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Abstract

Spontaneous intracerebral hemorrhage is a particularly devastating type of stroke with greater morbidity and mortality
compared with ischemic stroke and can account for half or more of all deaths from stroke. The seventh update of the
Canadian Stroke Best Practice Recommendations includes a new stand-alone module on intracerebral hemorrhage, with a
focus on elements of care that are unique or affect persons disproportionately relative to ischemic stroke. Prior to this
edition, intracerebral hemorrhage was included in the Acute Stroke Management module and was limited to its man-
agement during the first 12 h. With the growing evidence on intracerebral hemorrhage, a separate module focused on
this topic across the care continuum was added. In addition to topics related to initial clinical management, neuroimaging,
blood pressure management, and surgical management, new sections have been introduced addressing topics
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surrounding inpatient complications such as venous thromboembolism, seizure management, and increased intracranial
pressure, rehabilitation as well as issues related to secondary management including lifestyle management, maintaining a
normal blood pressure and antithrombotic therapy, are addressed. The Canadian Stroke Best Practice Recommendations
(CSBPR) are intended to provide up-to-date evidence-based guidelines for the prevention and management of stroke and
to promote optimal recovery and reintegration for people who have experienced stroke, including patients, families, and

informal caregivers.
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Introduction

Hemorrhagic stroke is a particularly devastating type
of stroke with greater morbidity and mortality com-
pared with ischemic stroke.! While just under a third
of strokes are hemorrhagic strokes, they account for
49% of the global burden of death from stroke.’
Globally, there were 13.7 million new strokes in 2016,
of which 4.1 million, or 30%, were hemorrhagic
stroke.? Spontaneous intracerebral hemorrhage (ICH)
is the most prevalent subtype of hemorrhagic stroke,
accounting for about 75% of cases. In Canada, ICH
accounts for 10-15% of all stroke cases presenting to
hospitals, with mortality that is considerably higher
compared with ischemic stroke (40% vs. 15%).* The
economic burden associated with the treatment of
ICH is aslo considerably higher than that of ischemic
stroke.* In Canada, the median cost of treating spon-
taneous ICH was USD$10,500 per hospitalization per
patient during the decade from 1999 to 2008, with the
majority of the cost incured during acute hospitaliza-
tion (median of USD§7300). Surgery, comorbidity, and
greater stroke severity were factors associated with
increasing costs, while hypertension was the strongest
predictor of ICH cost, mediated by a longer length of
hospital stay.®

The 2020 update of the Canadian Stroke Best

Practice Recommendations (CSBPR): Management of

Spontaneous Intracerebral Hemorrhage (sICH) is a new
addition for the 7th edition of the CSBPR. Prior to this
edition, sICH, defined as bleeding within the brain par-
enchyma, was included in the Acute Stroke
Management module and was limited to management
provided within the first 12 h of the event. While much
of the care associated with recovery following that time
period is similar to that provided to people with acute
ischemic stroke, there are some unique care aspects,
which is the focus of this module (Figure 1).
This module contains updates and additions to previ-
ously existing recommendations on acute management
of ICH in the emergency department, including
clinical assessment, neuroimaging, blood pressure

management, and surgical management and supersedes
all previous editions. Recommendations are also pro-
vided on topics surrounding inpatient complications
such as venous thromboembolism (VTE), seizure man-
agement, increased intracranial pressure (ICP), and
rehabilitation. Finally, recommendations are presented
related to secondary prevention, addressing the most
important risk factors of hypertension, the resumption
of oral antithrombotics, statins and lifestyle factors,
particularly those with the greatest associations with
ICH (alcohol, smoking, and physical activity). A
recent study highlights the positive impact that guide-
line-based practice can have on ICH outcome. The
application of an evidence-based guideline care
bundle including rapid reversal of anticoagulation,
intensive lowering blood pressure, and prompt neuro-
surgical referral for appropriate patients was shown to
reduce 30-day mortality by 10.8% compared with care
received before the implementation of this protocol.”

The theme of this edition of the CSBPR is entitled
“Building connections to optimize individual outcomes.”
Since people who have experienced a stroke often
present to the healthcare system with multiple
comorbid conditions, these conditions must be con-
sidered as treatment, and ongoing care planning is per-
sonalized and person-centred. In addition, there is
strong evidence of the intrinsic connections between
the heart and brain, and management of people follow-
ing stroke should take heart health and possible asso-
ciation with vascular cognitive impairment into
consideration. The healthcare system is often designed
in siloes with different planning and organization for
individual conditions that are not integrated across
conditions, even related vascular conditions. As
people transition across settings and phases of care fol-
lowing a stroke, they report experiencing anxiety and
feeling quite overwhelmed. Individualized care and
ensuring connections are made within the community
have a significant impact on patient short and long-
term outcomes.

The Canadian Stroke Best Practice
Recommendations are intended to provide up-to-date
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evidence-based guidelines for the prevention and man-
agement of stroke and to promote optimal recovery
and reintegration for all persons affected including
patients, families, and informal caregivers. This
module is intended for use by all healthcare profes-
sionals across the continuum of care as well as people
living with these conditions and their caregivers. Health
system policy makers, planners, funders, senior man-
agers, and administrators who are responsible for the
coordination and delivery of health services within a
province or region will also find this document relevant
and applicable to their work. The goal of disseminating
and implementing these recommendations is to opti-
mize evidence-based integrated and coordinated
stroke care across Canada, increase timely access to
care, reduce practice variations in the care of stroke
patients, and narrow the gap between current know-
ledge and clinical practice.

Guideline development methodology

The Canadian Stroke Best Practice Recommendations
development and update process follows a rigorous
framework adapted from the Practice Guideline
Evaluation and Adaptation Cycle”® and addresses all
criteria defined within the AGREE Trust model.” The
methodology has been used in previously published
updates®,'® and can be found on our Canadian Stroke
Best Practices website at www.strokebestpractices.ca.
An interdisciplinary group of experts was convened
and participated in reviewing, drafting, and revising
all recommendation statements. The writing group
included stroke neurologists, epidemiologists, nurse
practitioners, critical care physicians, neuroradiolo-
gists, and neurosurgeons. These recommendations
were developed in collaboration with the Canadian
Stroke Consortium.

Searches were conducted by experienced personnel
to identify peer-reviewed literature that examined
each topic area addressed in the current module.
Systematic reviews, meta-analyses, randomized con-
trolled trials, and observational studies were included,
as available. The literature for this module was current
to January 2020. Following a standardized abstraction
format, evidence tables were constructed including con-
tent from selected studies and provided to the writing
group for review. The writing group discussed and
debated the strength, importance, clinical relevance,
and applicability of the evidence and, through consen-
sus, developed a draft set of proposed recommenda-
tions. During this process, additional literature may
have been identified and used to develop a final set of
proposed recommendations. All recommendations
were assigned a level to indicate the strength of the
evidence ranging from A to C (described below). The

draft set of recommendations underwent an internal
review conducted by each member of the writing
group and the Canadian Stroke Best Practices and
Quality Advisory Committee and were then sent for
external review to several Canadian and international
experts who were not involved in any aspects of the
guideline development. All feedback received was
given careful consideration during the editing process
and was incorporated into the final version of the rec-
ommendations as appropriate. Definitions of terms
used within the recommendations are available at:
www.strokebestpractices.ca.

Assigning evidence levels

All recommendations were assigned a level indicating
the strength of the evidence ranging from A to C
according to the criteria adapted from Guyatt et al.®
defined in Table 1. When developing and including “C-
Level” recommendations, consensus was obtained
among the writing group and validated through the
internal and external review process. This level of evi-
dence was used cautiously and only when there was a
lack of stronger evidence for topics considered import-
ant system drivers for stroke care. An additional cat-
egory for expert opinion statements has also been
added in response to reasonable requests from a
range of healthcare professionals who seek guidance
and direction from the experts on specific clinical
issues faced on a regular basis in the absence of any
evidence on that topic. Since these statements did not
meet the criteria to be stated as recommendations, they
were included under the term, clinical considerations,
with the goal of providing additional guidance or clar-
ity in the absence of evidence.

Recommendations on the management
of intracerebral hemorrhage

Section |: Emergency management of
intracerebral hemorrhage

Patients presenting with symptoms of suspected ICH,
such as a depressed mental state, severe headache,
nausea, vomiting, and weakness or paralysis (Box
One), should undergo a non-contrast computerized
tomography (CT) or magnetic resonance imaging
(MRI) scan immediately to confirm the diagnosis.
Both forms of imaging have been shown to accurately
detect acute intracranial hemorrhage.”'® Given that an
underlying macrovascular cause is responsible for 15—
25% of spontaneous ICHs, further imaging studies
should also be conducted using CT angiography, MR
angiography, or digital subtraction angiography (DSA)
to detect possible arteriovenous malformations,
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Table I. Summary of criteria for levels of evidence reported in the Canadian Stroke Best Practice Recommendations (Update 2020)

Level of evidence Criteria®

A Evidence from a meta-analysis of randomized controlled trials or consistent findings from two or
more randomized controlled trials. Desirable effects clearly outweigh undesirable effects or
undesirable effects clearly outweigh desirable effects.

B Evidence from a single randomized controlled trial or consistent findings from two or more
well-designed non-randomized and/or non-controlled trials and large observational studies.
Desirable effects outweigh or are closely balanced with undesirable effects or undesirable
effects outweigh or are closely balanced with desirable effects.

© Writing group consensus and/or supported by limited research evidence. Desirable effects
outweigh or are closely balanced with undesirable effects or undesirable effects outweigh or
are closely balanced with desirable effects, as determined by writing group consensus.
Recommendations assigned a Level-C evidence may be key system drivers supporting other
recommendations, and some may be expert opinion based on common, new, or emerging
evidence or practice patterns.

?Adapted from Guyatt GH, Cook D], Jaeschke R, et al. Grades of recommendation for antithrombotic agents: American College of Chest Physicians
evidence-based clinical practice guidelines (8th ed) [published erratum in Chest 2008; |34: 473]. Chest 2008; 133 (6 Suppl): 123S-131S.

aneurysms, or cases of cerebral venous sinus throm-
bosis.'""'* In the DIAGRAM study, younger age,
lobar or posterior fossa location of ICH, absence of
neuroimaging markers of cerebral small vessel disease,
and a positive or inconclusive CTA were independent
predictors for an ultimate macrovascular cause for the
ICH being identified within one year of follow-up. In a
separate retrospective single-center study, patients with
an abnormal CTA, lack of microangiopathic findings,
and absence of pre-existing history of hypertension
had a 96% chance of having a macrovascular cause
identified on DSA.'* In addition to the above, pre-
dictors of a positive CTA additionally include female
sex, associated intraventricular and subarachnoid hem-
orrhage, lack of impaired coagulation, associated
enlarged vessels, or calcifications along the margin of
the ICH."

