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Intracerebral hemorrhage (ICH) accounts for only 10 to 15% of all strokes but remains 
a significant cause of morbidity and mortality. Despite lengthy stays in critical care 
units, only one-half of those experiencing an ICH survive after 30 days, and those 
who do are often left with considerable disability. Treatment has traditionally focused 
on minimizing the hemorrhage expansion and reducing clot volume through both 
medical and surgical means. Management of ICH is a complex and multidisciplinary 
process. This review will discuss a few common etiologies, explore the pathophysi-
ology of secondary neuronal injury after ICH, review the basics of ICH imaging with 
computed tomography and magnetic resonance imaging, and highlight latest prac-
tices in medical and surgical management. Secondary injury mechanisms such as 
perihematomal edema and disordered cerebral autoregulation are discussed as poten-
tial targets for new treatment modalities. Emergent treatment in the “golden hour” 
after ictus provides a template of measures to adopt from initial contact with emer-
gency medical services, to the emergency department, and thereafter, triage to the 
intensive care unit. Medical management including blood pressure control, hemostasis, 
and coagulopathy reversal are discussed and evidence from trials such as INTERACT 2, 
ATACH 2, and ANNEXA-4 are given a clinical context. Surgical management including 
intracranial pressure monitoring, surgical evacuation with open craniotomy, and 
minimally invasive approaches such as stereotactic-guided aspiration and thrombol-
ysis, ultrasound-induced thrombolysis, image-guided stereotactic endoscopic aspira-
tion, and stereotactic ICH underwater blood aspiration are enumerated. The outcomes 
and relevance of STICH, MISTIE, and CLEAR trials to present surgical care are elabo-
rated. The review summarizes the current guidelines for the treatment of ICH and the 
latest literature in the field they are based upon. It aims to provide a concise article 
beneficial to the emergency physicians and neurointensivists/neuroanesthesiologists.
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Introduction
Although intracerebral hemorrhage (ICH) accounts for only 
10 to 15% of all strokes, it remains a significant cause of 

morbidity and mortality, with severe long-term disability.1 
The prevalence of ICH is increasing, particularly in developing 
countries, exacerbated by increases in hypertension (HTN), 
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anticoagulant use, and amyloid angiopathy in aging pop-
ulations.2–7 Despite lengthy stays in critical care units, only 
one-half of those experiencing an ICH survive after 30 days, 
and those who do are often left with considerable disability.6

Treatment of ICH has traditionally focused on mini-
mizing hemorrhage expansion and reducing clot volume 
through both medical and surgical means.8 Despite being 
the second-most common stroke subtype, it remains the 
last form of stroke without a specific therapy.3 This article 
aims to introduce the most common types of ICH, describe 
the pathophysiology of secondary neurological injury after 
bleeding, and briefly discuss the emergency and intensive 
care management of the ICH patient, with special emphasis 
on evidence-based medical management and surgical tech-
niques for the primary treatment of the ICH. While the topic 
of ICH is vast, this review aims to acquaint the emergency 
physicians and neurointensivists/neuroanesthesiologists to 
the latest evidence and guidelines for the management of 
ICH. This article is by no means comprehensive in its cover-
age, with the authors’ aim for it to be a succinct review only.

Etiology of Intracerebral Hemorrhage
Primary ICH is defined as an ICH in the absence of a clear 
underlying lesion. ICH occurs after rupture of an intrapa-
renchymal vessel in the brain, the mechanisms for which 
can be disparate. The etiology of ICH must be determined by 
exclusion of secondary causes by a thorough investigation. 
We briefly examine three common etiologies encountered in 
clinical practice.

Hypertensive vasculopathy: Hypertensive bleeding com-
prises over 80% of ICH etiologies.9 HTN is the strongest risk 
factor for ICH. Using pooled data from 22 separate countries 
including India, HTN has been reported to account for 74% 
of the population susceptible to risk, and considered as the 
primary cause.10 Chronic HTN causes lipohyalinosis of small 
intraparenchymal arterioles and leads to the development of 
Charcot–Bouchard microaneurysms. Development of these 
aneurysms is thought to promote hypertensive ICH. These 
hemorrhages classically involve the rupture of small lipohya-
linized vessels within the basal ganglia, thalamus, cerebellum, 
and pons.11,12 Though the anatomical location of Charcot–
Bouchard aneurysms supports their role in the development 
of ICH, their causal relationship remains uncertain.

Cerebral amyloid angiopathy: Cerebral amyloid angiopathy 
(CAA) is the result of β-amyloid deposition in the walls of the 
cerebral vessels, especially the medium and small arteries 
in the cortex and leptomeninges.13 Because the preferen-
tially affected vessels tend to be superficial, ICH due to CAA 
is predominantly lobar. CAA should be suspected in elderly 
patients with recurrent or simultaneous lobar ICH.14 It is also 
frequently associated with Alzheimer’s dementia, in whom 
83% will have evidence of CAA on autopsy, the severity of 
CAA correlating with the likelihood of ICH.15

Antithrombotic-related ICH: Bleeding disorders due to 
primary abnormalities of anticoagulation are rare causes 
of ICH, but antithrombotic-related cases account for up to 
14% of ICH.16 Treatment with oral anticoagulants increases 

the risk of ICH by 7- to 11-fold compared to otherwise sim-
ilar individuals not receiving anticoagulation.16 Similarly, 
treatment of acute ischemic stroke with recombinant tissue 
plasminogen activator (rt-PA) increases the risk by 10-fold in 
comparison to placebo.17 Because people on anticoagulation 
are also more likely to be elderly, angiopathies such as CAA 
may also play a causal role.18 (►Table 1)

