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Abstract

Purpose of review Spontaneous intraparenchymal hemorrhage (IPH) is a prominent chal-
lenge faced globally by neurosurgeons, neurologists, and intensivists. Over the past few
decades, basic and clinical research efforts have been undertaken with the goal of
delineating biologically and evidence-based practices aimed at decreasing mortality and
optimizing the likelihood of meaningful functional outcome for patients afflicted with this
devastating condition. Here, the authors review the medical and surgical approaches
available for the treatment of spontaneous intraparenchymal hemorrhage, identifying
areas of recent progress and ongoing research to delineate the scope and scale of IPH as it
is currently understood and treated.

Recent findings The approaches to IPH have broadly focused on arresting expansion of
hemorrhage using a number of approaches. Recent trials have addressed the effectiveness
of rapid blood pressure lowering in hypertensive patients with IPH, with rapid lowering
demonstrated to be safe and at least partially effective in preventing hematoma expan-
sion. Hemostatic therapy with platelet transfusion in patients on anti-platelet
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medications has been recently demonstrated to have no benefit and may be harmful.
Hemostasis with administration of clotting complexes has not been shown to be effective
in reducing hematoma expansion or improving outcomes although correcting these
abnormalities as soon as possible remains good practice until further data are available.
Stereotactically guided drainage of IPH with intraventricular hemorrhage (IVH) has been
shown to be safe and to improve outcomes. Research on new stereotactic surgical methods
has begun to show promise.

Summary Patients with IPH should have rapid and accurate diagnosis with neuroimaging
with computed tomography (CT) and computed tomography angiography (CTA). Early
interventions should include control of hypertension to a systolic BP in the range of
140 mmHg for small hemorrhages without intracranial hypertension with beta blockers or
calcium channel blockers, correction of any coagulopathy if present, and assessment of
the need for surgical intervention. IPH and FUNC (Functional Outcome in Patients with
Primary Intracerebral Hemorrhage) scores should be assessed. Patients should be
dispositioned to a dedicated neurologic ICU if available. Patients should be monitored
for seizures and intracranial pressure issues. Select patients, particularly those with
intraventricular extension, may benefit from evacuation of hematoma with a
ventriculostomy or stereotactically guided catheter. Once stabilized, patients should be
reassessed with CT imaging and receive ongoing management of blood pressure, cerebral
edema, ICP issues, and seizures as they arise. The goal of care for most patients is to regain
capacity to receive multidisciplinary rehabilitation to optimize functional outcome.

Introduction

The care and management of intraparenchymal hemor-
rhage (IPH) is a frequent and daunting challenge for
providers. It can occur virtually anywhere in the brain
and ranges in severity from a short hospital course in
some to severe disability and death in many others.
Surgical options remain presently limited, and while

medical care has certainly improved over recent decades,
morbidity and mortality in this disease remain particu-
larly high. A great deal of research has been undertaken
recently demonstrating the safety of many approaches,
but sadly, very little research has demonstrated definitive
improvement in outcomes and mortality.

Epidemiology of intracranial hemorrhage

Ischemic and hemorrhagic strokes are among the leading causes of death and
disability worldwide [1e, 2]. Even though mortality from strokes has de-
creased in recent decades, the incidence of stroke and stroke-related deaths
is increasing, with a disproportionate burden borne by developing and low-
income nations [3]. Ischemic stroke remains the most prevalent (80-90%)
form of stroke while primary intracranial hemorrhage and subarachnoid
hemorrhage (SAH) account for the remaining 10-20% [4]. There were an
estimated 5.3 million intracranial hemorrhage (ICH) cases worldwide in
2010 with approximately 3 million deaths of which 84% were borne by
low- and middle-income countries [1¢]. In the USA, case mortality has fallen
over the past four decades from 47 to 29% |[5]. Patients who make it to the
hospital still face 30-day fatality risk up to 45% in some studies [6]. Those
who survive have markedly limited function in activities of daily living, with
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only 10-20% regaining functional independence [7, 8, 9ee]. Over the recent
decades (1980-2006), the overall incidence of IPH has been roughly stable at
24.6 per 100,000 person years [10e].

Risk factors for intraparenchymal hemorrhage

Pathophysiology

Spontaneous IPH is the product of a complex interplay of risk factors, the
most important of which is hypertension [11, 12]. A meta-analysis of 14
case-control studies demonstrated an increased relative risk for IPH in
hypertensive subjects of 3.68 (95% CI, 2.52 to 5.38) over normotensive
people [11]. Patients with baseline blood pressure over 160/90 were
shown in another meta-analysis to have a 9-fold increased risk of IPH
[12]. Even among those with normal blood pressure, increasing blood
pressure is related linearly to increasing risk of lobar and non-lobar hem-
orrhagic stroke [13]. Hypertension has a substantial impact on the likeli-
hood of vessel rupture in the brain. Other identified risk factors are
smoking which carries a 1.5-fold relative risk [14, 15], high alcohol intake,
low cholesterol levels [16, 17], diabetes with a relative risk of 1.6 [18], and
cerebral amyloid angiopathy [19] which alone accounts for roughly 50%
of all lobar hemorrhages. Patients taking aspirin [20], warfarin [21], and
direct oral anticoagulants (DOACs) (dabigatran etexilate, rivaroxaban, and
apixaban) have an increased risk of IPH although this risk is often far
exceeded by the benefit provided by the prevention of ischemic strokes
[22]. The externally validated and guideline-incorporated HAS-BLED score
(Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or
predisposition, Labile international normalized ratio, Elderly (> 65 years),
Drugs/alcohol concomitantly) identifies patients in whom the risk of using
of oral anticoagulants may equal or outweigh the benefit [23, 24]. Al-
though no prospective studies have evaluated the impact of specific mod-
ifiable risk factor management (for example antihypertensive management
and smoking cessation on the risk of IPH), such lifestyle modifications are
likely to reduce the risk of IPH significantly.

IPH occurs after a parenchymal blood vessel in the brain ruptures. Common
etiologies include amyloid angiopathy, tumors, ischemic stroke with subse-
quent hemorrhagic conversion, thrombosis of dural venous sinuses and cortical
veins, vasculitis and vascular malformations such as cavernous angiomas,
arteriovenous fistulas, arteriovenous malformations, venous angiomas, and
aneurysms. Most “primary” cases of spontaneous IPH are thought to be caused
by the rupture of Charcot Bouchard aneurysms in the cerebellum, basal ganglia,
pons, and thalamus where small penetrating vessels are abundant. Charcot
Bouchard aneurysms are presumed to be the result of chronic hypertension-
related lipohyalinosis of small arterioles which causes defects in the muscular
layer making them prone to rupture [25]. The “primary” etiology is a diagnosis
of exclusion, based on a thorough investigation for “secondary” structural
causes of IPH. Advanced age, deep location (basal ganglia, thalami, or posterior
fossa), or history of hypertension are often taken to suggest primary IPH
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Initial management

although cerebral angiography studies show that these are not always reliable
indicators, and patients with these features may have co-existing vascular ab-
normalities [26, 27].