Following a confirmed diagnosis, one of the most
important early therapeutic targets is aimed at limiting
hematoma expansion, a factor which has been identi-
fied as a strong determinant of early neurological
deterioration and poor clinical outcomes. Depending
on the definition used, hematoma expansion occurs in
up to 32% of ICH patients.'* Risk factors for hema-
toma expansion include the presence of ‘“‘spot sign”
(contrast extravasation), heterogeneous hematoma
density/border irregularity, early presentation, anticoa-
gulation use, and initial hematoma volume.'>'® Early
blood pressure reductions are the mainstay of treat-
ment to help prevent hematoma expansion.

While the optimal blood pressure targets for patients
who have experienced a spontaneous ICH are not
known, a systolic blood pressure (SBP) greater than
180mm Hg is thought to increase the risks of

rebleeding and hematoma expansion. Although this
finding suggests that steps to lower blood pressure
aggressively would be beneficial, the results from sev-
eral large controlled trials on the topic are not conclu-
sive. In the ATACH-2 trial,'” intensive blood pressure
management, with an SBP target of 110-139 mm Hg,
did not reduce the risk of death or disability at 90 days
(adjusted OR=1.04, 95% CI 0.85-1.27, p=0.72), or
hematoma expansion within 24 h (adj OR =0.78, 95%
CI 0.58-1.03, p=0.08), compared with standard treat-
ment (target SBP of 140-179 mm Hg) in 1000 patients
admitted acutely with an ICH. A subgroup analysis of
the same trial suggested that patients with a basal gang-
lia hemorrhage may benefit from intensive treatment.'®
Results of the INTERACT-2 trial' also suggested no
difference in the risk of a poor outcome or 90-day mor-
tality among patients with a target SBP less than
140mm Hg following ICH (52% vs. 55.6%,
OR =0.87, 95% CI 0.75-1.01, p=0.06 and 11.9% vs.
12.0%, OR =0.99, 95% CI1 0.79-1.25, p =0.96, respect-
ively). However, there was a significant shift in the dis-
tribution of mRS scores toward less disability among
patients in the intensive group (OR=0.87, 95% CI
0.77-1.00, p=0.04). The results of the ATACH-2 and
INTERACT-2 trials were pooled using individual
patient data (n=3829).° Achieved target SBP during
the first 24h was associated with functional status,
whereby each 10mm Hg increase in SBP resulted in
significantly reduced odds of a favorable shift in mRS
scores (OR=0.90, 95% CI 0.87-0.94, p <0.0001),
reduced odds of a good outcome (OR =0.90, 95% CI
0.85-0.95, p=0.0002), and increased odds of hema-
toma expansion, neurological deterioration, death at
90 days, and serious adverse events.
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Figure 1. Intracerebral hemorrhage patient flow map.
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Although not currently recommended for use in
spontaneous ICH, another potential treatment that
may help to optimize hemostasis and minimize hema-
toma expansion is recombinant-activated factor VII
(rFVIIa). In a recent trial that included 69 patients
with primary spontaneous acute ICH who were spot-
sign positive and randomized to receive rFVIIa (80 pug/
kg or placebo), there were no significant differences
between groups in the change (increase) in median par-
enchymal ICH volume from baseline to 24h (2.5 vs.
2.6mL, p=0.89) or in median total hemorrhagic
volume (3.2 vs. 48mL, p=0.91).?' Results of the
FAST I1*? and FAST III trials*® suggested that treat-
ment with rFVIIa could help to blunt the increase in
ICH volume at 24-h post treatment; however, the trials
conflicted with respect to functional outcome. The

FAST III trial*® did not report a significant difference
in the proportion of patients with death or severe dis-
ability at 90 days, while FAST II1** reported a lower
proportion in active treatment group patients. The
authors of a recent Cochrane review stated that they
could not draw firm conclusions of the benefit of blood
clotting factors in the treatment of ICH, but noted
ongoing research in subgroups (e.g. younger patients
and earlier time windows).”* Other hemostatic thera-
pies are under investigation. The benefits of the antifi-
brinolytic agent tranexamic acid in major trauma have
increased interest in its potential benefits in spontan-
eous ICH. In the TICH-2 trial, the use of tranexamic
acid (1g bolus, followed by 1g infused over 8§ h) was
shown to be safe, seemed to reduce hematoma expan-
sion and reduced early deaths, but ultimately did not
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improve functional outcomes at 90 days in spontancous
ICH patients treated within 8 h of symptom onset.>

For patients who had been managed with warfarin
prior to ICH, the results of the INCH trial®® indicate
that the treatment with prothrombin complex concen-
trate (PCC) is superior to intravenous fresh-frozen
plasma. The trial was halted early due to safety con-
cerns, after significantly more patients in the PCC
group achieved anticoagulation reversal (INR <1.2)
within 3h after treatment (67% vs. 9%, OR =30.6,
95% CI 4.7-197.9, p=10.0003). There are other options
when treating patients taking non-vitamin K oral anti-
coagulants. Treatment with idarucizumab has been
shown to be effective in reversing anticoagulation for
patients requiring surgery or other invasive procedures,
who had been previously receiving treatment with the
direct oral anticoagulation agent, dabigatran.”’” The
ANNEXA-4 trial® included patients who had sus-
tained acute major bleeding occurring while taking a
factor Xa inhibitor. The primary site of bleeding was
intracranial in 64% of 352 patients enrolled. Following
treatment with andexanet, there was a median reduc-
tion of 92% in anti-factor Xa activity among the
patients who had been taking apixaban or rivaroxaban,
while 82% of all patients who could be evaluated had
excellent or good hemostasis 12h after infusion. The
ongoing ANNEXA-I trial is assessing the clinical effi-
cacy of random assignment to andexanet alfa compared
with standard treatment (including PCC) in factor Xa
inhibitor-related ICH.

The possible need for surgical decompression or
hematoma evacuation should be urgently assessed by

neurosurgical consultation.”” While the role of surgical
intervention for the evacuation of supratentorial ICH
remains uncertain, patients with hematomas >3cm,
and those exhibiting signs of clinical deterioration or
coma can be considered for craniectomy with and/or
without clot evacuation. These procedures, typically
performed using conventional craniotomy or minimally
invasive surgery (MIS), can stop bleeding, prevent
rebleeding, and prevent secondary brain damage by
removing the mass effect.*® Overall, while any form of
surgical intervention was found to be associated with
better outcomes compared with best medical manage-
ment in a pooled analysis,?' the proportions of patients
who experienced a favorable outcome were not signifi-
cantly higher in patients with primary supratentorial
ICH, treated with conventional craniotomy in the
STICH-1*? and STICH-2*? trials. MIS appears to be
superior to conventional craniotomy.*** The risk of
death or dependence was shown to be reduced signifi-
cantly in patients with supratentorial ICH treated with
MIS compared with craniotomy or conservative man-
agement in two systematic reviews including the results
of 12 and 15 high-quality trials.*>*® Treatment with alte-
plase via the MISTIE technique significantly reduced
hematoma size compared with standard care in 506
patients with supratentorial ICH of >30mL, although
there was no significant difference between groups in the
proportion of patients who achieved a good functional
outcome (MRS 0-3) at one year (45% vs. 41%, absolute
risk difference 4% (95% CI —4-12); p=0-33).>” One-
year and 180-day mortality were both significantly
lower in the MISTIE group, but not 30-day mortality.

Section |I: Recommendations®

*These recommendations provide guidance in the management of spontaneous intracerebral hemorrhage (ICH), not
hemorrhagic conversion of an ischemic infarction; These recommendations may not be applicable to ICH of second-
ary causes; These recommendations should be referred to once a confirmed diagnosis of ICH has been established
following brain imaging; Prior to diagnosis of ICH, follow the Initial assessments and imaging guidelines defined in the
CSBPR Acute Stroke Management module 2018 (Sections 2, 3, 4) for all patients who arrive at hospital with a
suspected stroke and during prehospital management.

1.0. Intracerebral hemorrhage should be treated as a medical emergency. When intracerebral hemorrhage is sus-
pected (or confirmed), patients should be evaluated urgently (Evidence Level B) by physicians with expertise in
acute stroke management (Evidence Level C).

Note: For patients presenting in community or rural hospitals, Telestroke modalities could facilitate rapid access to
stroke expertise for consultation and decision-making regarding transfer to a higher level of care.

I.1. Initial clinical assessment of intracerebral hemorrhage
i. A severity score based on neurological exam findings should be conducted as part of the initial assessment

(Evidence Level B). The National Institute of Health Stroke Score is preferred for awake or drowsy patients
or a Glasgow Coma Scale (GCS) in patients who are obtunded, semi or fully comatose (Evidence Level C).

International Journal of Stroke, 0(0)
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vi.

Vii.

Clinical considerations for Section |.I

1.2. Blood pressure management

Note: The GCS has been found to be a strong predictor of outcomes following ICH.

a. Patients with declining GCS and/or equal to less than 8 should be rapidly assessed for airway support by
endotracheal intubation (Evidence Level B).

b. Patients with reduced level of consciousness (LOC), pupillary changes, and/or other signs of herniation
should have temporizing maneuvers to manage presumed elevation in ICP, such as temporary hyper-
ventilation, and hyperosmotics (e.g. mannitol or 3% saline) (Evidence Level C).

Patients with suspected ICH should undergo CT immediately following stabilization to confirm diagnosis,

location, and extent of hemorrhage (Evidence Level A). Refer to CSBPR Acute Stroke Management module for

additional information on initial brain imaging. www.strokebestpractices.ca.

In patients with confirmed acute ICH, intracranial vascular imaging is recommended for most patients to

exclude an underlying lesion such as an aneurysm or arteriovenous malformation or cerebral sinus venous

thrombosis (Evidence Level B).

a. Factors that increase the yield of angiography include age <50 years, female sex, lobar, or infratentorial
location of ICH, accompanying intraventricular hemorrhage, absence of neuroimaging markers of cere-
bral small vessel disease, and/or absence of hypertension or impaired coagulation (Evidence Level B).

b. Where suspicion is high for an underlying vascular lesion, the vascular imaging should be performed at
the same time as brain imaging (Evidence Level C).