Pathophysiology of Secondary Neurological 
Injury
Independent of the primary cause of ICH, secondary injury 
from the presence of parenchymal blood mediates further neu-
rological injury. Perihematomal edema and disordered cerebral 
autoregulation resulting in delayed ischemia are two areas of 
ICH pathophysiology that lend themselves to further study, 
importantly as possible targets to prevent secondary injury.7

Perihematomal edema: Perihematomal edema (PHE) is 
the formation of edema around the original hematoma, and 
serves as a radiological manifestation of secondary injury. 
The edema itself forms as a multipart process evolving from 
the time of initial hemorrhage. Early PHE starts as hematoma 
retraction and hematomal hydrostatic pressure changes, 
forcing serum into the perihematomal space. Late PHE 
develops from thrombin formation, hemolysis of red blood 
cells, and hemoglobin toxicity. This leads to complement 
activation, plasma protein leakage, and blood–brain barrier 
disruption.19,20 PHE is clinically significant, contributing not 
only to increased mass effect, but also to progressive tissue 
injury and poorer neurological outcomes after ICH.21 Earlier 
studies on PHE and outcomes were limited due to differences 
in outcome measures, imaging time points, and PHE assess-
ment parameters.22 From more recent studies, both baseline 
PHE and rate of PHE expansion have significant impact on 
neurological morbidity. A pooled analysis of the INTERACT 1 
and 2 trials assessed PHE as the interval increase in absolute 

Table 1 Causes of intracerebral hemorrhage

Causes of intracerebral hemorrhage

Hypertensive vasculopathy

Aneurysmal rupture

Coagulopathy

Cerebral amyloid angiopathy

Intracranial neoplasm

Hemorrhagic transformation of infarct

Cerebral venous sinus thrombosis

Moyamoya disease

Vascular malformation

Traumatic brain injury

Vasculitis

Infection

Sympathomimetic drug abuse

Reversible cerebral vasoconstriction syndrome

Septic embolism mycotic aneurysm
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volume during 24 hours and reported a significant associ-
ation with poor outcomes.23 Similarly, a retrospective sin-
gle-center study of 139 patients found that PHE expansion 
rate between admission and 24 hours was a significant pre-
dictor of poor functional outcome and 90-day mortality.24,25 
More recently, the time interval for PHE assessment has been 
extended. The larger VISTA study of 596 patients with ICH 
assessed the effect of PHE volume expansion in the first 72 
hours on functional outcome, with a subgroup analysis based 
on ICH location. The 72-hour PHE expansion was associat-
ed with significantly greater odds of poor neurological out-
come, particularly in basal ganglia hematomas.21 The 2017 
Helsinki ICH study also confirmed that patients with faster 
PHE growth at 72 hours had increased midline shift as well as 
higher rates of herniation and 6-month mortality.26

Magnetic resonance imaging (MRI) is the preferred modal-
ity for assessing PHE, as delineation of PHE border zones on 
computed tomography (CT) can be particularly difficult in 
patients with periventricular leukoaraiosis. The time course 
of PHE is variable—edema may form as early as a few hours, 
evolve over 1 to 2 weeks, and persist as long as a month.27 A 
small prospective study measuring PHE by MRI found PHE to 
have its fastest growth within the first 48 hours after hem-
orrhage, and reaching its maximum volume in an average 
of 12 days after the onset. Factors in delayed PHE include 
hyperglycemia, coagulation factors, and hematoma volume.22 
Hematoma volume is thought to be a particular risk factor 
for delayed PHE as brain parenchyma is exposed to a higher 
burden of erythrocyte degradation products over time.28

Due to its impact on secondary injury, PHE is a target for 
therapeutic intervention in ICH. Studies on PHE evolution 
suggest interventions targeting PHE should be initiated early 
and maintained over the first 3 to 7 days as possible.26,28

Disordered cerebral autoregulation and secondary isch-
emia in ICH: Disordered cerebral autoregulation (CA) and 
secondary ischemia in ICH too is an important cause for fur-
ther secondary injury.29 Remote ischemic lesions are found 
in approximately 25% of patients 30 days after ICH.30 The 
lesions are typically multiple, small, and subcortical. These 
likely arise from a combination of hematoma volume causing 
both local and global raised intracranial pressure (ICP), cere-
bral cytotoxic injury leading to inflammation and a throm-
botic milieu, and poor CA. ICH is often associated with a rise 
in ICP due to hematoma mass effect; this increase in global 
or compartmental ICP may reduce cerebral perfusion pres-
sure (CPP). CA is a protective feedback mechanism to provide 
relatively constant blood flow to the brain as a response to 
changing CPP. This regulatory mechanism can be impaired in 
ICH. As blood pressure (BP) control is currently one of the 
pillars of post-ICH stabilization and care, an understanding of 
the patient’s CA is crucial to ensure adequate cerebral blood 
flow. Aggressive lowering of BP may lead to hypoperfusion 
and ischemia, while higher BPs may lead to hyperemia and 
delayed hematoma expansion. An increasing number of stud-
ies are now correlating impaired CA with worsened clinical 
outcomes.31–33 Autoregulation-oriented therapy is an emerg-
ing concept that uses transcranial Doppler ultrasound at 
the bedside to assess an individual patient’s autoregulatory 

status and adjust BP and CPP goals accordingly. Outcomes 
based on this approach are yet to be determined.31,32

Clinical Management of Intracerebral 
Hemorrhage
Management of ICH is a complex and multidisciplinary pro-
cess that begins with patient contact either on the field or in 
the emergency room. For completeness of the review, we will 
touch upon most medical and surgical aspects of manage-
ment as a key for the practicing intensivist to refer to original 
trials and research in the field.