Grading scales

Medical management is focused on minimizing intracranial pressure, treating
hypertension, and primary prevention of clot expansion. With the exception of
early blood pressure control, there have been no successful phase 3 trials at the
time of this writing that show overall benefit from medical interventions in
terms of improved neurological outcome or mortality reduction [28]. Surgical
management is focused on clot extraction, removal of toxic blood products, and
preventing the sequelae of intracranial hypertension. While there has been
some promising early research in this regard, and a recent surge of clinical trials
testing clot removal strategies, there is currently a similar lack of successful
phase 3 trials showing efficacy.

Initial management should focus on stabilization of airway, breathing, and
circulation, including blood pressure, and any coagulopathy should have
attempted reversal [9ee]. Next, the clinical severity should be scored and doc-
umented using the NIH Stroke Scale (NIHSS) and Glasgow Coma Scale (GCS)
[29-31]. Hourly or more frequent neurologic exams should be scheduled
thereafter. The American Heart Association considers neuroimaging with CT
(the gold standard) or MRI mandatory, with the use of contrast-enhanced CT
angiography (CTA) when available to assess for vascular pathology and likeli-
hood of further clot expansion [26]. Vascular abnormalities are more likely in
women, those under the age of 65, those with lobar ICH, intraventricular
hemorrhage (IVH), and patients without history of hypertension, smoking, or
coagulopathy [32]. Catheter angiography can confirm definitively if there is an
underlying vascular lesion [33]. If cerebral venous sinus thrombosis is suspected
based on hematoma location, unusual appearance of cerebral sinuses, or
increased relative edema volume, then CT venography or MRV should be
performed [34]. Volume status should be assessed along with routine monitor-
ing of electrolytes. To avoid exacerbating any brain edema, it is recommended
that hyponatremia be avoided. Hyponatremia has been shown to occur in
roughly 15% of ICH patients and to worsen outcomes in two retrospective case
series, with the syndrome of inappropriate antidiuretic hormone being the
most common etiology [35, 36]. Normovolemia should be maintained with
isotonic fluids to avoid exacerbating brain edema [37].

ICH grading scales are routinely used to assess baseline severity, to facilitate
communication between providers, and to frame expectations of family mem-
bers. They should not be used in isolation, however, as reliance on grading
scales risks producing a self-fulfilling prophecy in which patients expected to do
poortly will have poor outcomes due to limitations of acute interventions [38,
39]. The ICH score [40®e] has seen broad clinical adoption as a number of
studies have validated its use. The ICH score includes five independent risk
factors for 30 day mortality which are assigned weights to derive a score from 0
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to 6 (Table 1). The timing of the GCS is important, with studies showing that
the GCS assessed once the patient has clinically stabilized has the most utility as
compared to an initial assessment [42]. Another useful prognostication tool,
the FUNC score, was developed to estimate the likelihood of functional inde-
pendence at 90 days (Table 1) [41e].

Assessing hemorrhage with imaging

After initial hemorrhage, the hematoma can expand further, with many
studies looking at the timing of this expansion but relying on different

Table 1. The components of the ICH and FUNC scores presented along with their respective point weights and the mortality
and independence implications for each total score, respectively [40ee, 41¢]

ICH score

Component Points
Glasgow Coma Scale

3-4 2

5-12

13-15 0

Age

280 years

<80 years 0

ICH volume

230 cm’ 1

<30 cm’ 0
Presence of intraventricular hemorrhage
Yes 1

No 0
Infra-tentorial origin of ICH

Yes

No 0

Total ICH score 30-day mortality (%)
0 1-10

1 7-13

2 30-44
3-4 56-78
4 70-100

5-6 100

FUNC score
Component
ICH Volume
<30cm’
30-60 cm®
>60 cm®
Age
<70 years
70-79 years
2 80 years
ICH location
Lobar
Deep
Infratentorial
Glasgow Coma Scale
29
<8
Pre-ICH cognitive impairment
No

Yes
Total FUNC score
0-4
5-7
8
9-10
11

Points

1

0

Independent at 90 days (%)
0

29

48

75

95
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time windows between onset and assessment using varying techniques
for quantifying hematoma volume [43e]. Hematoma expansion occurs
in up to one third of patients and generally occurs within 24 h although
delayed expansion is described [44]. Expansion, regardless of definition,
is significantly associated with clinical deterioration and worse out-
comes, especially when resulting in midline shift or cerebral herniation
[8, 45]. The “spot sign” is a hyper dense spot initially defined on CTA
source images which is predictive of hematoma growth (Fig. 1) [46]. If a
subsequent non-contrast head CT demonstrates extravasation of contrast
into the hematoma, this, along with the spot sign, is significantly
associated with IPH growth and poor outcome [46]. Although it is
possible to assess for both an “early” (30-s post-contrast injection) and
“late” (2-5-min post-contrast injection) spot sign on CTA or post-
contrast CT, the current utility of this information is not well defined
in the absence of therapies specifically targeted to prevent IPH expan-
sion. In the PREDICT study, patients with the spot sign had significantly
higher mortality at 3 months (43.4%) as compared to patients who
were spot-sign-negative (19.6%) [43e].

The volume of IPH is an important factor in outcomes, with volumes
over 30 mL tending to have increased mortality and morbidity [8]. One
recent meta-analysis suggested that for each 1-mL increase in hemorrhage
volume at hospital admission, the odds of early neurological deterioration
increases by 37% [47]. The volume of IPH can be accurately assessed using
a range of automated computational techniques if the required software is
available, but a quick estimate can be garnered by applying the ABC/2
method to the initial non-contrast CT image. All measurements should be
obtained on axial slices, with A being the largest diameter of hematoma
seen in any slice and B the diameter taken perpendicular to that on the
same slice. C is the slice thickness multiplied by the number of slices.
These three values multiplied together and then divided by two give an
estimate of the volume of the hematoma assuming a spherical shape.

Fig. 1. A patient with a spot sign visible in a putaminal IPH. a Left posterior putaminal IPH with mild surrounding edema. In b, an
arrow indicated the small focus of contrast enhancement seen on CTA consistent with the spot sign. ¢ The post-contrast CT wherein
the white arrow shows the spot sign has enlarged. d An unenhanced CT taken 1 day later showing the development of IVH and
expansion of the IPH (Wada R, Aviv RI, Fox AJ, Sahlas DJ, Gladstone DJ, Tomlinson G, Symons SP. CT Angiography “Spot Sign”
Predicts Hematoma Expansion in Acute Intracerebral Hemorrhage. Stroke. 2007;38:1257-1262).
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While not as accurate as image analysis software available commercially, it
is an effective method for quickly assessing hematoma volume [438].