Evaluation of patients with acute ICH should include questions about medication history (Evidence Level C)

and antithrombotic therapy, measurement of platelet count, partial thromboplastin time, and international

normalized ratio (Evidence Level A).

Patients should be assessed for clinical signs of increased ICP such as pupil reaction and LOC (Evidence Level B).

A GCS score and neurovital signs should be conducted at baseline and repeated at least hourly for the first

24 h, depending on stability of patient (Evidence Level C).

If physicians with expertise in acute stroke management are not available onsite, protocols should be in place

to contact appropriate experts through virtual telestroke technology (Evidence Level B) to expedite patient

assessment and decisions regarding transport to a higher level of care (Evidence Level C).

The resolution of CT angiography is preferred over MR angiography when screening for underlying vascular
anomalies.

Clinical signs of increased ICP include reduced LOC, dilated unresponsive pupils, new cranial nerve VI
palsies, or other false localizing neurological signs, worsening headache and/or nausea/vomiting, and elevated
blood pressure with reduced heart rate and irregular/decreased respirations (Cushing’s reflex).

Potential unstable patients requiring greater monitoring frequency (i.e. neurovital signs hourly for first 24 h)
include patients with large (>30 cc) ICH volume, depressed or declining GCS (< 12), worsening neurological
disability, infratentorial location, associated intraventricular hemorrhage or hydrocephalus, refractory hyper-
tension, and/or neuroimaging markers of ICH expansion (see Section 1.5).

The use of tranexamic acid has been shown to be safe in a large phase 3 trial (TICH-2) but there was no
effect on the primary outcome of functional status at 90 days. Post-hoc pre-specified subgroup analyses
showed better functional status in patients with baseline SBP less than 170 mm Hg. However, this post-hoc
finding has yet to be confirmed. Overall, the clinical role of tranexamic acid for spontaneous ICH remains
unclear, and there is no evidence for its use in the setting of anticoagulant-related ICH.

Blood pressure should be assessed on initial arrival to the Emergency Department and every |5 min thereafter
until desired blood pressure target is achieved and maintained for the first 24 h (Evidence Level C).

SBP lowering to a target of <140 mm Hg systolic does not worsen neurological outcomes (relative to a target
of 180 mm Hg systolic) (Evidence level A); however, clinical benefit has yet to be established (Evidence level A).
Subsequent blood pressure monitoring should be tailored to the individual patients according to stability of
the vital signs and ICP (Evidence Level C).

There is a lack of strong evidence to guide choice of initial blood pressure lowering agents.

International Journal of Stroke, 0(0)
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Clinical consideration for Section 1.2

i. A SBP threshold at an individual target of less than [40—160 mm Hg for the first 24—48h post-ICH may be
reasonable.
a. Factors that may favor a lower target within this range (i.e. <140 mm HG) may include: presentation within
6 h of symptom onset; presenting SBP no greater than 220 mm Hg; anticoagulation therapy; presence of
neuroimaging markers of expansion (see Section 1.5) and/or normal renal function.
ii. Parenteral labetalol, hydralazine, nicardapine, and/or enalipril (oral or intravenous) may be considered for
acute blood pressure reduction.

1.3. Management of anticoagulation

i. Patients presenting with anticoagulant-related ICH should have their anticoagulation withheld and should be
considered for immediate reversal, irrespective of the underlying indication for anticoagulation (Evidence
Level B).

ii. Beyond initial investigations, further management should be tailored to the specific antithrombotic agent
used (Evidence Level C).

iii. Warfarin should be reversed immediately with PCC dosed as per local protocols and in conjunction with
intravenous Vitamin K 10mg (Evidence Level B).

iv. For patients on direct oral anticoagulants (DOACs), most information about anticoagulation activity would
come from establishing time of last dose, creatinine clearance, anti-factor Xa level, if available (Evidence
Level C).

Note: Reversal should not be delayed while waiting for laboratory results, rather it should be based on clinical history.

v. Factor Xa inhibitors (apixaban, edoxaban, rivaroxaban) should be stopped immediately and PCC adminis-
tered at a dose of 50 U/kg with a maximum dose of 3000 U (Evidence Level C).

Note: There are no targeted anti-Factor Xa reversal agents available in Canada at this time.

vi. Dabigatran should be stopped immediately and reversed with idarucizumab; patients should be given a total
dose of 5g, in two intravenous bolus doses of 2.5 g each, given no more than |5 min apart (Evidence Level B).

Note: The doses should be given successively. There is no requirement for time delay between doses.

a. If idarucizumab is not available, use of FEIBA (anti-inhibitor coagulant complex; activated PCC) is
recommended at 50 U/kg to a maximum of 2000 U (Evidence Level C).

b. If both agents are not available, consider four-factor PCC at a dose of 50 U/kg to a maximum dose of
3000 U (Evidence Level C).

vii.  If the patient has received therapeutic low molecular weight heparin (LMWH) within the past 12h, con-
sider administering protamine (Evidence Level C).
viii. If the patient is receiving intravenous heparin infusion at the time of ICH, infusion should be immediately

discontinued and consider administering protamine (Evidence Level C).

ix. Antiplatelet agents (e.g. acetylsalicylic acid (ASA), clopidogrel, dipyridamole/ASA, and ticagrelor) should be
stopped immediately (Evidence Level C).

x.  Platelet transfusions are not recommended (in the absence of significant thrombocytopenia) and may be
harmful (Evidence Level B).

Clinical considerations for Section 1.3

i. Dilute thrombin time can be used as a surrogate measure of anticoagulation in patients on dabigatran;
however, we advise against delaying reversal to obtain these results.

ii. Andexanet alfa is not yet commercially available in Canada but has been shown to reverse the anticoagulant
effect of Factor Xa inhibitors in a non-randomized single-arm clinical trial. It could be considered once
commercially available.
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1.4. Consultation with neurosurgery

i. Neurosurgical consultation can be considered as a life-saving intervention for large ICH that is surgical
accessible or causing obstructive hydrocephalus. Smaller non-life-threatening ICH requires stroke unit care
and does not necessarily require neurosurgical consultation (Evidence Level C).

Note: If neurosurgical services not available onsite, initial consultation should be initiated with nearest neurosurgical
services without delay, using telephone or Telemedicine technology.

Clinical consideration for Section 1.4
i. Participation and enrollment in randomized trials should be considered where possible.
1.5. Neuroimaging

Note: For recommendations on initial neuro-imaging of all suspected acute stroke patients upon initial arrival to hospital

Management during Pregnancy module.
1.5.1. Recommended additional urgent neuroimaging to confirm ICH diagnosis

i. In cases where CTA is not obtained as part of the initial acute stroke protocol, non-invasive angiography
(CTA or gadolinium enhanced MRA) of the intracranial circulation should be considered and, if proceeding,
be performed promptly on most patients presenting with ICH to identify potential underlying vascular
lesions or spot sign/extravasation (Evidence Level B).

a. If suspected, CT venography can be performed to evaluate for cerebral venous sinus thrombosis
(Evidence Level B).

Clinical considerations for Section 1.5.1

i. Hemorrhage volume (cc) can be quickly estimated using the formula ABC/2 where A is the greatest
hemorrhage diameter in centimeters on an axial slice, B is the largest diameter perpendicular to A, and
C is the approximate number of CT slices with hemorrhage multiplied by the slice thickness in cm (i.e. 5mm
slice thickness =0.5).

ii. Urgent repeat CT should be performed in patients when there is clinical deterioration or worsening LOC.
A repeat CTat 24 h may be considered even in the absence of clinical deterioration to document hematoma
expansion (occurring in ~30% of acute ICH) and to identify extent of mass effect, new intraventricular
hemorrhage, or evolution of hydrocephalus.

iii. Baseline clinical and imaging factors that are predictive of hematoma expansion and ensuing worse outcomes
include short time from symptom onset to baseline imaging (i.e. 6 h), larger hematoma volume, and antith-
rombotic therapy. Additional imaging predictors of hematoma expansion including heterogeneous hematoma
density or regions of intra-hematomal hypodensity, irregular hematoma shape and satellite hematomas,
amongst others, on non-contrast CT as well as intra-hematomal contrast extravasation (Spot Sign) on
CTA. However, these markers have yet to be proven useful for clinical interventions.

iv. Early marked vasogenic edema that is out of proportion to presumed timing of ICH may be suggestive of
underlying hemorrhagic infarction, hemorrhagic tumor, or cerebral venous sinus thrombosis. CT hyper-
attenuation within a major dural venous sinus or cortical vein draining region of ICH is suggestive of cerebral
venous sinus thrombosis.

1.5.2. Recommended additional etiological neuroimaging

i. MRI should be considered to evaluate potential underlying mass lesions, hemorrhagic transformation of an
ischemic infarct, and cavernous malformations (Evidence Level B).
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V.

Clinical considerations for Section 1.5

1.6. Surgical management of ICH

a. MRI can additionally provide information on microangiopathic changes to support the diagnosis of
spontaneous ICH from underlying cerebral small vessel disease due to chronic hypertension and/or
cerebral amyloid angiopathy (CAA) (Evidence Level B).

b. The optimal timing of initial MRI is uncertain (Evidence Level C).

MRI with MR venogram and GRE/SWI may be considered to exclude cerebral venous thrombosis (Evidence

Level B).

DSA should be considered in select cases where there exists continued high suspicion of underlying vascular

anomaly despite normal CTA and MRI, or non-invasive studies are suggestive of an underlying lesion

(Evidence Level B).

a. The yield of angiography is higher in the presence of the following clinical and radiologic predictors:
younger age <50 years, female sex, lobar/superficial or infratentorial location of ICH, associated
intraventricular hemorrhage or subarachnoid hemorrhage, absence of prior history of hypertension
or impaired coagulation, associated enlarged vessels or calcifications along the margin of the ICH, and
absence of neuroimaging markers of cerebral small vessel disease (Evidence Level B).

Where sufficient suspicion persists for an underlying lesion responsible for the index ICH, delayed repeat

imaging with MRI and DSA following hematoma resolution (usually three months post-ICH) can be used to

detect an underlying lesion that may have initially been unidentified, such as tumors, cavernous malforma-

tions, or small vascular anomalies initially compressed or obscured by the hematoma (Evidence Level B).

The most prevalent cerebral small vessel diseases that contribute to spontaneous ICH are hypertensive
arteriopathy and/or CAA. CT markers associated with these underlying microangiopathies include multiple
chronic lacunes and brainstem, deep gray, periventricular, and subcortical white matter disease. Similar
findings can be seen on MRI, with addition of enlarged perivascular spaces on T2-weighted imaging and
cerebral microbleeds or cortical superficial siderosis on blood sensitive sequences (T2*-GRE and/or SWI).
A strictly cortical/subcortical white matter distribution of these lesions, but with sparing of the brainstem
and deep gray matter in older (>55 years) patients with lobar or cerebellar ICH would favor CAA over
hypertensive arteriopathy.