As a true neurological emergency, ICH patients are best 
managed in a dedicated neurocritical care or stroke unit for 
at least the first 24 to 48 hours as this has been shown to 
reduce the likelihood of mortality,34 and a Swedish cohort 
showed that these units were associated with better long-
term survival.35 This acute period is usually associated with 
rapid deterioration because of hematoma expansion, intra-
ventricular extension, and uncontrolled HTN.

Imaging in Acute Intracerebral Hemorrhage
The first step in the workup of an acute onset focal 
neurological deficit suggestive of a stroke is to obtain a 
non–contrast-enhanced head CT to differentiate between 
ischemic and hemorrhagic strokes.36 The American Heart 
Association guidelines recommend an initial CT scan as the 
gold standard or an MRI of the brain as mandatory in the 
workup of ICH.37 Serial head imaging by CT or MRI can eval-
uate for interval expansion or evolving mass effect, both of 
which may prompt changes in patient’s management. The 
bulk of hematoma expansion takes place during the first 3 
hours after symptom onset and hence earlier imaging usually 
predicts hematoma expansion,38 which is usually associat-
ed with a neurological decline, with stability of hematoma 
occurring at about 24 hours.39 Initial size of hematoma, intra-
ventricular extension of the hemorrhage, and expansion of 
hematoma are all associated with a worse prognosis. The ICH 
score includes five components—the Glasgow Coma Scale 
(GCS) score, age, volume of ICH, presence of intraventricular 
hemorrhage (IVH), and infratentorial origin of bleed. These 
variables are all well-validated strong risk factors for 30-day 
mortality, and the ICH score has come to be widely used in 
current clinical practice.40 Perhaps equally valuable, but less 
widespread, is the FUNC score that prognosticates the likeli-
hood of functional independence at 90 days based on similar 
characteristics at presentation.41 Recommendations for tim-
ing of imaging varies from patient to patient, but should at 
least occur within 3 hours of onset, at the time of a neurolog-
ical decline, and at 24-hour follow-up.42 (►Fig. 1)

When the clinical presentation is suspicious for a non-
hypertensive etiology, such as in patients under 50 years of 
age, CT angiography can be used to predict a patient’s risk of 
harboring an underlying vascular etiology with the aid of the 
Secondary Intracerebral Hemorrhage (SICH) score. The SICH 
score is calculated by assigning points based on a patient’s 
imaging findings, age group, sex, and presence of HTN or 
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impaired coagulation, with a range of 0 to 6. The highest inci-
dences of vascular lesions are observed in patients with SICH 
scores of 3 (18.5%) and up to 6 (100%).43

Spot sign: Active bleeding into the hematoma causes con-
trast extravasation within the hematoma. This produces a 
hyperdense spot called the spot sign, which can be seen on 
both CT angiography and contrast-enhanced CT. Presence of 
the spot sign indicates a high likelihood of early hematoma 
expansion, occurring in over 75% of these patients.44 Charac-
teristics of the spot sign can be used as further independent 
predictors, including presence of multiple spot signs, maxi-
mal diameter, and maximal attenuation.45,46

Blend Sign I & II: When CT performed within 24 hours 
of onset shows that the hematoma is made of two differing 
densities, and the boundary between them is blurred, this is 
called the Blend Sign II. The difference in CT value of the two 
densities must be at least 10 Hounsfield units. This finding 
is associated with a mortality rate that is 7 times higher, and 
a rebleeding rate that is 10 times higher, than those without 
the sign.47 When the boundary between the two hematomas 
can be clearly distinguished, it is called the Blend Sign I; the 
rebleed rates, prognosis, and mortality rates were not statis-
tically different than those of controls.47

Fluid level on head CT: A CT fluid–blood level is a region 
within an ICH with an upper compartment that is hypodense 
to the brain, a lower compartment that is hyperdense to the 
brain, and a sharply defined horizontal interface between 
these compartments. This is a relatively rare finding that is 
only 59% sensitive but 98% specific for the presence of coag-
ulopathy, and should prompt a thorough investigation.48 

(►Fig. 2)

Principles of Medical Management 
Intracerebral Hemorrhage
Management of ICH begins at the first contact with emer-
gency services and continues to the emergency depart-
ment and thence to the intensive care unit. The “Gold-
en Hour” after ictus dictates a parallel, multipronged 
approach to stabilization and treatment of the patient. 

Specific ICH-related medical management involves: (1) 
treatment of HTN, (2) treatment of coagulopathy, (3) mini-
mizing rise in ICP, (4) prevention of complications, and (5) 
post-ICH long-term therapeutic decisions (►Table 2).