Blood pressure management

A number of trials have tried to arrest the further expansion of IPH by managing
hypertension or by supplementing clotting factors. INTERACT1 was a feasibility
study that demonstrated the safety and feasibility of INTEnsive blood pressure
Reduction in Acute Cerebral hemorrhage. This led to INTERACT2, an interna-
tional, multicenter, prospective, randomized, open label, blinded end-point
trial of patients with hypertension and IPH occurring in the prior 6 h which
randomly assigned 2839 patients to receive either intensive treatment of systolic
BP to less than 140 mmHg or guideline recommended targeting of systolic BP
to less than 180 mmHg [49ee]. The primary outcome was death or major
disability as assessed by mRS at 90 days. A total of 52.0% (719) of the
participants in the intensive treatment group achieved the primary outcome
as compared to 55.6% (785) of patients receiving guideline-recommended
treatment. Mortality was comparable between the two groups (11.9% in inten-
sive treatment group and 12.0% in the guideline-recommended treatment
group). This intensive treatment of blood pressure failed to result in significant
reduction in hematoma volume or improvement in outcomes on the primary
outcome although concurrent ordinal analysis showed significantly lower mod-
ified Rankin Scale (mRS) scores with intensive treatment (odds ratio for greater
disability, 0.87; 95% CI, 0.77 to 1.00; P=0.04) [49ee]. The slight reduction in
death and disability and hematoma size in this trial may be attributed the
smaller initial average hematoma volumes (11 mL) of patients included in the
study along with the average of 4-h delay from onset of symptoms to treatment
and 6 further hours on average to achieve the blood pressure goal (with only
34% of patients getting intensive treatment achieving the goal in under
60 min). Taken together, these time windows imply that the average participant
in INTERACT 2 had 10 h from hemorrhage onset until they achieved blood
pressure parameters, a period during which most ICHs will have expanded
already if that was going to happen.

Another large intensive blood pressure lowering trial was ATACH 2 [50°°].
This randomized, multicenter, open-label trial looked at patients with IPH
volume < 60 mL and GCS score of 5 or more, randomizing them to either an
intensive SBP target of 110 to 139 mmHg or a standard target of 140 to
179 mmHg using intravenous nicardipine. The primary outcome was death
or disability at 3 months which was equivalent between the two groups: 38.7%
of the intensive treatment group (186 of 481) and 37.7% (181 of 480) of the
standard-treatment group. Aggressive treatment of blood pressure in ATACH 2
did not improve outcomes.

ATACH 2 and INTERACT 2 were similar trials in that they looked at blood
pressure lowering, but there are a number of important differences in the
protocols and goals of the studies that should be considered. While INTERACT
2 had a 6-h recruitment window, ATACH 2 was considerably narrower at 4.5 h.
ATACH-2’s intervention lasted for 24 h while in INTERACT 2, blood pressure
was targeted 6 days longer. Further, the baseline blood pressures differed at the
outset, with average systolic blood pressure of 179 mmHg in ATACH 2 and
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201 mmHg in INTERACT 2. The average systolic blood pressure of the intensive
treatment group in INTERACT 2 after 1 h was 150 mmHg, not far from the
141.1 mmHg that was the average systolic blood pressure of the standard
treatment group in ATACH 2 within 2 h. The intensive treatment group in
ATACH 2 had an average systolic pressure of 128.9 + 16 mmHg after 2 h, which
was roughly 12 mmHg lower than the 141.1 + 16 seen in the standard treat-
ment group and perhaps importantly 21 mmHg lower than the intensive
treatment group from INTERACT 2 and almost 36 mmHg lower than the
standard group from INTERACT 2. ATACH 2 had significantly higher (9%) rate
of adverse renal events in the intensive treatment group than in the standard
group (4%). The hematomas in both studies on average were relatively small
(10 mL) resulting in a lower propensity for expansion. This makes generalizing
these results to patients with larger hematomas causing mass effect, intracranial
pressure elevation, and consequent decrease in cerebral perfusion pressure
problematic. While a goal SBP of 140 mmHg seems to be a safe target, it does
not represent an evidence-based target proven to improve outcomes or reduce
mortality and SBP < 140 mmHg may cause adverse effects in some patients.

When to use and not use hemostatic therapy

The FAST trial focused on reducing clot burden by increasing the propensity of
blood to coagulate at the site of hemorrhage [51¢]. Recombinant activated
factor VII (rFVIla) acts upon factor X in the extrinsic pathway of the clotting
cascade facilitating the conversion of prothrombin to thrombin. Prior studies
had shown that administering rFVIIa within 4 h of IPH onset reduced mortality
and was associated with better functional outcomes after 3 months [52e]. FAST
randomly assigned 841 IPH patients to receive 20 pg/kg of rFVIIa, 80 pg/kg, or
placebo within 4 h after onset. The primary outcome was severe disability on
mRS or death at 90 days. The highest dose group had statistically significant but
clinically minor reduction in IPH growth (a difference of only 2.6 mL in the
group receiving 20 pg/kg and 3.8 mL in the group receiving 80 ng/kg) as
compared with the placebo group. All three groups had equivalent percentages
of patients with poor outcomes (24% placebo group, 26% 20 pg/kg of rFVIla,
and 29% 80 pg/kg). The administration of rFVIIa failed to improve functional
outcomes or reduce mortality.

Patients with abnormalities of platelets, coagulation factors, or who are
taking anticoagulants have an increased likelihood of IPH expansion due to
their decreased propensity to form stable clot. Ultra-early hemostatic therapy
with replacement of the deficient factors or transfusion with functional platelets
is indicated. Patients on oral anticoagulants account for up to 20% of patients
with IPH [53]. Patients on vitamin K antagonists should have their drug
withheld and should receive vitamin K, but as this takes up to 24 h to work,
they benefit from prothrombin complex concentrate (PCC) since this corrects
the INR more quickly (5.7 vs 11.8 h, respectively) and has a better safety profile
than fresh frozen plasma (FFP) [54, 55]. If PCC is unavailable, FFP can be
administered. Direct oral anticoagulants including direct thrombin inhibitors
(DTIs) and factor Xa inhibitors (FXa-Is) are increasingly used due to their
apparent advantages over warfarin and increased indications for
anticoagulation. Currently, only dabigatran has a reversal agent (idarucizumab,
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a humanized monoclonal antibody fragment against dabigatran), and for the
others, there is no high-quality evidence for drug removal from the circulation,
pro-hemostatic therapies like DDAVP or anti-fibrinolytic agents, or the admin-
istration of prothrombin complex concentrates [51¢]. Andexanet alfa is a factor
Xa inhibitor antidote intended for patients presenting with major bleeds who
are taking FXa-Is. FDA approval is pending at the time of this review. Most
hospital protocols include the administration of PCC for the reversal of FXa-Is,
while there is currently no randomized prospective data to base this decision on
there are case series and some animal experiments [56-59].