The increased use of acute/subacute MRI has identified remote punctate DWI hyperintense lesions in up to
25% of spontaneous ICH patients. The underlying etiology of such lesions is currently under investigation,
but seems to be strongly associated with the degree of underlying microangiopathy. An embolic workup
could however still be considered in such cases, until their clinical significance becomes further elucidated.

External ventricular drainage (EVD) should be considered in patients with a reduced LOC and hydroceph-

alus due to either intraventricular hemorrhage or mass effect (Evidence Level B).

Surgical evacuation is not recommended if symptoms are stable and there are no signs of herniation

(Evidence Level B).

a. Intraventricular thrombolysis to treat spontaneous intraventricular hemorrhage with or without asso-
ciated ICH is generally not recommended (Evidence Level B). Treatment may reduce the risk of death
but does not increase the chances of survival without major disability (Evidence Level B).

Acute surgical intervention may be considered in patients with surgically accessible supratentorial hemor-

rhages and clinical signs of herniation (e.g. decreasing LOC, pupillary changes) (Evidence Level C), particu-

larly in the following subgroups:

a. Young patients (<65 years of age)

b. Superficial ICH location (less than or equal to | cm from the cortical surface)

c. Associated vascular or neoplastic lesion

Patients with cerebellar hemorrhage may be considered for neurosurgical consultation, particularly in the

setting of altered LOC, new brainstem symptoms, or diameter of 3 or more cm (Evidence Level C).

a. EVD placement should occur in conjunction with hematoma evacuation in the setting of concurrent
hydrocephalus (Evidence Level C).

The clinical benefit of minimally invasive clot evacuation is yet to be established.
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a. Routine use of stereotactic thrombolysis and drainage (MISTIE technique (tPA)) is not recommended
based on current evidence (Evidence Level B).

Clinical considerations for Section 1.6

i. Patients with significant hydrocephalus and normal LOC should be monitored closely and could be con-
sidered for EVD at earliest signs of decreasing LOC.

ii. Intraventricular thrombolysis to treat spontaneous intraventricular hemorrhage with or without associated
ICH may reduce the risk of death but seems to increase the chances of survival with major disability.

iii. Based on the findings of one RCT (MISTIE lll), stereotactic thrombolysis appears to be safe and reduces
mortality compared to medical management alone but does not improve functional outcomes. Successful
hematoma volume reduction to <15 mL may be associated with functional outcome benefit.

iv. Endoscopic evacuation of deep and superficial ICH also decreases hematoma volume. Small randomized and
non-randomized series have suggested benefit. The impact on functional outcomes is currently under assess-
ment in larger randomized clinical trials.

v. Endoscopic evacuation without the use of thrombolysis is under ongoing investigations. Its routine use is not
recommended outside the framework of a clinical trial.

vi. Confirmation of anticoagulation reversal should be obtained intraoperatively.

vii. Pneumatic compression devices should be placed preoperatively and maintained post operatively until
pharmacologic DVT prophylaxis can be initiated.

Box One: Symptoms of intracerebral hemorrhage

Clinical assessment cannot reliably distinguish intracerebral hemorrhage from ischemic stroke; brain imaging is
required. More frequent symptoms of ICH may include:

e Alteration in LOC (present in approximately 50% of patients)
e Nausea and vomiting (approximately 40-50%)
e Sudden, severe headache (approximately 40%)
e Seizures (approximately 6—7%)
e Sudden weakness or paralysis of the face, arm or leg, or numbness, particularly on one side of the body
e Sudden vision changes
e Loss of balance or coordination
e Difficulty understanding, speaking (slurring, confusion), reading, or writing
Presentation

e The classic presentation of ICH is sudden onset of a focal neurological deficit that progresses over minutes to
hours with accompanying headache, nausea, vomiting, decreased consciousness, and elevated blood pressure.

e Patients may present with symptoms upon awakening from sleep. Neurologic deficits are related to the site of
parenchymal hemorrhage.

e Thus, ataxia is the initial deficit noted in cerebellar hemorrhage, whereas weakness may be the initial symptom
with a basal ganglia hemorrhage.

e Early progression of neurologic deficits and decreased LOC can be expected in 50% of patients with ICH.3®

Patients with ICH treated on a specialized stroke

Section 2: Recommendations on acute inpatient
care following ICH

While it is now well-accepted that patients with ische-
mic stroke admitted to a stroke unit featuring dedicated
beds and staff have better outcomes compared with
patients admitted to general or less-specialized units,
there is also evidence that the subset of patients who
have experienced ICH realize the same benefits.

unit have been shown to have reduced risks of death
or dependency (RR=0.81, 95% CI 0.71-0.92,
p<0.0001),*°  decreased  in-hospital  mortality
(OR =3.4; 95% CI 1.65-7.6),***" and improved short
and long-term survival** compared with care on non-
specialized units.

In addition to the usual issues faced to prevent med-
ical complications when managing a patient with
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ischemic stroke, ICH presents some additional chal-
lenges, including the prevention of VTE, increased
ICP, and seizures.

The frequency of VTE has been reported to be up to
four times higher in ICH compared with ischemic
stroke.* In the short term, use of intermittent compres-
sion stockings/devices (IPC) is a commonly used alter-
native to chemoprophylaxis until the hematoma has
stabilized. The use of such devices was associated
with a significantly decreased risk of any form of deep
vein thrombosis (DVT) within 30 days in the CLOTSs
Trial (16.2% vs. 21.1%, OR =0.72, 95% CI 0.60-0.87,
p=0.001),* as was the incidence of any DVT, death,
or pulmonary embolism compared with the no IPC
group (27.2% vs. 34.1%, OR=0.72, 95% CI 0.61—
0.84, p<0.0001). The risk of these outcomes in the
IPC group remained significantly lower at six months.
Transition from IPC to LMWH can occur once the
ICH has stabilized on repeat neuroimaging; however,
the optimal timing of LMWH following acute ICH is
uncertain. A systematic review and meta-analysis of
observational and randomized controlled studies up
to November 2010 demonstrated that early treatment
with UFH and LMWH between one and six days fol-
lowing ICH led to a significant reduction in the rate of
PE (1.7% vs. 2.9%; p=0.01), without an increase in
hematoma expansion.*’ In a small randomized trial of
68 patients with ICH, participants randomized to
LWMH on day 2 following their ICH experienced
less pulmonary emboli than those randomized to initi-
ate treatment on days 4 and 10, without an apparent
increase in rebleeding.*® These results are supported by
a prospective observational study demonstrating the
absence of hematoma expansion with LMWH started
within 48 h of ICH onset after hematoma stabilization
compared to later initiation in 134 consecutive
patients.*” Similarly, in another observational study

of 407 ICH patients, there was no increase in ICH
expansion between those treated with LMWH (85%
started within 48h) or those receiving no
chemoprophylaxis.*®

Following ICH, patients are at increased risk of seiz-
ures. Early-onset seizure typically occurs at or near
event onset, while late-onset seizures occur 6-12
months post event. The published estimates of early
onset seizures vary widely depending on the patient
population, timing, and whether clinical criteria or elec-
troencephalography (cEEG) monitoring are used for
detection. Within 14 days of ICH onset, the reported
frequency of seizures ranges from 8% to 31.6%.°
Patients presenting with new-onset seizures should be
treated with an antiepileptic agent;*® however, prophy-
lactic use of antiepileptic drugs (AED) has not
been shown to be effective at reducing the odds of
recurrent seizure® and may be associated with poor
outcome.’>

While a wide variety of nonsurgical interventions are
used commonly to lower ICP following ICH, including
head elevation, hyperosmotic agents, hyperventilation,
analgesia, and sedation, RCT evidence of their effect-
iveness is lacking. A notable exception is the Head-
PoST>? trial, which randomized over 11,000 patients
following stroke to receive care in either a lying-flat
position or a sitting-up position with the head elevated
to at least 30°, which was initiated as soon as possible
and maintained for 24 h. There were no significant dif-
ferences between groups in any of the primary or sec-
ondary clinical outcomes (mRS scores, death, or major
disability at 7 and 90 days). The results were similar in
the subgroup of 8% of patients with ICH. Factors that
may have potentially contributed to the null findings
include the lack of ICP monitoring for patients with
ICH, poor adherence to the trial protocol, and the
inclusion of patients with mild stroke.>*

Section 2: Recommendations

2.0.

maker (Evidence Level B).

Inpatient care following an intracerebral hemorrhage

i. Medically stable patients with an acute intracerebral hemorrhage should be admitted to an acute stroke unit or
neuro-intensive care unit (Evidence Level B) and undergo interprofessional stroke team assessment to deter-
mine their rehabilitation and other care needs (Evidence Level B). Refer to CSBPR Acute Stroke Management
Section 8 for more information on stroke unit care. Refer to the CSBPR Rehabilitation and Recovery following
Stroke module for additional information regarding rehabilitation assessment.

ii. The goals of care and recovery should be established with patient and/or designated substitute decision-

a. Prognostication for the purpose of modifications to goals of care should generally be deferred for 48—
72 h after time of presentation to determine the extent of deficits, response to medical therapy, and
potential for worsening of condition (Evidence Level B). Refer to the CSBPR Acute Stroke Management
Section 10 on Palliative Care for additional information.
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b. Exceptions to deferring prognostication and conservative goals of care may include patients with pre-
existing wishes to avoid invasive life-sustaining therapies because of co-morbidities (e.g. dementia) or
based on their own previously expressed values (Evidence Level C).

2.1. Venous Thromboembolism prophylaxis

i. In the acute phase of ICH, patients should be started on intermittent pneumatic compression devices,
beginning the day of admission (Evidence Level A).
ii. Graduated compression stockings are not recommended for DVT prevention (Evidence Level A).
iii. Chemoprophylaxis (LMWH) can be initiated after 48 h and documentation of hematoma stabilization on
neuroimaging (Evidence Level B).
a. Documenting hematoma stabilization requires an additional scan that is separated by at least 24 h from
the baseline scan.