Blood Pressure Control: Uncontrolled, high BP is associ-
ated with hematoma expansion, neurological deterioration, 
and poor outcomes in the form of increased mortality 
and dependency.49,50 The INTERACT-2 study was the first 
major and largest international randomized controlled 
trial (RCT) to examine HTN and ICH occurring in the pri-
or 6 hours, by assigning patients to an intensive BP reduc-
tion to < 140 mm Hg or routine BP treatment to < 180 mm 
Hg.51 Intensive treatment of BP failed to result in reduction 
of hematoma volume or improvement in outcomes, rates 
of death, and disability. Criticisms of the trial included 
the approximate 10-hour delay from ictus to treatment, a 
critical time period when most hematomas increase in size. 
The more recent ATACH 2 trial enrolled patients with ICH 
volume < 60 mL within 4.5 hours of onset and randomized 
them to either intensive BP lowering (110–139 mm Hg) or 
standard BP lowering (140–179 mm Hg), with the trial fail-
ing to show a difference in death or disability at 3 months.52 
The trial did show a nonsignificant trend toward decreased 
hematoma volume expansion in the intensive treatment 
group. It is also useful to note that the duration of intensive 
treatment in ATACH 2 was only 24 hours, while the INTER-
ACT 2 study treated BPs for 7 days. ATACH 2 also seemed to 
have higher incidence of adverse renal events with inten-
sive BP treatment. Our take-away message from these trials 
mirrors the guidelines1,37,53 and it may be reasonable to 
target a BP between 140 mm Hg and 180 mm Hg early after 
ICH and use patient-specific criteria such as the presence of 
chronic HTN to further determine the exact level.

Hemostasis: Achieving hemostasis in patients on anti-
platelet and anticoagulant medications is a growing 
challenge in the field. Using procoagulants to stop hematoma 
growth has been tried with varying degrees of success. The 
FAST trial using recombinant activated factor VIIa failed to 

Fig. 2  Blend sign, spot sign, and fluid–blood level on CT and CTA. (A) 
Noncontrast CT scan of blend sign I, showing two differing densities 
of ICH. (B) Contrasted CTA showing spot sign with hyperdense spot 
of contrast extravasation. (C) Fluid–blood level seen in multifocal ICH 
related to anticoagulant use. Red arrows indicate respective signs. 
CTA, CT angiography; ICH, intracerebral hemorrhage. Panels A and B 
were reproduced with permission from Jong S. Kim, Editor-in-Chief, 
Journal of Stroke from article: Sporns PB, Schwake M, Kemmling A, et 
al. Comparison of spot sign, blend sign and black hole sign for out-
come prediction in patients with intracerebral hemorrhage. J Stroke. 
2017; 19 (3):333–339.

Fig. 1  Typical hypertensive ICH on CT, CTA, and MRI. (A) Noncon-
trast head CT showing hypertensive ICH with IVH originating in the 
left putaminal region. (B) CTA to rule out any vascular malformation 
as the cause of bleeding. Also absent is the “spot sign,” as no contrast 
extravasation is seen in the substance of the ICH. (C) MRI FLAIR and 
(D) MRI SWI sequence showing “blooming artifact” of the same ICH. 
Abbreviations: CT, computed tomography; CTA, CT angiography; 
FLAIR, fluid-attenuated inversion recovery; ICH, intracerebral hem-
orrhage; IVH, intraventricular hemorrhage; MRI, magnetic resonance 
imaging; SWI, susceptibility-weighted image.
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show any clinical benefit and has largely been abandoned.54 
Tranexamic acid (TXA) is another agent that promotes hemo-
stasis by blocking plasmin binding to fibrin and preventing 
the breakdown of the clot. The CRASH-2 trial in trauma 
patients showed a reduction in mortality55 with TXA, while 
the CRASH-3 trial (NCT01402882) with a focus on traumatic 
brain injury is still ongoing. The recently concluded TICH-2 
trial administered TXA in the acute period as a bolus and 
infusion compared to placebo. There was no difference in 
the functional status between the groups despite reduction 
in early deaths and serious adverse events.56 Multiple other 
trials including TRAIGE (NCT02625948) and TRANSACT 
(NCT03044184) are currently evaluating TXA in spontaneous 
ICH. Unless there is an unplanned delay in definitive surgical 
management, TXA is not widely used in ICH management, 
but remains an option in such situations.

Coagulopathy reversal: Anticoagulant-related ICH is 
becoming an ever more frequent problem, especially in the 
developed world, with ICH being the cause of 58% of bleed-
ing-associated deaths in anticoagulated people,57 and with a 
higher mortality than ICH in patients without antiplatelet or 
anticoagulant use.58 Hematoma growth also occurs frequently 
and possibly over a more prolonged period in anticoagulated 
patients. We will specifically consider therapeutic measures 

in the setting of ICH with vitamin K antagonists (VKAs) and 
direct oral anticoagulants (DOACs).

VKAs such as warfarin inhibits the synthesis of vitamin 
K-dependent coagulation factors II, VII, IX, and X, and proteins 
C and S in the liver. Stopping the agent is the first step, while 
replenishing deficient factors is of paramount importance. 
Intravenous vitamin K is usually administered in the acute 
presentation, but usually takes 2 to 4 days for effects due to a 
lag in hepatic synthesis and is not useful for immediate rever-
sal. Fresh frozen plasma (FFP) is still used in various parts 
of the globe for immediate reversal, but is increasingly less 
in favor because of the risk of infection (human immunode-
ficiency virus, hepatitis B/C), allergic/transfusion reactions, 
volume overload, delay in administration because of need to 
thaw, need for blood typing, cross-matching, and inadequate 
correction of international normalized ratio. Prothrombin 
complex concentrates (PCCs), a heterogeneous assortment 
of plasma-derived vitamin K-dependent clotting factors, 
are more frequently used because they are readily available 
without the need for compatibility testing, can be infused 
over a very short duration in a low volume, and have an 
almost immediate onset of action. The INCH trial showed 
that PCCs reduced early hematoma growth and early mortali-
ty attributable to hematoma growth when compared to FFP.59 