There is considerable controversy surrounding patients on antiplatelet
agents. In the recent past several reports, worse clinical outcomes and increased
hematoma expansion in these patients had been described [60, 61]. Recent
studies show that rates of hematoma expansion and outcome are independent
of antiplatelet use [62, 63]. A number of recent observational studies suggested
that platelet transfusion could be of benefit in IPH, so a randomized phase 3
trial (the PATCH trial) was recently completed in Europe looking at whether
platelet transfusion in IPH patients improved outcomes [64, 65ee]. Patients
who received platelets were actually more likely to have poor outcomes at
3 months than those who did not (OR 2.5, 95% CI 1.18-3.56, p=0.0114).
Further, 42% of patients who got platelets had serious adverse events compared
to 29% in the control group. Platelet transfusion is not currently indicated in
IPH patients pending further clinical trials and can only be considered as a risk
reduction measure in patients planned for urgent neurosurgical intervention
[66, 67].

Venous thromboembolism prophylaxis

The priority of stopping the bleeding in IPH and avoiding triggering further
bleeding must be balanced against the need to prevent deep venous thrombo-
embolism (DVT). The incidence of symptomatic DVT in patients with IPH has
been reported in retrospective case series to be on the order of 1-3% [68, 69],
with symptomatic pulmonary embolism in 0.5-1% of IPH patients [70].
Previously, recommendations regarding the use of compressive stockings and
intermittent pneumatic compression (IPC) devices in IPH were extrapolated
from data in similar settings (post-neurosurgical patients, ischemic stroke
patients) but a randomized trial considered this setting specifically, showing
that in a group of 151 patients, 15.7% with compression stockings alone and
4.7% of those with IPC and stockings developed DVT (relative risk 0.29, 95% CI
0.08 to 1.00) [71]. The CLOTS3 trial showed an absolute risk reduction of 3.6%
(95% confidence interval 1.4-5.8) of DVT in patients with the use of IPC [72]. It
is therefore recommended that patients receive DVT prophylaxis with pneu-
matic compression devices (with or without compression stockings) immedi-
ately upon hospital admission and continuing until discharge [73]. The evi-
dence for the use of DVT prophylaxis with subcutaneous unfractionated (UFH)
or low molecular weight (LMWH) heparin in ICH relies on two small prospec-
tive randomized trials which were limited by their small size on low frequency
of hemorrhagic or thromboembolic events [74, 75]. A comprehensive meta-
analysis of these and two other observational studies showed the use of UFH or
LMWH to be effective in reducing PE (RR 0.37, 95% CI 0.17-0.80) but no effect
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on the incidence of DVT, expansion of hematoma, or death [75]. Current
guidelines recommend the use of subcutaneous UFH or LMWH in those ICH
patients with lack of mobility who have stable hematomas after 1 to 4 days
from onset [73].

Seizure management

Most patients with spontaneous IPH do not experience seizures, but in the first
7 days, up to 16% experience clinical seizures and up to 31% have
electrographic seizures [76-78]. Current guidelines support continuous EEG
monitoring in patients with clinical seizures or patients with mental status
deterioration out of proportion to their IPH [9ee]. Seizures are the product of
cortical irritation and are most likely in patients with cortical extension of their
ICH [79, 80]. Of note, while a large single center study has shown that prophy-
laxis decreases the risk of seizures in IPH, prospective studies report that seizures
do not seem to effect mortality or neurologic outcome [81, 82e, 83]. In fact, the
available data seems to suggest that antiepileptic prophylaxis is associated with
worse outcomes and increased mortality in particular with phenytoin [84, 85].
In response, leviteracetam use for seizure prophylaxis has been on the rise
despite limited knowledge about its potential effects on outcomes [86]. Present
guidelines do not support the use of anti-seizure medications for prophylaxis in
ICH but do recommend treating patients who have seizures accompanied by a
change in mental status.

Medical complications

IPH is associated with a number of medical complications which must be
managed along with the primary insult. In the 607 patient Cerebral Hematoma
and NXY Treatment trial, 88% of patients had at least one adverse event [87].
These included in order of frequency pneumonia, pulmonary embolism, respi-
ratory failure, aspiration pneumonia, sepsis, and urinary tract infection. Given
that medical complications of stroke cause up to 50% of mortality in this
context, aggressive management of these complications is imperative. Dyspha-
gia is a risk factor for aspiration and consequent aspiration pneumonia or
chemical pneumonitis, but formal bedside swallow screening for all stroke
patients has been shown in a prospective multicenter study to reduce the
absolute risk of pneumonia from roughly 5 to 2% [88]. A Cochrane meta-
analysis of 33 studies looking at nutrition and swallowing in stroke showed that
avoiding malnutrition is possible with placement of an orogastric or nasogastric
feeding tube and that PEG placement reduces treatment failures and GI bleed-
ing while increasing food delivery [89]. Up to 21% of patients with IPH require
mechanical ventilation for inability to protect their airway [90]. Ventilated
patients are at risk for in hospital mortality as high as 48% and should be
surveilled for ventilator-associated pneumonia and acute respiratory distress
syndrome [91]. To minimize risk of aspiration pneumonia, the head of the bed
should be kept at 30°, frequent oral care should be instituted, and the duration
of intubation should be minimized when possible [92]. In non-intubated
patients without concerns for elevated intracranial pressure, the recently pub-
lished Head PoST trial which included 930 patients with acute intracerebral
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hemorrhage determined whether laying patients flat improves cerebral perfu-
sion and outcomes without increasing the risk of pneumonia versus positioning
of at least 30°. Rate of pneumonia in patients kept flat was not statistically
different from the rate in patients with the head of bed elevated [93]. Of note,
the trial excluded intubated patients and did not provide a description or
stratification of the clinical severity of the IPH. Supine positioning did not
provide outcome benefit in this trial and is therefore not required or encouraged
in IPH patients.

Glycemic management

Hyperglycemia is an independent risk factor for death and poor outcomes in
patients with IPH, regardless of whether there is underlying diabetes mellitus
[94]. Intensive control of glucose to 80-110 mg/dL has been shown to both
increase incidence of hypoglycemia and intracranial hypertension in one study
[95] and to decrease it in another [96]. At present, there is no large randomized
controlled trial demonstrating the effectiveness of strict normoglycemia in IPH
and it is not recommended [97]. IPH patients should have frequent monitoring
of glucose to avoid extreme hypo and hyperglycemia, but normoglycemia
should not be an aggressively pursued goal.