2.2. Seizure management

i. People with ICH are at a greater risk of seizures at presentation (Evidence Level B) and should be monitored
clinically.

ii. Consider continuous EEG for the diagnosis of nonconvulsive status epilepticus in patients with depressed
LOC that is out of proportion to the size and location of ICH (Evidence Level B).

iii. Newe-onset seizures in patients admitted to hospital with ICH should be treated with antiepileptic medica-
tions if they are not self-limiting (Evidence Level C).

iv. A single, self-limiting seizure occurring at the onset or within 24 h after an ICH (considered an “immediate”
post-stroke seizure) should not be treated with long-term anticonvulsant medications (Evidence Level C).
Short-term anticonvulsant therapy can be considered in such cases on an individual basis (Evidence Level C).

v. Patients who have an immediate post-ICH seizure should be monitored for recurrent seizure activity
during routine monitoring of vital signs and neurological status. Recurrent seizures in patients with ICH
should be treated as per treatment recommendations for seizures in other neurological conditions
(Evidence Level C).

vi. Prophylactic use of anticonvulsants in patients with ICH is not recommended (Evidence Level B).

2.3. Increased intracranial pressure (ICP)

i. In cases of suspected elevated ICP, conservative methods to decrease ICP (such as elevation of head of bed
30°, methods of neuroprotection (e.g. euthermia and euglycemia), analgesia, and mild sedation) are reason-
able (Evidence Level C).

ii. In the absence of concerns regarding ICP, head of bed positioning does not seem to influence neurological
outcomes or serious adverse events in stroke patients, including ICH (Evidence Level B).

iii. There is insufficient evidence to recommend the routine or prophylactic use of hyperosmotic agents in ICH
(Evidence Level C).
a. Hyperosmotic agents (mannitol and/or 3% normal saline) can be considered as a temporizing measure
to decrease ICP in ICH patients with clinical signs of herniation prior to surgical intervention (Evidence
Level Q).
iv. Use of corticosteroids to treat ICP in ICH may cause harm, has no proven benefits, and therefore is not
recommended (Evidence Level B).

Clinical considerations for Section 2.3

i. Hyperthermia and hyperglycemia have been associated with poor outcomes in ICH patients. In the absence
of randomized controlled trial research evidence, it is advisable to target normothermia and normoglycemia
in hospitalized ICH patients.

ii. In patients with elevated ICP ensure to avoid compression of neck vessels, particularly when securing
endotracheal tubes.
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care.

trajectories (Evidence Level B).

2.4. Rehabilitation following intracerebral hemorrhage
Note: Rehabilitation assessment and management for people who have experienced an ICH generally follow the same

approaches as for people with other causes of stroke. Therefore, the CSBPR Recommendations for Rehabilitation and
Recovery Following Stroke module apply to this patient population. This includes early assessment during acute inpatient

i. Patients with ICH should have continued monitoring for rehabilitation readiness beyond conventional time
frames used in ischemic stroke patients due to emerging evidence regarding their prolonged recovery

Note: Early assessments for rehabilitation readiness may underestimate rehabilitation potential.

Section 3: Secondary stroke prevention in an
individual with intracerebral hemorrhage

Certain lifestyle risk factors may increase the risk of
ICH to a greater extent compared with ischemic
stroke. Smoking, a sedentary lifestyle, and excessive
alcohol consumption are of particular concern. In the
second phase of the INTERSTROKE study,” the odds
of ICH were increased to a greater degree compared
with ischemic stroke among persons who consumed
higher amounts of alcohol, defined as >14 drinks/
week in women or >21 drinks/week in men, and in
those who did not engage in at least 4h of moderate
or strenuous leisure activity, weekly. In the
INTERSTROKE 1 study,”® consuming >30 drinks/
month or binge drinking was associated with an
increased risk of ICH compared with never/former
drinkers, and the risk of ICH was higher than ischemic
stroke. In a systematic review that included the results
of 27 prospective studies, Zang et al.”’ reported that
while low-to-moderate alcohol intake was not asso-
ciated with ICH risk, an intake of >45g/day did.

In terms of treatment for secondary prevention,
long-term intensive blood pressuring lowering can
reduce the risk of ICH recurrence.”® In the Secondary
Prevention of Small Subcortical Strokes (SPS3) Trial,>
lowering blood pressure to <130/80 mm Hg was shown
to be safe and reduce the risk of future ICH (Hazard
ratio=0.37, 95% CI 0.15-0.95). This finding was
reported among patients with lacunar stroke, who
share a prevalent underlying pathophysiology (arterio-
losclerosis or hypertensive arteriopathy) with ICH.
Moreover, a mean blood pressure reduction of 9/
4mm Hg in participants within PROGRESS trial
reduced the risk of CAA-related ICH by 77% and
hypertensive arteriopathy-related ICH by 46%.%°

Administration of statins, used for the prevention of
recurrent ischemic strokes, may increase the risk of
ICH.®" In the Stroke Prevention by Aggressive
Reduction in Cholesterol (SPARCL) trial,®* after

taking 80 mg of atorvastatin daily for an average of
five years, while the risk of ischemic stroke was reduced
significantly, the risk of ICH was increased (HR = 1.66
95% CI 1.08-2.55, p=0.020). However, a meta-analy-
sis including the results of 31 RCTs found that there
was no increased overall risk of ICH or in subgroup
analyses including primary and secondary prevention
trials.®® Similar results were reported in a more recent
meta-analysis confined to secondary stroke prevention
trials.** There does not appear to be an increased risk
of ICH when statins are used for primary stroke pre-
vention.® These discrepancies may reflect the nature of
populations studied, as the greater risk of ICH in
SPARCL seemed to have been driven by participants
with baseline qualifying ICH or small vessel disease
(lacunar) stroke who were at a four to fivefold increased
risk of ICH with atorvastatin treatment.®® These stroke
subtypes were likely underrepresented in other lipid
lowering trials. The ongoing SATURN trial is assessing
the effect of statin continuation compared with discon-
tinuation on recurrent ICH rates following lobar ICH.

The decision whether to resume antithrombotic ther-
apy for patients following an ICH can be challenging
due to the increased risk of bleeding. This risk must be
balanced with the prevention of a future ischemic event,
particularly for patients with nonvalvular atrial fibril-
lation. While the issue remains unresolved and is best
approached on an individual basis, the evidence from
recent studies suggests that the benefits may outweigh
the risks.®” The net benefit of continued antiplatelet
therapy following a spontaneous ICH was recently
tested in the randomized multicenter RESTART
trial.®® In 537 participants with spontaneous ICH, ran-
domization to antiplatelet therapy (either aspirin, clo-
pidogrel, and/or dipyridamole) compared to no
antithrombotic therapy did not seem to increase the
risk of recurrent ICH and led to a 35% (p=0.025)
relative risk reduction in the secondary composite out-
come of non-fatal myocardial infarction, non-fatal
stroke, and vascular death. Unexpectedly, there was a
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statistically insignificant numerical trend for a reduc-
tion in recurrent ICH with antiplatelet therapy resump-
tion (aHR 0.51, 95% CI 0.25-1.03, p=0.06). Further
reassurance is provided in the RESTART MRI sub-
group analyses that did not demonstrate any treatment
modification according to ICH location, or the pres-
ence and burden of MRI markers of cerebral small
vessel disease, including cerebral microbleeds and cor-
tical superficial siderosis.®’

Pertaining to anticoagulation, after a median of 2.3
years, 6369 persons who had experienced a first-ever
ICH and had resumed taking oral antithrombotics
had significantly reduced risks of death and thrombo-
embolic events without an increased risk of ICH
(HR =0.90, 95% CI 0.44-1.82) compared with persons
who did not receive antithrombotic therapy.’® Similar
results have been reported.”"”? Pooling the results from
eight retrospective studies, Murthy et al.” reported that
there was no significantly increased risk of recurrent
ICH after resumption of anticoagulation therapy
(RR=1.01, 95% CI 0.58-1.77), while the risk of
stroke or MI was significantly lower (RR =0.34, 95%
CI 0.25-0.45). Similar net benefit seems to generalize to
higher risk patients with lobar ICH and may generalize
to those with CAA.”* However, confounding by

indication limits the interpretation of these observa-
tional studies. In the Canadian-led NASPAF-ICH
trial presented at the 2020 International Stroke
Conference, there was only one primary outcome of
recurrent ICH and/or ischemic stroke amongst 30 par-
ticipants with atrial fibrillation and previous ICH ran-
domized (2:1) to standard dosing non-vitamin K
antagonist oral anticoagulant (NOAC) therapy or
aspirin 81 mg daily over mean follow-up of 1.53 years
(SD 0.54). This event was an ischemic stroke occurring
in a patient with temporary discontinuation of assigned
aspirin therapy due to a major genitourinary hemor-
rhage. There was no recurrent ICH in either arm of
the study. All participants had close home blood pres-
sure monitoring to ensure target <130/80mm Hg.
These preliminary results are being investigated further
in ongoing randomized trials.”

The issue of timing of resumption of antithrombotics
is not certain. Literature-based estimates on the ideal
timing of resumption of anticoagulants have ranged
broadly between 3 days and 30 weeks following
ICH.”*7>7% Literature supporting time windows
beyond eight weeks come from datasets with overrepre-
sentation of recurrent subdural hemorrhages and rela-
tively few recurrent spontaneous ICH.®!

Section 3: Recommendations

3.1. Risk assessment

information.

Level B).

Clinical considerations for Section 3.1

This section addresses secondary prevention management issues specific to individuals who have experienced an
intracerebral hemorrhage (intraparenchymal and intraventricular hemorrhages). General principles of vascular
health and risk reduction that are addressed in the CSBPR Secondary Prevention of Stroke Module may also
apply to this population where they are non-specific to stroke type. The topics included here may overlap with
the broader prevention module where they may have different levels of evidence available.

i. Persons at risk of stroke and patients who have had an ICH should be assessed for vascular disease risk
factors (such as diet, sodium intake, waist-to-hip ratio, sedentary lifestyle, alcohol intake, blood pressure,
and smoking) (Evidence Level B). Please refer to theCSBPR Secondary Prevention of Stroke Module for additional

ii. Patients who experience an ICH should be assessed for underlying etiology and risk of recurrence (Evidence

a. The assessment of recurrent risk for an ICH should be based on clinical factors (including age, hyper-
tension, ongoing anticoagulation, and prior lacunar stroke) and neuroimaging (lobar location of index
ICH suggestive of CAA, presence of associated convexal subarachnoid hemorrhage, and presence and
number of cerebral microbleeds and/or cortical superficial siderosis on susceptibility weighted or gra-
dient echo MRI sequences) (Evidence Level B).