Table 2   The “Golden Hour”: early medical stabilization after ICH

Admission to the emergency department with subsequent triage to intensive care unit with close neurological monitoring 
capability

ABCs: Intubate and secure airway if necessary, preferably with rapid-sequence intubation, paying close attention to blood 
pressure and hemodynamics, so as to not drop the CPP in the setting of raised ICP. Maintain adequate perfusion with close 
hemodynamic monitoring

Rapid imaging with CT/CTA, or MRI—if any significant delays can be avoided

Concise clinical assessment, neurological examination, and grading scales including GCS, NIHSS, ICH, and FUNC scores

If raised ICP suspected:
•• Raise head of bed to ~30 degrees
•• Hyperventilate as a temporary, empiric measure to reduce ICP, if high ICP suspected. Regulate and discontinue once more if 

definitive information is available. Employ CO2 monitoring, maintain PaCO2 and/or EtCO2 at 30–35 mm Hg to control extent of 
hyperventilation

•• Adequate sedation and analgesia. If intubated, use propofol or midazolam infusion, ± opioids such as morphine or fentanyl, with 
initial RASS goal of 0 to–1

•• Empiric hyperosmolar therapy if imminent herniation suspected. Used only as a temporizing measure while definitive surgical 
interventions are being planned. Can use mannitol 1 g/kg dose, infused peripherally or hypertonic saline at available concentra-
tion, like 30 mL of 23.4% NaCl solution, infused centrally

Initiate potential early interventions: (see details in the text section)
•• Control of elevated blood pressure
•• Correction of coagulopathy
•• Early surgical intervention

Strict normothermia: 36–37.5°C, with antipyretics, surface, or internal cooling

Maintain blood sugars ~120–180 mg/dL

Recognize and treat seizures emergently, obtain EEG if low GCS and poor mentation to rule out nonconvulsive seizures and/or 
status epilepticus

Abbreviations: ABC, airway, breathing, circulation; CO2, carbon dioxide; CPP, cerebral perfusion pressure; CT, computerized tomography, CTA, 
CT angiography; EEG, electroencephalogram; GCS, Glasgow Coma Scale; EtCO2, end-tidal CO2; ICH, intracerebral hemorrhage; ICP, intracranial 
pressure; MRI, magnetic resonance imaging; NaCl, sodium chloride; NIHSS, National Institutes of Health Stroke Scale; PaCO2, partial pressure of 
CO2; RASS, Richmond Agitation-Sedation Scale.
Note: Adapted and modified from Hemphill and Lam.1
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Currently, nonactivated 4-factor PCCs (KCentra) and activat-
ed PCCs (FEIBA) are preferred over 3-factor PCCs in routine 
reversal of anticoagulation.

DOACs include direct thrombin inhibitors, such as dab-
igatran, and factor Xa inhibitors (FXa-Is), such as apixaban, 
rivaroxaban, and edoxaban, and are becoming extremely 
popular because of their reliable effects and lack of need 
for hematological monitoring. Idarucizumab, a monoclonal 
antibody specific to dabigatran, has recently become avail-
able and was shown to be rapid, durable, and safe in reversal 
of anticoagulant activity of dabigatran,60 while hemodialysis 
can also be used. Andexanet alfa is a new, modified, recom-
binant, inactive form of FXa with no procoagulant effects, 
designed to specifically bind and sequester FXa-inhibitor 
molecules and has been approved for FXa-I reversal.61 The 
dose needs adjustment based on the agent used and the 
time since the last dose. With the results of the ANNEXA-4 
trial,61 andexanet has been approved, but costs in the United 
States still remain prohibitively high. Another reversal agent 
ciraparantag supposedly binds all DOACs and has thus far 
been tested in healthy subjects.62 (►Tables 3 and 4)

There has been a lack of clarity about effect of antiplate-
lets on hematoma expansion and outcomes.63–66 The PATCH 
trial found that patients with ICH who received platelet 
transfusions were actually likely to have poorer outcomes 
than those who did not.67 As the guidelines suggest, one 
needs to be aware of the numerous risks of platelet trans-
fusion and probably reserve transfusion for patients under-
going urgent neurosurgical intervention,68 while more tri-
als are needed to decide the safest option. Consideration 
for the half-life of the antiplatelet agent used and presence 
of active metabolites of the drugs may help decide the 
timing of administration of platelets, while single-donor 
platelets might be superior to pooled units.68,69 Desmopres-
sin (DDAVP) has been shown to reduce bleeding time and 
normalize hemostasis in patients with uremic platelets 
undergoing surgery,70 while uremic platelets exposed to 
aspirin have been shown to have improved function after 
DDAVP administration.71 One study examined patients with 
ICH and reduced platelet activity on point-of-care testing 
and/or known aspirin use, administered DDAVP to them, 
and showed improved platelet function, increase in von 
Willebrand factor antigen, and reduced rate of hematoma 
growth.72 This and other small case series allude to the val-
ue of DDAVP administration.

Venous thromboembolism (VTE) prophylaxis: ICH patients 
are at the risk for VTE, including deep vein thrombosis 
(DVT) and pulmonary embolism. The CLOTS 3 trial showed 
the benefit of intermittent pneumatic compression (IPC) 
in reducing the rate of proximal DVT.73 The guidelines 
recommend the use of IPC devices in addition to elastic 
stockings for prevention of VTE,74 while after documentation 
of cessation of bleeding, low-dose, low-molecular weight or 
unfractionated heparin may be considered for prevention 
in patients at high risk for VTE after 1 to 4 days from ICH 
onset.74 There is a lack of consensus about the treatment of 
VTE in the setting of acute ICH and a risk–benefit approach 
might be most prudent.