Avoiding hyperthermia and hypothermia

Disposition

Fever is common after IPH and has an established relationship with worse
outcomes and hematoma growth [98]. While a causal relationship has not been
established between the complex inflammatory, neurohumeral, and metabolic
cascades involved in temperature management and their derangement in the
context of IPH, it seems intuitive that targeting normothermia could improve
outcomes. However, maintenance of normothermia has not been shown to
have an impact on improving outcomes [99]. In the broader context of neuro-
logic injury, there have been a number of animal studies showing neuropro-
tective effects of hypothermia, but in humans and particularly in the setting of
IPH, cooling is only recommended in the context of ongoing trials as contro-
versy exists regarding the optimal temperature to target, the speed of cooling, its
duration, and speed of rewarming along with management of side effects [ 100].
There are no trials looking at outcomes of hypothermia in IPH, but a small (80
patients) case controlled study of normothermia in IPH showed no difference
in outcomes and increased length of ICU stay, increased duration on ventilator,
and reduced clearance of sedation, suggesting that benefits of normothermia
must be balanced against several risks [101]. Present guidelines therefore leave
targeted hypothermia in IPH relegated properly to investigational use and state
that management of fever “may be reasonable” [9ee].

Upon stabilization, patients with IPH should be dispositioned to dedicated
neurological intensive care or stroke units, especially in the initial 24 h of care
[102ee]. Diringer et al. analyzed 36,986 IPH patients and showed that
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placement outside of a dedicated neurointensive care unit increased the likeli-
hood of mortality (OR 3.4; 95% confidence interval 1.65-7.6) while care under
a full time intensivist was associated with lower mortality (OR, 0.388; 95% CI,
0.22-0.67). Patients requiring ventriculostomy drainage or mechanical venti-
lation will necessarily require ICU care, ideally in a dedicated neurological unit.

Surgical management

Surgical management usually follows a trial of conservative medical therapy
[103]. Intracranial blood is neurotoxic. The disruption of the local anatomy
leads to ischemia, glutamate release and consequent excitotoxicity, vasogenic
edema, oxidative stress, inflammation, and necrosis [104]. Secondary injury is
caused by erythrocytes, plasma proteins, and inflammatory mediators released
locally [105]. Further, the volume of blood in the brain can increase ICP or
prove obstructive, leading to intracranial pressure elevation. Inflammatory cells
vital for removal of cellular debris contribute to ongoing inflammation. The
cytotoxic pro-oxidative and pro-inflammatory environment created by these
cells and molecules is further augmented by the breakdown of hemoglobin and
activation of the coagulation pathway. The final outcome is disruption of the
blood-brain barrier, perihematomal edema, and destruction of damaged and
healthy tissue. The initial removal of the hemorrhage should theoretically
interrupt or at least mitigate the secondary destruction of tissue in the brain,
improve elevated ICP, prevent brain herniation, and lead to improved survival
and outcomes.

The recommendations for ICP monitoring in IPH is largely borrowed from
the traumatic brain injury literature, where ICP monitor placement is recom-
mended in patients with a GCS of 8 or less, with a goal of maintaining ICP <20
and CPP at 50 to 70 mmHg [106]. The use of ICP monitoring would seem to
make intuitive sense in patients with an IPH, but ICP monitoring exposes
patients to non-negligible risk for hemorrhage and infection, and the present
literature is limited in the setting of IPH [107]. In a cohort study of 243 IPH
patients, 57 (23%) underwent ICP monitoring and of those 70% had at least
one episode of elevated intracranial pressure but this did not negatively impact
mRS scores (OR 0.8, 95% CI 0.3-2.3) [108].

In analysis of 100 patients from two prospective multicenter trials of pa-
tients with intraventricular hemorrhage (IVH) who underwent placement of
EVD for injection of intraventricular alteplase or saline, most (91.5%) of the
transduced ICP readings were within normal range, demonstrating the effec-
tiveness of CSF drainage for controlling ICP [109]. ICP readings > 30 mmHg in
this analysis were an independent predictor of 30-day mortality after adjust-
ment for other outcome predictors. ICP monitoring and treatment should be
considered in IPH patients with evidence of herniation, significant IVH or
hydrocephalus, or GCS < 8 [9ee].

Intraventricular extension of IPH (IVH) is seen in almost half of patients
with IPH [110]. The presence of IVH doubles the likelihood or poor outcomes
in spontaneous IPH [111]. Meta-analysis has shown that IPH with IVH in-
creases the risk of mortality from 20 to 51% [112]. Removing the blood from
the ventricles via catheter alone is difficult as blood tends to occlude the catheter
and the speed of drainage is slow [113]. The use of adjunctive thrombolytic
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agents makes catheter-assisted drainage a viable treatment option and has been
demonstrated to be safe and effective in the large randomized, double blind,
placebo-controlled CLEAR-III trial [114e]. In the trial, 500 patients with hyper-
tensive IPH (volume <30 mL) and obstructive hydrocephalus from IVH were
randomized to receive up to 12 doses of alteplase 1 mg or 0.9% saline through
an extraventricular drain every 8 h. The treatment group had significantly lower
mortality (18 vs 29% in the saline-treated group) but a greater proportion with
mRS 5 (17 vs 9% in the control group). Only 2% of subjects in both treatment
and control groups had symptomatic bleeding. At present, this protocol is the
only one demonstrated via a large multicenter randomized controlled trial to be
safe. Intraventricular alteplase cannot currently be recommended for the rou-
tine management of IVH although ongoing studies are evaluating conditions
under which this treatment may have long-term functional benefit which may
be related to more complete reduction of ventricular clot burden.

A number of studies have compared standard craniotomy vs. conservative
treatment. A recent meta-analysis of 10 randomized controlled trials (2059
participants) showed that craniotomy reduced the odds of death or disability
at final follow-up (OR 0.74) [115]. Most often craniotomy is offered to
patients who are having rapid neurological decline, but none of the included
trials specifically considered these patients. The Surgical Treatment of Intrace-
rebral Hemorrhage (STICH) trial compared early surgical evacuation of IPH
to medical therapy [116ee]. The trial did not show a survival advantage in
patients with early surgery. Utilizing the extended Glasgow Outcome Scale
(eGOS) at 6 months, 26% of the surgically treated patients and 24% of those
randomized to conservative medical treatment had a favorable outcome
(OR=0.89, 95% confidence interval [CI]| =0.66-1.19, p=0.41; note that the
difference between groups was not statistically significant); the absolute ben-
efit was 2.3% (-3.2-7.7%), and the relative benefit 10% (- 13-33%). Anal-
ysis of the subgroups of the STICH I trial comparing lobar vs. deep hemor-
rhages showed that cortical IPH location (within 1 cm from cortex) had a
better prognosis in surgically treated patients [117]. The cross-over rate in this
trial was 25% of medical subjects who underwent late surgery for clinical
deterioration [118]. It appears that neither early surgery in all patients nor
surgery only on decompensating patients was of benefit at the time of trial
completion. STITCH II investigated the subgroup of patients from STICH I
who appeared to have improved outcomes: those with superficial hematomas
with no IVH present and with GCS between 8 and 15. STICH II randomized
601 patients to receive either craniotomy within 12 h (307 of 601 patients) or
best medical care (294 patients) with the goal of improved functional out-
come [119]. Median hematoma volume was 36 mL (23.0-55.5 mL). At
6 months, 59% of the surgery group had an unfavorable outcome versus
62% in the initial conservative group (absolute difference = 3.7%, 95% Cl = -
4.3-11.6, OR=0.86, 95% CI=0.62-1.20, p=0.367). The crossover rate from
initial conservative to surgical treatment was 21%. Despite the demonstration
of non-inferiority in STICH II, the surgical technique did not demonstrate
statistically significant clinical improvement using existing surgical techniques
employing open craniotomy with resection of the hemorrhagic tissue. From
these studies, one could conclude that craniotomy to remove clots may only
be effective in a select subset of patients and generally has clinical equipoise
with medical management.
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Open surgical evacuation does not hold significant advantage over medical
therapy. This may be due to the damage cortex that suffers when violated.
Newer minimally invasive techniques are currently being tested which aim to
decrease the damage to cortex and cortical tracts while at the same time offering
increased access to the region of IPH. These include stereotactic-guided place-
ment of brain catheters with aspiration followed by chemical thrombolysis to
slowly evacuate hematomas to single pass stereotactically targeted tubes with
gently sloped obturators which allow for tissue to be pushed aside gently
without injury as opposed to cut through or damaged.