Note: Validated risk assessment tools for intracerebral hemorrhage recurrence have not been published.

i. In the absence of tissue diagnosis, probable cerebral amyloid angiopathy can be diagnosed in hospital
populations based on the modified Boston criteria as follows: age >55 years; (and) clinical data and MRI
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demonstrating multiple macro or microhemorrhages restricted to lobar, cortical, or corticosubcortical
regions (cerebellar hemorrhage allowed), or a single lobar, cortical, or corticosubcortical macro- or micro-
hemorrhage and cortical superficial siderosis; (and) absence of other cause of hemorrhage or cortical
superficial siderosis.

3.2. Lifestyle management

i. For individuals with intracerebral hemorrhage, healthcare professionals should recommend increased phys-
ical activity, healthy diet, reductions of alcohol consumption, cessation of smoking, and cessation of cocaine/
amphetamine use where relevant (Evidence Level C). Refer to Section 2 CSBPR Secondary Prevention of Stroke
Module for recommendations on lifestyle management dfter stroke.

Clinical consideration for Section 3.2

i. There is no evidence to restrict air travel in patients’ post-ICH above and beyond routine limitations
following stroke.

3.3. Blood pressure management following intracerebral hemorrhage

i. Long-term, blood pressure should be aggressively monitored, treated, and controlled (Evidence level A) to
sustain a target blood pressure consistently lower than 130/80 mm Hg (Evidence Level B).

ii. For specific agents to manage blood pressure, refer to Hypertension Canada’s current blood pressure man-
agement guidelines.

Clinical considerations for Section 3.3
i. Home blood pressure monitoring devices should be encouraged to achieve blood pressure targets.
3.4. Antithrombotic therapy following intracerebral hemorrhage

i. In ICH patients with an indication for anticoagulant treatment, the decision to initiate or resume antic-
oagulation should be individualized according to the patient’s risk of recurrent hemorrhage and thrombo-
embolism (Evidence Level C).

ii. If anticoagulation is deemed necessary and where DOAC treatment is indicated (i.e. atrial fibrillation),
DOAC therapy is favored over warfarin. This is based, however, primarily on their reduced rates of ICH
in atrial fibrillation randomized trials where ICH patients were excluded (Evidence Level B).

a. DOAGC:s should not be used in patients with mechanical heart valves and intracerebral hemorrhage
(Evidence Level B).
iii. Where indicated, antiplatelet monotherapy can be considered in patients deemed too high risk for antic-
oagulation (Evidence Level B).
iv. In patients with an indication for continued antiplatelet treatment, resuming antiplatelet therapy is reason-
able (Evidence Level B).

v.  The optimal timing and strategy regarding antithrombotic therapy (antiplatelet or anticoagulant) following an

intracerebral hemorrhage is uncertain and should be individualized to the patient (Evidence Level C).

Clinical consideration for Section 3.4

i. Consultation with experts in cerebrovascular disease may assist in clinical decision-making regarding antith-
rombotic therapy following ICH.

ii. Randomized trials are ongoing regarding the net benefit and safety of DOAC therapy and left atrial append-
age closure in patients with ICH and atrial fibrillation. These patients should be assessed by an expert in
cerebrovascular diseases if possible to support decision-making on management.
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3.5. Statin therapy in intracerebral hemorrhage

i. There is no role for statin therapy in the secondary prevention of ICH. Statin therapy should not be initiated
for secondary prevention of intracerebral hemorrhage (Evidence Level C).

ii. For intracerebral hemorrhage patients who have a clear concomitant indication for cholesterol lowering
treatment, statin therapy should be individualized and should take into account the patient’s overall throm-
botic risk as well as the possibility of increased ICH risk with statin therapy (Evidence Level C). Refer to
CSBPR Prevention of Stroke module section 4 on Lipid Management for additional information.

Clinical considerations for Section 3.5

i. An ongoing clinical trial (SATURN) addressing this question may potentially inform clinical decision-making
for these patients. Until these results are available, decisions regarding statin therapy should be made based
on risk/benefit ratio in consultation with an expert in cerebrovascular disease.

3.6. Functional assessment

i. Following an ICH, patients should be assessed for neurological impairments and functional limitations when
appropriate (e.g. cognitive evaluation, screening for depression, screening of fitness to drive, need for
potential rehabilitation therapy, and assistance with activities of daily living), especially for patients who
are not admitted to hospital (Evidence Level C). Refer to CSBPR Rehabilitation Module Recommendations 5.1
and 5.6 for additional information.

ii. Patients found to have any continued or new neurological impairments and functional limitations should be
referred to the appropriate rehabilitation specialist for in-depth assessment and ongoing management

(Evidence Level C).

Summary

Intracerebral hemorrhage is less common than ischemic
stroke yet has a disproportionally higher rate of mor-
tality. Among survivors, there is also a higher and
longer-term burden of ongoing disability, leading to
greater challenges with quality of life, mental health,
social networks, and increased informal caregiver
demands. Emerging research suggests that delayed
recovery is possible in intracerebral hemorrhage sur-
vivors, suggesting a wider window for rehabilitation
interventions.>”’”#" Stroke systems of care need to
take these differences into account and ensure that suf-
ficient services are available in acute care, rehabilitation
facilities, and in the community, with staff trained to
anticipate and appropriately address challenges for this
unique population.

The 2020 update of the Canadian Stroke Best
Practice Recommendations. Management of Spontaneous
Intracerebral ~ Hemorrhage provides a set of
evidence-based statements developed for healthcare
professionals and system leaders to help guide the
rehabilitation process post-stroke across settings and
to ensure that the necessary structures and resources
are in place. The Canadian Stroke Best Practice
Recommendations continue to be a work in progress.
They are regularly updated every two to three years,

whereby new recommendations are created and old
ones revised or deleted, in response to new evidence.

Acknowledgements

Heart & Stroke gratefully acknowledges the Management of
Spontaneous Intracerebral Hemorrhage writing group leaders
and members all of whom have volunteered their time and
expertise to the update of these recommendations. Members
of the Canadian Stroke Consortium and the Canadian
Hemorrhagic Stroke Trials Initiative (CoHESIVE; www.
phri.ca/cohesive/) were involved in all aspects of the develop-
ment of these recommendations. These recommendations
underwent external review by Aleksandra Pikula, Rustam
Al-Shahi Salman, Steven Greenberg, Lisa Groulx, Carlos S
Kase, Jeffrey Perry, Madgy Selim, Samuel Shulman, Judy
Sherman, Sean Sopher, Catherine Varner, and Wendy Ziai.
We thank the Canadian Stroke Best Practices Advisory

Committee members, including Eric Smith, Anita
Mountain, Leanne Casaubon, Gord Gubitz, Dar
Dowlatshahi, Dylan Blacquiere, Thalia Field, Farrell

Leibovitch, Christine Papoushek, Jeffrey Habert, Barbara
Campbell, Joyce Fung, Michael Hill, Tim Hillier, Thomas
Jeerakathil, Eddy Lang, Pascale Lavoie, Beth Linkewich,
Colleen O’Connell, Melanie Penn, Jai Shankar, Debbie
Timpson, Theodore Wein, and Katie White. We acknowledge
and thank Norine Foley and the evidence analysis team at
workHORSE; Laurie Charest and Andrea de Jong of Heart
& Stroke for coordination of the CSBPR teams and processes;
engagement of people living with stroke who participate in

International Journal of Stroke, 0(0)


www.phri.ca/cohesive/
www.phri.ca/cohesive/

18

International Journal of Stroke 0(0)

guideline  development; and the Heart &  Stroke
Communications and Digital internal teams who contributed
to the development of these recommendations and publication.

Authors’ contribution
Ashkan Shoamanesh (First author) and Laura C Gioia

(Senior Author) are co-chairs of the Management of

Spontaneous Intracerebral Hemorrhage expert writing group
and lead authors contributing to all aspects of the develop-
ment, evidence and data analysis, writing, editing, and final
approval of this manuscript; M Patrice Lindsay is corres-
ponding author, senior editor of the Canadian Stroke Best
Practice Recommendations and of this manuscript, involved
in all aspects of scientific literature review, writing group
deliberations, external review process, manuscript prepar-
ation, and a writer of supplementary documentation. Lana
A Castellucci, Anne Cayley, Mark Crowther, Kerstin de Wit,
Shane W English, Sharon Hoosein, Thien Huynh, Michael
Kelly, Cian J O’Kelly, Jeane Teitelbaum, and Samuel Yip are
all members of Management of Spontaneous Intracerebral
Hemorrhage expert writing group and contributed by review-
ing, analyzing, and discussing the evidence and collectively
finalizing the wording of all included recommendations.
Norine Foley conducted the evidence searches and completed
the evidence tables and evidence summaries supporting this
guideline update and contributed to writing of this manu-
script. Eric E Smith and Dar Dowlatshahi are senior leaders
of the stroke best practices advisory committee and provided
inputs throughout development of the recommendations and
participated in development, preparation, and editing of this
manuscript. Aleksandra Pikula provided external review to
these guidelines and contributed content related to sex and
gender considerations in ICH. Anita Mountain and Gord
Gubitz provided inputs to sections of these guidelines and
contributed to this manuscript.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or pub-
lication of this article: Ashkan Shoamanesh receives research
funding from Bristol-Myers Squibb, Servier Canada Inc,
Bayer AG, Daiichi Sankyo Company Ltd., and Portola;
Speaker Bureau for Servier Canada Inc and Bayer AG;
Advisory Board member for ApoPharma Inc, Bristol-Myers
Squibb, Servier Canada Inc, Bayer AG, Daiichi Sankyo
Company Ltd. Laura C Gioia received speaker’s honoraria
from Bayer, BMS-Pfizer, Servier; and is involved in patient
recruitment for NASPAF-ICH, ENRICH-AF, ESCAPE
NAI1. Lana Castellucci received speaker’s honoraria from
Bayer, BMS-Pfizer, LEO Pharma, Sanofi, Servier. Kerstin
de Wit holds a research grant from Bayer. Michael Kelly is
on the Speaker Bureau for Medtronic Inc and Penumbra Inc.
Cian O’Kelly is site sub-principal investigator for REACT.
Gord Gubitz is a research collaborator for ESCAPE-NAI.
Anita Mountain is a clinical trial site Principal Investigator
for Brain Canada and the Canadian Partnership for Stroke
Recovery research grants. Eric E Smith receives royalties for
UpToDate and consulting services for Biogen, Alnylam, and

Javelin Medica. The CoHESIVE Network receives sponsor-
ship from Bayer AG, Bristol-Myers Squibb, and Servier
Canada Inc. Mark Crowther has been a member of advisory
boards for BMS Canada (Sept 2017), CSL Behring (Sept
2017), Servier (Dec 2018), Asahi Kasei (Dec 2018),
Precision Biologics (Nov 2019), and Hemostasis Reference
Lab (ongoing); he has received funding from McMaster
University (ongoing), University of Pennsylvania (May
2018), Thrombosis & Haemostasis Society of North
America (May 2018), Blood Systems Inc (July 2018), St.
Joseph’s Healthcare Hamilton (July 2018), Illinois
Association of Blood Banks (May 2019), American Society
of Hematology (July 2019), Population Health Research
Institute (Oct 2019), London Health Sciences Centre (Oct
2019), Antibody Communication (Oct 2019),
The Anticoagulant Forum (Nov 2019), The Nova Scotia
Health Authority (Nov 2019), The Canadian Medical
Protective Association (ongoing), UpToDate (ongoing), and
American Society of Hematology (June 2020).