Surgical Management of Intracerebral 
Hemorrhage
This usually proceeds in parallel with medical management. 
Unless the bleed is severe and there is rapid worsening, 
surgical options are best considered after initial medical 
stabilization. Though no surgical option has been shown to 
improve mortality and outcomes definitively, numerous trials 
have been conducted in an attempt to (1) reduce hematoma 
volume, (2) decrease ICP, (3) limit expansion of hematoma, 
and (4) counter secondary brain injury (by the toxic effect of 
blood products on the parenchyma) by evacuation.1 As out-
lined in the section on the pathophysiology, removal of the 
hematoma in theory should mitigate the above effects.

ICP monitoring: This is usually the first surgical step in the 
management of ICH, a largely empiric approach adopted in 
patients with a GCS score of 8 or less and/or a rapidly dete-
riorating neurological exam.75 The goal is to maintain CPP 
(50–70 mm Hg) and effective cerebrospinal fluid (CSF) diver-
sion to maintain ICP.76 Practical considerations against ICP 
monitoring are risk of infection and bleeding, while the true 
value of ICP monitoring might be appreciated in the setting of 
herniation, significant IVH, or hydrocephalus.37

Surgical evacuation: The strongest evidence for definitive 
and emergent surgical management is for infratentorial 
hematomas as outlined by the 2015 American Heart Asso-
ciation Guidelines with Class I Recommendation; level of 
evidence B.37 Cerebellar hematomas > 3 cm in diameter, 
evidence of brainstem compression/herniation, and hydro-
cephalus all warrant immediate surgical evacuation over just 
ventricular drainage.77,78

Surgical approaches to ICH can be broadly classified into 
(1) open craniotomy and (2) minimally invasive procedures.

Open craniotomy: This is relatively easier to perform and, 
on a global scale, demands less resources and infrastructure. 
The skill of the surgeon and the patient’s condition are the 
primary determinants. A meta-analysis of 15 RCTs that com-
pared standard surgical evacuation to conservative medical 
care alone pooled 2,059 subjects and found an odds ratio of 
0.74 (p < 0.0001) in favor of standard craniotomy for ICH,79 
with the caveat that while craniotomy was usually offered 
to patients with rapid decline, none of the trials specifically 
considered this population. Both the landmark STICH I and 
STICH II trials explored the effectiveness of early surgical evac-
uation versus best medical management, with STICH II being 
conducted on more superficial lobar hemorrhages without 
ventricular extension, after subgroup analysis of STICH I had 
revealed a possible benefit of surgery in these patients.80,81 
Neither study was able to show any benefit or improved out-
comes from hematoma evacuation. It is useful to note that a 
good proportion of patients in the medical arm of STICH I had 
delayed surgery and still did not show benefit. Another meta-
analysis of eight prospective RCTs of surgical treatment for 
spontaneous ICH showed improved outcomes if surgery was 
performed within 8 hours, hematoma volume was between 
20 and 50 mL, GCS score of 9 to 12, or patient age was 50 to 
69 years.82 While many surgical groups have reported their 
experiences, no trials have evaluated the effectiveness of 
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 Table 3 Summary of recommendations for reversal of antithrombotic agents in patients with intracranial hemorrhage

Antithrombotic Agent Reversal Agent Comments

Vitamin K antagonists Warfarin If INR ≥ 1.4: 
Vitamin K 10 mg IV, plus 3 or 4 factor PCC IV 
(dosing based on weight, INR and PCC type) 
OR 
FFP 10–15 ml/kg IV if PCC not available

Discontinue VKa in setting of ICH. 
Avoid reversal in cerebral venous sinus 
thrombosis-associated ICH. Assess 
risk–benefit in the setting of concur-
rent symptomatic or life-threatening 
thrombosis, ischemia, heparin-induced 
thrombocytopenia, or disseminated in-
travascular coagulation. If INR resistant 
to PCC and > 1.4, consider FFP. Avoid 
rFVIIa

Direct factor Xa inhibitors
Rivaroxaban
Apixaban
Edoxaban

For Rivaroxaban and Apixaban:
Andexanet Alfa aDosing details see Table 4 
Activated charcoal (50 g) within 2 h of 
ingestion, 
Activated PCC (FEIBA) 50 units/kg IV 
OR 
4 factor PCC 50 units/kg IV

Discontinue factor Xa inhibitors in the 
setting of ICH.  Reversal to be guided by 
clinical indication of bleeding and not 
laboratory testing

Direct thrombin inhibitors
Dabigatran
Argatroban
Bivalirudin
Desirudin
Lepirudin

For dabigatran reversal: 
Activated charcoal (50 g) within 2 h of 
ingestion, 
AND 
Idarucizumab 5 g IV (in two 2.5 g/50 mL 
vials) 
Consider hemodialysis or idarucizumab 
redosing for refractory bleeding after initial 
administration.