A Cochrane meta-analysis of four randomized controlled trials of acceptable
quality (2996 participants) showed that aspiration of IPH clot decreased the
likelihood of death or dependence significantly (OR 0.80, 95% CI: 0.69-0.93;
P = 0.004) when compared to open craniotomy [120]. The Minimally Invasive
Surgery and rtTPA for Intracerebral Hemorrhage Evacuation (MISTIE) trials I
and II showed that IPH clot can be targeted and drained safely using serial
alteplase injections through a stereotactically targeted catheter [121]. The ongo-
ing MISTIE III trial is investigating whether minimally invasive clot evacuation
with thrombolysis improves functional outcomes at 180 days compared with
conservative management (Clinical Trials.gov identifier NCT01827046).

According to the American Heart Association guidelines, patients with cer-
ebellar hemorrhage causing brainstem compression and rapid neurologic dete-
rioration should undergo surgical removal of the hemorrhage if aggressive
management is pursued [9ee]. Treatment of cerebellar IPH patients with ven-
tricular drainage alone is not recommended. Evacuation of a supratentorial
hematoma or decompressive hemicraniectomy can be considered life-saving for
deteriorating patients, but early hematoma evacuation is not clearly beneficial
for otherwise stable patients. The effectiveness of minimally invasive techniques
for clot evacuation has not been proven with a randomized controlled trial, and
surgical evacuation has been associated with excellent clinical outcomes. More-
over, posterior fossa hemorrhage is often quickly followed by decompensation
in 25 to 75% of patients [122]. Retrospective series have suggested that
suboccipital decompression significantly lowers mortality [122, 123]. Patients
with cerebellar hemorrhage >3 ¢m’, those with brainstem compression or
symptomatic hydrocephalus, have better outcomes with surgical decompres-
sion. Treatment with ventricular drainage alone is ineffective [123].

Current studies are evaluating a number of new devices placed via stereotactic
guidance which enable enhanced drainage of intraparenchymal clots. One device,
the Penumbra Apollo system (Penumbra Inc., Alameda, California, USA), uses a
guided wand which uses vibration in combination with irrigation and suction to
maximize the amount of IPH and IVH evacuated [124]. The NICO Brainpath
system (NICO Corporation, Indianapolis, Indiana, USA) uses a larger caliber tube
with a blunt obturator tip that when inserted through a brain sulcus is designed to
sweep aside rather than cutting white matter tracts. The Brainpath system was
shown recently to achieve a mean volume reduction of 95.7% + 5.8% (range 0-
14 mL, P<0.001) in a series of 35 patients with initial mean ICH volume of
52.7 mL + 22.9 mL and post-evacuation volumes of 2.2 mL + 3.6 mL. Notably, this
technology enabled direct visualization of the surrounding clot area such that in
65% of patients, a bleeding source was identified and treated. The Minimally
invasive Subcortical Parafascicular Access for Clot Evacuation (MiSPACE) studies
have so far shown successful evacuation of clot, and a randomized multicenter trial
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(ENRICH, ClinicalTrials.gov NCT02880878) is currently underway [125e, 126]. It
remains to be seen whether the successful volumetric reduction of clot is matched
with improvement in patient outcomes, but as techniques with increasingly low
morbidity emerge, it is hoped that appropriately selected patents will increasingly
benefit from such treatment.

For patients who are able to make it out of the acute window after IPH and
survive to discharge from hospital, recovery of function continues for many
months after IPH and cannot be fully assessed until 6 to 12 months post-injury
[127]. Unfortunately, up to half of IPH patients who survive will not achieve
functional independence, with families and caregivers bearing that burden for
the rest of their lives [41e]. The present AHA guidelines advocate that all
patients with ICH benefit from well-organized, multidisciplinary rehabilitation
during hospitalization and after discharge [128]. Earlier discharge and rehabil-
itation have been shown in prospective cohort studies to result in improved
functional outcomes [129, 130].

Conclusion

The management of IPH is a challenge shared by emergency providers, neurol-
ogists, neurosurgeons, and intensivists throughout the world. Clinical decision-
making is increasingly supported by evidence-based practices that decrease
mortality, minimize harm, and increase the likelihood of functional outcome.

Compliance with Ethical Standards

Conflict of Interest
Thomas J. Cusack and J. Ricardo Carhuapoma declare no conflict of interest. Dr. Wendy C. Ziai is supported by
National Institutes of Health grants 5U01NS062851 and 1U01NS08082.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

References and Recommended Reading
-]
Papers of particular interest, published recently, have been

highlighted as:

o Of importance

oo Of major importance

l.e Krishnamurthi RV, Feigin VL, Forouzanfar MH, showed that while the mortality from stroke has de-
Mensah GA, Connor M, Bennett DA, et al. Global creased in recent years, the absolute number of strokes
and regional burden of first-ever ischaemic and has been increasing with a high proportion of stroke
haemorrhagic stroke during 1990-2010: findings  burden borne by developing nations. https://doi.org/10.
from the global burden of disease study 2010. 1016/S2214-109X(13)70089-5.
Lancet Glob Health. 2013;1(5):e259-e81. 2. Tkram MA, Wieberdink RG, Koudstaal PJ. International

The first comprehensive assessment of the global burden epidemiology of intracerebral hemorrhage. Curr

of stroke in most regions looking at incidence, preva- Atheroscler Rep. 2012;14(4):300-6. https://doi.org/

lence, mortality, disability, and trends. The paper 10.1007/s11883-012-0252-1.


http://clinicaltrials.gov
http://dx.doi.org/10.1016/S2214-109X(13)70089-5
http://dx.doi.org/10.1016/S2214-109X(13)70089-5