The remaining authors have no conflicts of interest to
declare: M Patrice Lindsay, Anne Cayley, Shane W.
English, Sharon Hoosein, Thien Huynh, Jeanne Teitelbaum,
Samuel Yip, Norine Foley, Dar Dowlatshahi, and
Aleksandra Pikula.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship and/or publication of this
article: The development of the Canadian Stroke Best
Practice Recommendations is funded in its entirety by the
Heart and Stroke Foundation, Canada. No funds for the
development of these guidelines come from commercial inter-
ests, including pharmaceutical and device companies. All
members of the recommendation writing groups and external
reviewers are volunteers and do not receive any remuneration
for participation in guideline development, updates and
reviews. All participants complete a conflict of interest dec-
laration prior to participation.

ORCID iDs

Ashkan Shoamanesh (Co-chair) @ https://orcid.org/0000-
0002-2802-1626

M Patrice Lindsay @ https://orcid.org/0000-0002-2584-8580
Dar Dowlatshahi @ https://orcid.org/0000-0003-1379-3612
Gord Gubitz ® https://orcid.org/0000-0001-7999-7728

References

1. Krishnamurthi RV, Moran AE, Forouzanfar MH, et al.
The global burden of hemorrhagic stroke: a summary of
findings from the GBD 2010 study. Glob Heart 2014; 9:
101-106.

2. Feigin VL, Norrving B and Mensah GA. Global burden
of stroke. Circul Res 2017; 120: 439-448.

3. Canadian Stroke Best Practices Technical Document:
Stroke performance indicators 2019. Heart and Stroke
Foundation of Canada.

International Journal of Stroke, 0(0)


https://orcid.org/0000-0002-2802-1626
https://orcid.org/0000-0002-2802-1626
https://orcid.org/0000-0002-2802-1626
https://orcid.org/0000-0002-2584-8580
https://orcid.org/0000-0002-2584-8580
https://orcid.org/0000-0003-1379-3612
https://orcid.org/0000-0003-1379-3612
https://orcid.org/0000-0001-7999-7728
https://orcid.org/0000-0001-7999-7728

Shoamanesh et al.

19

4,

10.

11.

12.

13.

14.

16.

17.

Goeree R, Blackhouse G, Petrovic R and Salama S. Cost
of stroke in Canada: a l-year prospective study. J Med
Econ 2008; 8: 147-167.

. Specogna AV, Patten SB, Turin TC and Hill MD. Cost of

spontaneous intracerebral hemorrhage in Canada during
1 decade. Stroke 2014; 45: 284-286.

. Specogna AV, Turin TC, Patten SB and Hill MD.

Hospital treatment costs and length of stay associated
with hypertension and multimorbidity after hemorrhagic
stroke. BMC Neurol 2017; 17: 158.

. Parry-Jones AR, Sammut-Powell C, Paroutoglou K,

et al. An intracerebral hemorrhage care bundle is asso-
ciated with lower case fatality. 4Ann Neurol 2019; 86:
495-503.

. Guyatt GH, Cook DJ, Jaeschke R, et al. Grades of rec-

ommendation for antithrombotic agents: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition). Chest 2008; 133(6
Suppl): 123s—131s.

. Chalela JA, Kidwell CS, Nentwich LM, et al. Magnetic

resonance imaging and computed tomography in emer-
gency assessment of patients with suspected acute stroke:
a prospective comparison. Lancet (London, England)
2007; 369: 293-298.

Fiebach JB, Schellinger PD, Gass A, et al. Stroke mag-
netic resonance imaging is accurate in hyperacute intra-
cerebral hemorrhage: a multicenter study on the validity
of stroke imaging. Stroke 2004; 35: 502-506.

van Asch CJ, Velthuis BK, Rinkel GJ, et al. Diagnostic
yield and accuracy of CT angiography, MR angiography,
and DSA for detection of macrovascular causes of intra-
cerebral haemorrhage: prospective, multicentre cohort
study. BMJ 2015; 351: h5762.

Delgado Almandoz JE, Schaefer PW, Forero NP, Falla
JR, Gonzalez RG and Romero JM. Diagnostic accuracy
and yield of multidetector CT angiography in the evalu-
ation of spontaneous intraparenchymal cerebral hemor-
rhage. Am J Neuroradiol 2009; 30: 1213-1221.

Wilson D, Ogungbemi A, Ambler G, et al. Developing an
algorithm to identify patients with intracerebral haemor-
rhage secondary to a macrovascular cause. Eur Stroke J
2017; 2: 369-376.

Dowlatshahi D, Demchuk AM, Flaherty ML, et al.
Defining hematoma expansion in intracerebral hemor-
rhage: relationship with patient outcomes. Neurology
2011; 76: 1238-1244.

. Demchuk AM, Dowlatshahi D, Rodriguez-Luna D, et al.

Prediction of haematoma growth and outcome in patients
with intracerebral haemorrhage using the
CT-angiography spot sign (PREDICT): a prospective
observational study. Lancet Neurol 2012; 11: 307-314.
Al-Shahi Salman R, Frantzias J, Lee RJ, et al. Absolute
risk and predictors of the growth of acute spontaneous
intracerebral haemorrhage: a systematic review and meta-
analysis of individual patient data. Lancet Neurol 2018;
17: 885-894.

Qureshi Al, Palesch YY, Barsan WG, et al. Intensive
blood-pressure lowering in patients with acute cerebral
hemorrhage. New Engl J Med 2016; 375: 1033-1043.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Leasure AC, Qureshi Al, Murthy SB, et al. Association
of intensive blood pressure reduction with risk of hema-
toma expansion in patients with deep intracerebral hem-
orrhage. JAM A Neurol 2019; 76: 949-955.

Anderson CS, Heeley E, Huang Y, et al. Rapid blood-
pressure lowering in patients with acute intracerebral
hemorrhage. New Engl J Med 2013; 368: 2355-2365.
Moullaali TJ, Wang X, Martin RH, et al. Blood pressure
control and clinical outcomes in acute intracerebral
haemorrhage: a preplanned pooled analysis of individual
participant data. Lancet Neurol 2019; 18: 857-864.
Gladstone DJ, Aviv RI, Demchuk AM, et al. Effect of
recombinant activated coagulation factor vii on hemor-
rhage expansion among patients with spot sign-positive
acute intracerebral hemorrhage: the spotlight and stop-it
randomized clinical trials. JAMA Neurol 2019; 76(12):
1493-1501. doi:10.1001/jamaneurol.2019.2636.

Mayer SA, Brun NC, Begtrup K, et al. Recombinant
activated factor VII for acute intracerebral hemorrhage.
New Engl J Med 2005; 352: 777-785.

Mayer SA, Brun NC, Begtrup K, et al. Efficacy and
safety of recombinant activated factor VII for acute intra-
cerebral hemorrhage. New Engl J Med 2008; 358:
2127-2137.

Al-Shahi Salman R, Law ZK, Bath PM, Steiner T and
Sprigg N. Haemostatic therapies for acute spontaneous
intracerebral haemorrhage. Cochrane Database Syst Rev
2018; 4(4): CDO005951. doi: 10.1002/
14651858.CD005951.pub4.

Sprigg N, Flaherty K, Appleton JP, et al. Tranexamic
acid for hyperacute primary IntraCerebral
Haemorrhage (TICH-2): an international randomised,
placebo-controlled, phase 3 superiority trial. Lancet
( London, England) 2018; 391: 2107-2115.

Steiner T, Poli S, Griebe M, et al. Fresh frozen plasma
versus prothrombin complex concentrate in patients with
intracranial haemorrhage related to vitamin K antagon-
ists (INCH): a randomised trial. Lancet Neurol 2016; 15:
566-573.

Pollack Jr CV, Reilly PA, Eikelboom J, et al.
Idarucizumab for dabigatran reversal. New Engl J Med
2015; 373: 511-520.

Connolly SJ, Crowther M, Eikelboom JW, et al. Full
study report of andexanet alfa for bleeding associated
with factor Xa inhibitors. New Engl J Med 2019; 380:
1326-1335.

Gross BA, Jankowitz BT and Friedlander RM. Cerebral
intraparenchymal hemorrhage: a review. JAMA 2019;
321: 1295-1303.

de Oliveira Manoel AL. Surgery for spontaneous intra-
cerebral hemorrhage. Crit Care 2020; 24: 45.

Prasad K, Mendelow AD and Gregson B. Surgery for
primary supratentorial intracerebral haemorrhage.
Cochrane Database Syst Rev 2008; (4): CD000200. doi:
10.1002/14651858.CD000200.pub?2.

Mendelow AD, Gregson BA, Fernandes HM, et al. Early
surgery versus initial conservative treatment in patients
with spontaneous supratentorial intracerebral haema-
tomas in the International Surgical Trial in

International Journal of Stroke, 0(0)




20

International Journal of Stroke 0(0)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Intracerebral Haemorrhage (STICH): a randomised trial.
Lancet ( London, England) 2005; 365: 387-397.
Mendelow AD, Gregson BA, Rowan EN, Murray GD,
Gholkar A and Mitchell PM. Early surgery versus initial
conservative treatment in patients with spontaneous
supratentorial lobar intracerebral haematomas (STICH
11): a randomised trial. Lancet (London, England) 2013;
382: 397-408.

Xia Z, Wu X, Li J, et al. Minimally invasive surgery is
superior to conventional craniotomy in patients with
spontaneous supratentorial intracerebral hemorrhage: a
systematic review and meta-analysis. World Neurosurg
2018; 115: 266-273.

Scaggiante J, Zhang X, Mocco J and Kellner CP.
Minimally invasive surgery for intracerebral hemorrhage.
Stroke 2018; 49: 2612-2620.