For other DTIs: 
Activated PCC (FEIBA) 50 units/kg IV 
OR 
4 factor PCC 50 units/kg IV

Discontinue DTIs in the setting of ICH. 
Reversal to be guided by clinical indi-
cation of bleeding and not laboratory 
testing. Avoid FFP or rFVIIa for DTI-asso-
ciated ICH

Unfractionated heparin Protamine 1 mg IV for every 100 units of 
heparin administered in the previous 2–3 h 
(up to 50 mg in a single dose)

Discontinue heparin infusion in setting 
of ICH. Reverse if on full dose antico-
agulation and avoid if on prophylactic 
subcutaneous dosing. Use protamine as 
indicated

Low-molecular weight heparins
Enoxaparin
Dalteparin
Nadroparin
Tinzaparin
Danaparoid

Enoxaparin: 
Dosed within 8 h: Protamine 1 mg IV per 1 
mg enoxaparin (up to 50 mg in a single dose) 
Dosed within 8–12 h: Protamine 0.5 mg IV 
per 1 mg enoxaparin (up to 50 mg in a single 
dose) 
Minimal utility in reversal >12 h from dosing 

Dalteparin, Nadroparin and Tinzaparin: 
Dosed within 3–5 half-lives of LMWH: Prota-
mine 1 mg IV per 100 anti-Xa units of LMWH 
(up to 50 mg in a single dose) 
OR 
rFVIIa 90 mcg/kg IV if protamine is 
contraindicated

Discontinue LMWH in setting of ICH and 
reverse if being given therapeutic doses 
of anticoagulation. Administer prota-
mine as shown. If protamine contrain-
dicated, consider rFVIIa. Do not reverse 
for prophylactic doses of LMWH. Avoid 
using FFP, PCC, or aPCC for reversal

Danaparoid rFVIIa 90 mcg/kg IV

Pentasaccharides
Fondaparinux

Activated PCC (FEIBA) 20 units/kg IV or rFVIIa 
90 mcg/kg IV

Discontinue agent, administer aPCC or 
rFVIIa, do not use protamine. If being 
used for venous thromboembolism in 
the setting of ICH, no need for reversal 
unless evidence of bioaccumulation or 
impaired clearance

continued
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Table 4  Andexanet alfa dosing

FXa Inhibitor FXa Inhibitor last dose Timing of FXa inhibitor last dose before andexanet alfa initiation

< 8 h or unknown ≥ 8 h

Rivaroxaban ≤ 10 mg Low dose

Low dose
> 10 mg or unknown High dose

Apixaban ≤ 5 mg Low dose

> 5 mg or unknown High dose

Dose Initial IV bolus Follow-on IV infusion

Low dose 400 mg at target rate of 30 mg/min 4 mg/min for up to 120 min

High dose 800 mg at target rate of 30 mg/min 8 mg/min for up to 120 min

Abbreviations: FXa, factor Xa; IV, intravenous.
Note: Andexxa (andexanet alfa) prescribing information: Portola Pharmaceuticals, Inc; May 2019.

continued

Antithrombotic Agent Reversal Agent Comments

Thrombolytic agents (plasmino-
gen activators)
Alteplase
Reteplase
Tenecteplase

Cryoprecipitate 10 units IV 
OR 
Antifibrinolytics (tranexamic acid 10–15 mg/kg 
IV over 20 min or e-aminocaproic acid 4–5 g 
IV) if cryoprecipitate is contraindicated

Discontinue thrombolytic agent in set-
ting of ICH, cryoprecipitate in first 24 
hours after thrombolytic agent use, or 
antifibrinolytic agent if contraindication 
to cryoprecipitate, check fibrinogen 
levels and repeat agent if necessary

Antiplatelet agents DDAVP 0.4 µg/kg IV times 1 
If neurosurgical intervention: Platelet transfu-
sion (one apheresis unit)

Discontinue antiplatelet agents in set-
ting of ICH, avoid platelet transfusion in 
patients with no planned neurosurgical 
intervention, obtain platelet function 
testing if possible, consider DDAVP for 
use in conjunction with platelets

Abbreviations: DDAVP: desmopressin; DTI, direct thrombin inhibitor; FEIBA, factor eight inhibitor bypassing activity; FFP, fresh frozen plasma; INR, 
international normalized ratio; IV, intravenous; LWMH: low-molecular weight heparin; rFVIIa, recombinant factor VIIa; PCC, prothrombin complex 
concentrates.
Note: Reproduced from Frontera et al.68

aFor dosing details see Table 4.

decompressive hemicraniectomy with or without hemato-
ma evacuation. Currently, it is used as a life-saving measure 
in deteriorating patients (Class IIb recommendation; level of 
evidence C).37 The ongoing SWITCH trial (NCT02258919) will 
hopefully shed more light on this procedure.

Minimally invasive procedures: In the setting of the above 
evidence, attempts have been made to mitigate the injury 
that can be caused by open surgery and craniotomy with 
a myriad of innovative, minimally invasive approaches. 
Prominent techniques include stereotactic-guided aspira-
tion and thrombolysis, ultrasound-induced thrombolysis, 
image-guided stereotactic endoscopic aspiration, and stereo-
tactic ICH underwater blood aspiration technique (SCUBA).

One of the first studies examined patients with ICH by 
randomizing them between medical management and min-
imally invasive, CT-guided craniopuncture therapy that 
involved aspiration of the hematoma, followed by injection 
of urokinase under pressure.83 The authors were able to 
show significant improvement in the clinical outcomes with 
a lower proportion of craniopuncture group being depen-
dent at 90 days on the modified Rankin Scale (mRS). The 