1 Page 16 of 22 Curr Treat Options Neurol (2018) 20: 1

3. Johnston SC, Mendis S, Mathers CD. Global variation intracerebral haemorrhagic stroke in 22 countries (the
in stroke burden and mortality: estimates from moni- INTERSTROKE study): a case-control study. Lancet.
toring, surveillance, and modelling. Lancet Neurol. 2010;376(9735):112-23. https://doi.org/10.1016/
2009;8(4):345-54. https://doi.org/10.1016/S1474- $0140-6736(10)60834-3.
4422(09)70023-7. 13. Zia E, Hedblad B, Pessah-Rasmussen H, Berglund G,

4. Feigin VL, Lawes CMM, Bennett DA, Barker-Collo SL, Janzon L, Engstrom G. Blood pressure in relation to the
Parag V. Worldwide stroke incidence and early case incidence of cerebral infarction and intracerebral
fatality reported in 56 population-based studies: a sys- hemorrhage. Hyperten Hemorrhage: Debated
tematic review. Lancet Neurol. 2009;8(4):355-69. Nomendl Still Relevant. 2007;38(10):2681-5.
https://doi.org/10.1016/S1474-4422(09)70025-0. 14. Zhang Y, Tuomilehto J, Jousilahti P, Wang'Y,

5. Rincon F, Mayer SA. The epidemiology of intracerebral Antikainen R, Hu G. Lifestyle factors on the risks of
hemorrhage in the United States from 1979 to 2008. ischemic and hemorrhagic stroke. Arch Intern Med.
Neurocrit Care. 2013;19(1):95-102. https://doi.org/ 2011;171(20):1811-8. https://doi.org/10.1001/
10.1007/s12028-012-9793-y. archinternmed.2011.443.

6. Zahuranec DB, Lisabeth LD, Sanchez BN, Smith MA, 15.  Andersen KK, Olsen TS, Dehlendorft C, Kammersgaard
Brown DL, Garcia NM, et al. Intracerebral hemorrhage LP. Hemorrhagic and ischemic strokes compared
mortality is not changing despite declining incidence. stroke severity, mortality, and risk factors. Stroke.
Neurology. 2014;82(24):2180-6. https://doi.org/10. 2009;40(6):2068-72. https://doi.org/10.1161/
1212/WNL.0000000000000519. STROKEAHA.108.540112.

7. Bamford J, Sandercock P, Dennis M, Burn J, Warlow C.  16. Suh T, Jee SH, Kim HC, Nam CM, Kim IS, Appel LJ. Low
A prospective study of acute cerebrovascular disease in serum cholesterol and haemorrhagic stroke in men:
the community: the Oxfordshire community stroke Korea medical insurance corporation study. Lancet.
project-1981-86. 2. Incidence, case fatality rates and 2001;357(9260):922-5. https://doi.org/10.1016/
overall outcome at one year of cerebral infarction, S0140-6736(00)04213-6.
primary intracerebral and subarachnoid haemorrhage. 17. Suzuki K, Izumi M, Sakamoto T, Hayashi M. Blood
J Neurol Neurosurg Psychiatry. 1990;53(1):16. pressure and Total cholesterol level are critical risks

8. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster especially for hemorrhagic stroke in Akita. Japan
G. Volume of intracerebral hemorrhage - a powerful Cerebrovasc Dis. 2011;31(1):100-6. https://doi.org/
and easy to use predictor of 30-day mortality. Stroke. 10.1159/000321506.
1993;24(7):987-93. https://doi.org/10.1161/01.STR. 18. Sarwar N, Gao P, Seshasai SRK, Gobin R, Kaptoge S, Di
24.7.987. Angelantonio E, et al. Diabetes mellitus, fasting blood

9.e¢  Hemphill JC, III GSM, Anderson CS, Becker K, Bendok glucose concentration, and risk of vascular disease: a
BR, Cushman M, et al. Guidelines for the Management collaborative meta-analysis of 102 prospective studies.
of Spontaneous Intracerebral Hemorrhage a Guideline Lancet. 2010;375(9733):2215-22. https://doi.org/10.
for healthcare professionals from the American Heart 1016/S0140-6736(10)60484-9.

Association/American Stroke Association. Stroke. 19. Knudsen KA, Rosand J, Karluk D, Greenberg SM. Clin-
2015;46(7):2032-60. ical diagnosis of cerebral amyloid angiopathy: valida-

Delayed by a year at the time of preparation to allow for tion of the Boston criteria. Neurology.

inclusion of a number of landmark studies, this is to date the 2001;56(4):537-9. https://doi.org/10.1212/WNL.56.

most recent and comprehensive set of guidelines for the man- 4.537.

agement of spontaneous ICH. It is essential reading for anyone 2. He J, Whelton PK, Vu B, Klag MJ. Aspirin and risk of

in the field. https://doi.org/10.1161/STR.0000000000000069. hemon‘hagic stroke - a meta-ana]ysis of randomized

10.e  van Asch CJJ, Luitse MJA, Rinkel GJE, van der Tweel |, controlled trials. Jama-J] Am Med Assoc.

Algra A, Klijn CJM. Incidence, case fatality, and func- 1998;280(22):1930-5. https://doi.org/10.1001/jama.
tional outcome of intracerebral haemorrhage over 280.22.1930.

time, according to age, sex, and ethnic origin: a sys- 21.  Flaherty ML, Kissela B, Woo D, Kleindorfer D, Alwell K,
tematic review and meta-analysis. Lancet Neurol. Sekar P, et al. The increasing incidence of
2010;9(2):167-76. anticoagulant-associated intracerebral hemorrhage.

This paper effectively marshals a large body of data to show Neurology. 2007;68(2):116-21. https://doi.org/10.

with evidence what many practitioners already know to be 1212/01.wnl.0000250340.05202.8b.

true: that no significant impact has been made on decreasing 57 Chatterjee S, Sardar P, Biondi-Zoccai G, Kumbhani DJ.

case fatality in intracranial hemorrhage in recent years. The New oral anticoagulants and the risk of intracranial

need for improved treatment and improved outcomes is ur- hemorrhage: traditional and bayesian meta-analysis
gent. https://doi.org/10.1016/51474-4422(09)70340-0. and mixed treatment comparison of randomized trials

11.  Ariesen MJ, Claus SP, Rinkel GJE, Algra A. Risk factors of new oral anticoagulants in atrial fibrillation. JAMA
for intracerebral hemorrhage in the general popula- Neurol. 2013;70(12):1486-90. https://doi.org/10.
tion. Syst Rev. 2003;34(8):2060-5. 1001/jamaneurol.2013.4021.