Zhou X, Chen J, Li Q, et al. Minimally invasive surgery
for spontaneous supratentorial intracerebral hemorrhage:
a meta-analysis of randomized controlled trials. Stroke
2012; 43: 2923-2930.

Hanley DF, Thompson RE, Rosenblum M, et al.
Efficacy and safety of minimally invasive surgery with
thrombolysis in intracerebral haemorrhage evacuation
(MISTIE III): a randomised, controlled, open-label,
blinded endpoint phase 3 trial. Lancet (London,
England) 2019; 393: 1021-1032.

Sahni R and Weinberger J. Management of intracerebral
hemorrhage. Vasc Health Risk Manag 2007; 3: 701-709.
Langhorne P, Fearon P, Ronning OM, et al. Stroke unit
care benefits patients with intracerebral hemorrhage: sys-
tematic review and meta-analysis. Stroke 2013; 44:
3044-3049.

Diringer MN and Edwards DF. Admission to a neuro-
logic/neurosurgical intensive care unit is associated with
reduced mortality rate after intracerebral hemorrhage.
Crit Care Med 2001; 29: 635-640.

Ungerer MN, Ringleb P, Reuter B, et al. Stroke unit
admission is associated with better outcome and lower
mortality in patients with intracerebral hemorrhage. Eur
J Neurol 2020; 27. 825-832. https://doi.org/10.1111/
ene.14164.

Ronning OM, Guldvog B and Stavem K. The benefit of
an acute stroke unit in patients with intracranial haem-
orrhage: a controlled trial. J Neurol Neurosurg Psychiatry
2001; 70: 631-634.

Cherian LJ, Smith EE, Schwamm LH, et al. Current
practice trends for use of early venous thromboembolism
prophylaxis after intracerebral hemorrhage.
Neurosurgery 2018; 82: 8§5-92.

Dennis M, Sandercock P, Graham C, Forbes I,
Collaboration CT and Smith J. The Clots in Legs Or
sTockings after Stroke (CLOTS) 3 trial: a randomised
controlled trial to determine whether or not intermittent
pneumatic compression reduces the risk of post-stroke
deep vein thrombosis and to estimate its cost-effective-
ness. Health Technol Assess 2015; 19: 1-90.

Paciaroni M, Agnelli G, Venti M, Alberti A, Acciarresi
M and Caso V. Efficacy and safety of anticoagulants in
the prevention of venous thromboembolism in patients

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

with acute cerebral hemorrhage: a meta-analysis of con-
trolled studies. J Thromb Haemost 2011; 9: 893-898.
Boeer A, Voth E, Henze T, et al. Early heparin therapy in
patients with spontaneous intracerebral haemorrhage.
J Neurol Neurosurg Psychiatr 1991; 54: 466-467.

lanosi B, Gaasch M, Rass V, et al. Early throm-
bosis prophylaxis with enoxaparin is not associated
with hematoma expansion in patients with spontaneous
intracerebral hemorrhage. Eur J Neurol 2019; 26:
333-341.

Tetri S, Hakala J, Juvela S, et al. Safety of low-dose sub-
cutaneous enoxaparin for the prevention of venous
thromboembolism after primary intracerebral haemor-
rhage. Thromb Res 2008; 123: 206-212.

Qian C, Lopponen P, Tetri S, et al. Immediate, early and
late seizures after primary intracerebral hemorrhage.
Epilepsy Res 2014; 108: 732-739.

Garrett MC, Komotar RJ, Starke RM, Merkow MB,
Otten ML and Connolly ES. Predictors of seizure onset
after intracerebral hemorrhage and the role of long-term
antiepileptic therapy. J Crit Care 2009; 24: 335-339.
Angriman F, Tirupakuzhi Vijayaraghavan BK, Dragoi L,
Lopez Soto C, Chapman M and Scales DC. Antiepileptic
drugs to prevent seizures after spontaneous intracerebral
hemorrhage. Stroke 2019; 50: 1095-1099.

Messé SR, Sansing LH, Cucchiara BL, et al. Prophylactic
antiepileptic drug use is associated with poor outcome
following ICH. Neurocrit Care 2009; 11: 38-44.
Anderson CS, Arima H, Lavados P, et al. Cluster-rando-
mized, crossover trial of head positioning in acute stroke.
New Engl J Med 2017; 376: 2437-2447.

Alexandrov AW, Tsivgoulis G, Hill MD, et al.
HeadPoST: rightly positioned, or flat out wrong?
Neurology 2018; 90: 885-889.

O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and
regional effects of potentially modifiable risk factors
associated with acute stroke in 32 countries
(INTERSTROKE): a case-control study. Lancet
(London, England) 2016; 388: 761-775.

O’Donnell MJ, Xavier D, Liu L, et al. Risk factors for
ischaemic and intracerebral haemorrhagic stroke in 22
countries (the INTERSTROKE study): a case-control
study. Lancet (London, England) 2010; 376: 112—123.
Zhang C, Qin Y-Y, Chen Q, et al. Alcohol intake and risk
of stroke: a dose-response meta-analysis of prospective
studies. Int J Cardiol 2014; 174: 669-677.

Biffi A, Anderson CD, Battey TWK, et al. Association
between blood pressure control and risk of recurrent
intracerebral hemorrhage. JAM A 2015; 314: 904-912.
Group SPSS, Benavente OR, Coffey CS, et al. Blood-
pressure targets in patients with recent lacunar stroke:
the SPS3 randomised trial. Lancet (London, England)
2013; 382: 507-515.

Arima H, Tzourio C, Anderson C, et al. Effects of peri-
ndopril-based lowering of blood pressure on intracerebral
hemorrhage related to amyloid angiopathy: the
PROGRESS trial. Stroke 2010; 41: 394-396.

Amarenco P and Labreuche J. Lipid management in the
prevention of stroke: review and updated meta-analysis

International Journal of Stroke, 0(0)



Shoamanesh et al.

21

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

of statins for stroke prevention. Lancet Neurol 2009; 8:
453-463.

Amarenco P, Bogousslavsky J, Callahan A III, et al.
High-dose atorvastatin after stroke or transient ischemic
attack. New Engl J Med 2006; 355: 549-559.

McKinney JS and Kostis WJ. Statin therapy and the risk
of intracerebral hemorrhage: a meta-analysis of 31 ran-
domized controlled trials. Stroke 2012; 43: 2149-2156.
Ziff OJ, Banerjee G, Ambler G, et al. Statins and the risk
of intracerebral haemorrhage in patients with stroke: sys-
tematic review and meta-analysis. J Neurol Neurosurg
Psychiatr 2019; 90: 75-83.

Ribe AR, Vestergaard CH, Vestergaard M, et al. Statins
and risk of intracerebral haemorrhage in a stroke-free
population: a nationwide Danish propensity score
matched cohort study. EClin Med 2019; 8: 78-84.
Goldstein LB, Amarenco P, Szarek M, et al.
Hemorrhagic stroke in the stroke prevention by aggres-
sive reduction in cholesterol levels study. Neurology 2008;
70(24, Pt 2): 2364-2370.

Proietti M, Romiti GF, Romanazzi I, et al. Restarting
oral anticoagulant therapy after major bleeding in atrial
fibrillation: a systematic review and meta-analysis. Int J
Cardiol 2018; 261: 84-91.

Effects of antiplatelet therapy after stroke due to intra-
cerebral haemorrhage (RESTART): a randomised,
open-label trial. Lancet (London, England) 2019; 393:
2613-2623.

Al-Shahi Salman R, Minks DP, Mitra D, et al. Effects of
antiplatelet therapy on stroke risk by brain imaging fea-
tures of intracerebral haemorrhage and cerebral small
vessel diseases: subgroup analyses of the RESTART ran-
domised, open-label trial. Lancet Neurol 2019; 18:
643-652.

Ottosen TP, Grijota M, Hansen ML, et al. Use of antith-
rombotic therapy and long-term clinical outcome among
patients surviving intracerebral hemorrhage. Stroke 2016;
47: 1837-1843.

Kuramatsu JB, Gerner ST, Schellinger PD, et al.
Anticoagulant reversal, blood pressure levels, and anti-
coagulant resumption in patients with anticoagulation-

72.

73.

74.

75.

76.

77.

78.

79.

80.

related intracerebral hemorrhage. JAMA 2015; 313:
824-836.

Nielsen PB, Larsen TB, Skjoth F Gorst-Rasmussen A,
Rasmussen LH and Lip GYH. Restarting anticoagulant
treatment after intracranial hemorrhage in patients with
atrial fibrillation and the impact on recurrent stroke,
mortality, and bleeding: a nationwide cohort study.
Circulation 2015; 132: 517-525.

Murthy SB, Gupta A, Merkler AE, et al. Restarting anti-
coagulant therapy after intracranial hemorrhage: a sys-
tematic review and meta-analysis. Stroke 2017; 48:
1594-1600.

Biffi A, Kuramatsu JB, Leasure A, et al. Oral anticoagu-
lation and functional outcome after intracerebral hemor-
rhage. Ann Neurol 2017; 82: 755-765.

Shoamanesh A, Charidimou A and Sheth KN. Comorbid
atrial fibrillation in cerebral amyloid angiopathyrelated
intracerebral hemorrhage: between a rock and a hard
place. J Stroke Cerebrovasc Dis 2019; 28: 104351.
Pennlert J, Overholser R, Asplund K, et al. Optimal
timing of anticoagulant treatment after intracerebral
hemorrhage in patients with atrial fibrillation. Stroke
2017; 48: 314-320.

Wei JW, Heeley EL, Wang JG, et al. Comparison of
recovery patterns and prognostic indicators for ischemic
and hemorrhagic stroke in China: the ChinaQUEST
(QUality Evaluation of Stroke Care and Treatment)
Registry study. Stroke 2010; 41: 1877-1883.

Bhalla A, Wang Y, Rudd A and Wolfe CDA. Differences
in outcome and predictors between ischemic and intracer-
ebral hemorrhage: the South London Stroke Register.
Stroke 2013; 44: 2174-2181.

Sreekrishnan A, Leasure AC, Shi FD, et al. Functional
improvement among intracerebral hemorrhage (ICH)
survivors up to 12 months post-injury. Neurocritical
care 2017; 27: 326-333.

Selim M, Foster LD, Moy CS, et al. Deferoxamine mesy-
late in patients with intracerebral haemorrhage (i-DEF):
a multicentre, randomised, placebo-controlled, double-
blind phase 2 trial. The Lancet Neurology 2019; 18:
428-438.

International Journal of Stroke, 0(0)