Minimally Invasive Surgery plus rt-PA for ICH Evacuation 
(MISTIE II) trial, a prospective randomized phase II tri-
al results suggested a decrease in PHE and a trend toward 
improvement in clinical outcomes when compared with stan-
dard medical care. Image-guided cannula placement in the 
hematoma with clot aspiration followed by intra-clot admin-
istration of either of two doses of alteplase for up to nine 
doses and gravity-dependent drainage after every dose was 
attempted.84 Importantly, administration of the thrombolytic 
into the clot was found to be safe despite no improvement 
in the functional outcome at 180 days. Residual hematoma 
volume at the end of treatment seemed to correlate well with 
clinical outcomes. Based on this was the recently published 
MISTIE III trial, an open-labeled, blinded endpoint, phase 3 
trial done across 78 centers that compared image-guided 
MISTIE treatment (1 mg alteplase every 8 hours for up to 9 
doses) to standard medical care. Analysis performed on the 
modified intention-to-treat population revealed that there 
was no statistically significant difference between the groups 
of patients in achieving a good functional outcome, defined 
as patients who achieved an mRS score of 0 to 3 at 365 days.85 
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Exploratory analyses of the association of clot removal and 
functional outcome showed that the extent of clot removal 
was correlated with better outcomes. An as-treated analysis 
suggested that patients in whom the surgical aim of reduction 
in size of clot ≤ 15 mL was achieved had a benefit in mortality 
and functional outcome.85 While the MISTIE trials have estab-
lished that the process is safe, MISTIE as an intervention can 
still not be recommended for all ICH patients. We agree that 
the positive secondary outcome findings have to be treated 
as exploratory for reasons that include a selection bias that 
excluded clinically unstable patients with a poorer prognosis, 
as well as a bias in that clot removal was not randomized. The 
trial does invite future studies to explore the biological plau-
sibility that reduction in mass effect and tissue injury caused 
by the presence of parenchymal blood with a MISTIE-like 
procedure may be very beneficial. A recent meta-analysis of 
four RCTs found that stereotactic aspiration of primary ICH 
resulted in reduced odds of death and dependency compared 
with traditional open techniques.86 Interestingly, there did 
not seem to be a significant difference in the risk of complica-
tions between the groups.

Basal ganglia and thalamic ICH result in IVH in about 50% 
of patients87 which almost doubles the chance of poor out-
comes.88 Hydrocephalus is a frequent complication of IVH 
secondary to the block in CSF circulation. A meta-analysis has 
shown that IPH with IVH increases the risk of death from 20 
to 51%.89 The CLEAR IVH trial showed safety of rt-PA injection 
into ventricles in the setting of IVH.90 The recent CLEAR III 
trial used thrombolytic therapy with catheter-assisted drain-
age to assess clot lysis in IVH and its impact on functional 
outcome at 180 days as compared to saline irrigation into 
ventricles.91 There was dose-dependent better resolution 
of clot, but the trial failed to show significant improvement 
in outcomes, and though the treatment group had lower 
case fatality, higher proportion of patients were left with 
severe disability. Also, routine and prolonged use of exter-
nal ventricular drains in these situations increased the risk 
of ventriculitis.

Another interesting technique is image-guided endoscopic 
surgery for hematoma evacuation. The Intraoperative Stereo-
tactic Computed Tomography-Guided Endoscopic Surgery 
trial was the first to assess the safety of the endoscopic 
procedure and outcomes at 6 months and 1 year, demon-
strating a higher effective volume of hematoma removal and 
better neurological outcome among treated patients, though 
it had a small sample size.92 SCUBA is another neuroendo-
scopic technique that employs the Penumbra Apollo System 
(Penumbra Inc., Alameda, California, United States). An endo-
scopic sheath is inserted under stereotactic guidance into the 
hematoma cavity after which the Apollo system aspirates the 
clot.93 Following this, the hematoma cavity is infused with 
normal saline for visualization of the cavity and better evac-
uation. A study using this technique has shown a healthy 
evacuation average with low pre- and postprocedural bleed-
ing.94 MiSPACE (minimally invasive subcortical parafascic-
ular transsulcal access for clot evacuation) is a new tech-
nique that involves the transsulcal insertion of the BrainPath 
endoport (Nico Corp; Indianapolis, Indiana, United States) 

along a trajectory preplanned with MRI tractography, help-
ing minimize the iatrogenic injury and improving the preci-
sion,95 with a recent multicenter trial providing safety data 
for this technique.96 A new trial—ENRICH (NCT02880878)—
is currently underway, further evaluating this modality. 
Ultrasound-guided thrombolysis where ultrasound energy is 
used to enhance clot lysis after rt-PA infusion is an option. 
A small study revealed better hematoma evacuation with 
sonothrombolysis when compared with catheter-based 
evacuation with rt-PA alone as attempted in the MISTIE and 
CLEAR trials.97

Post-ICH Long-Term Therapeutic Decisions
A frequent vexing question is the optimal time to restart 
antiplatelet medications or anticoagulation after recent 
ICH. In the absence of robust studies, we will defer to the 
guidelines, and time to the start of antiplatelet medica-
tions in those with a high risk of atherothrombosis, and 
anticoagulation in those at high risk for cardioembol-
ic strokes (like those with prosthetic valves, intracardiac 
thrombus, and dilated cardiomyopathy)98 with a prudent, 
patient-specific risk–benefit strategy, and optimize over-
all medical management. Being on these agents definitely 
increases the risk of late hemorrhage expansion as well as 
rebleeding. More recent retrospective data will need to be 
collected, especially for the DOACs in comparison to older 
agents such as warfarin.

Conclusion
ICH continues to have high morbidity and mortality. While 
recent research has centered on ICH stabilization, future 
directions in ICH care are bound to involve prevention and 
treatment of secondary neurologic injury with a clearer 
focus on long-term patient outcomes. More robust trials are 
necessary to tease out nuances of new treatment methods, 
while personalized intervention and management strategies 
are likely the future of ICH care.
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