12. O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao- 23, Pisters R, Lane DA, Nieuwlaat R, de Vos CB,

Melacini P, et al. Risk factors for ischaemic and

Crijns HJ, Lip GY. A novel user-friendly score


http://dx.doi.org/10.1016/S1474-4422(09)70023-7
http://dx.doi.org/10.1016/S1474-4422(09)70023-7
http://dx.doi.org/10.1016/S1474-4422(09)70025-0
http://dx.doi.org/10.1007/s12028-012-9793-y
http://dx.doi.org/10.1007/s12028-012-9793-y
http://dx.doi.org/10.1212/WNL.0000000000000519
http://dx.doi.org/10.1212/WNL.0000000000000519
http://dx.doi.org/10.1161/01.STR.24.7.987
http://dx.doi.org/10.1161/01.STR.24.7.987
http://dx.doi.org/10.1161/STR.0000000000000069
http://dx.doi.org/10.1016/S1474-4422(09)70340-0
http://dx.doi.org/10.1016/S0140-6736(10)60834-3
http://dx.doi.org/10.1016/S0140-6736(10)60834-3
http://dx.doi.org/10.1001/archinternmed.2011.443
http://dx.doi.org/10.1001/archinternmed.2011.443
http://dx.doi.org/10.1161/STROKEAHA.108.540112
http://dx.doi.org/10.1161/STROKEAHA.108.540112
http://dx.doi.org/10.1016/S0140-6736(00)04213-6
http://dx.doi.org/10.1016/S0140-6736(00)04213-6
http://dx.doi.org/10.1159/000321506
http://dx.doi.org/10.1159/000321506
http://dx.doi.org/10.1016/S0140-6736(10)60484-9
http://dx.doi.org/10.1016/S0140-6736(10)60484-9
http://dx.doi.org/10.1212/WNL.56.4.537
http://dx.doi.org/10.1212/WNL.56.4.537
http://dx.doi.org/10.1001/jama.280.22.1930
http://dx.doi.org/10.1001/jama.280.22.1930
http://dx.doi.org/10.1212/01.wnl.0000250340.05202.8b
http://dx.doi.org/10.1212/01.wnl.0000250340.05202.8b
http://dx.doi.org/10.1001/jamaneurol.2013.4021
http://dx.doi.org/10.1001/jamaneurol.2013.4021

Curr Treat Options Neurol (2018) 20: 1

Page 17 of 22 1

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(HAS-BLED) to assess 1-year risk of major bleed-
ing in patients with atrial fibrillation: the euro
heart survey. Chest. 2010;138(5):1093-100.
https://doi.org/10.1378/chest.10-0134.

Camm AJ, Lip GYH, De Caterina R, Savelieva I, Atar D,
Hohnloser SH, et al. 2012 focused update of the ESC
guidelines for the management of atrial fibrillation.
Eur Heart J. 2012;33(21):2719-47. https://doi.org/10.
1093/eurheartj/ehs253.

Dye JA, Rees G, Yang I, Vespa PM, Martin NA, Vinters
HV. Neuropathologic analysis of hematomas evacuat-
ed from patients with spontaneous intracerebral hem-
orrhage. Neuropathology. 2014;34(3):253-60. https://
doi.org/10.1111/neup.12089.

Halpin SFS, Britton JA, Byrne JV, Clifton A, Hart G,
Moore A. Prospective evaluation of cerebral-
angiography and computed tomography in cerebral
hematoma. J Neurol Neurosurg Psychiatry.
1994;57(10):1180-6. https://doi.org/10.1136/jnnp.
57.10.1180.

Zhu XL, Chan MSY, Poon WS. Spontaneous in-
tracranial hemorrhage: which patients need diag-
nostic cerebral angiography? A prospective study
of 206 cases and review of the literature. Stroke.
1997;28(7):1406-9. https://doi.org/10.1161/01.
STR.28.7.1406.

Keep RF, Hua Y, Xi G. Intracerebral haemorrhage:
mechanisms of injury and therapeutic targets. Lancet
Neurol. 2012;11(8):720-31. https://doi.org/10.1016/
$1474-4422(12)70104-7.

Jauch EC, Pineda JA, Claude HJ. Emergency neurolog-
ical life support: intracerebral hemorrhage. Neurocrit
Care. 2015;23(2):83-93. https://doi.org/10.1007/
$§12028-015-0167-0.

Goldstein LB, Bertels C, Davis JN. Interrater reliability
of the nih stroke scale. Arch Neurol. 1989;46(6):660-
2. https://doi.org/10.1001/archneur.1989.
00520420080026.

Wang C-W, Liu Y-J, Lee Y-H, Hueng D-Y, Fan H-C, Yang
F-C, et al. Hematoma shape, hematoma size, Glasgow
coma scale score and ICH score: which predicts the 30-
day mortality better for intracerebral hematoma? PLoS
One. 2014;9(7):€102326. https://doi.org/10.1371/
journal.pone.0102326.

Bekelis K, Desai A, Zhao W, Gibson D, Gologorsky D,
Eskey C, et al. Computed tomography angiography:
improving diagnostic yield and cost effectiveness in the
initial evaluation of spontaneous nonsubarachnoid
intracerebral hemorrhage. ] Neurosurg.
2012;117(4):761-6. https://doi.org/10.3171/2012.7.
JNS12281.

Delgado Almandoz JE, Jagadeesan BD, Moran
CJ, Cross DT 3rd, Zipfel GJ, Lee JM, et al. In-
dependent validation of the secondary intrace-
rebral hemorrhage score with catheter angiogra-
phy and findings of emergent hematoma evac-
uation. Neurosurgery. 2012;70(1):131-40; dis-
cussion 40. https://doi.org/10.1227/NEU.
0b013e31822fbf43.

34. Stam J. Thrombosis of the cerebral veins and sinuses. N
Engl ] Med. 2005;352(17):1791-8. https://doi.org/10.
1056/NEJMra042354.

35. Kuramatsu JB, Bobinger T, Volbers B, Staykov D,
Lucking H, Kloska SP, et al. Hyponatremia is an inde-
pendent predictor of in-hospital mortality in sponta-
neous intracerebral hemorrhage. Stroke.
2014;45(5):1285-91. https://doi.org/10.1161/
STROKEAHA.113.004136.

36. Gray JR, Morbitzer KA, Liu-DeRyke X, Parker D,
Zimmerman LH, Rhoney DH. Hyponatremia in pa-
tients with spontaneous intracerebral hemorrhage. J
Clin Med. 2014;3(4):1322-32. https://doi.org/10.
3390/jcm3041322.

37. van der Jagt M. Fluid management of the neurological
patient: a concise review. Crit Care. 2016;20(1):126.
https://doi.org/10.1186/s13054-016-1309-2.

38. Hemphill JC, White DB. Clinical nihilism in neuro-
emergencies. Emerg Med Clin North Am.
2009;27(1):27-37, vii-viii. https://doi.org/10.1016/j.
emc.2008.08.009.

39. Becker KJ, Baxter AB, Cohen WA, Bybee HM, Tirschwell

DL, Newell DW, et al. Withdrawal of support in intra-

cerebral hemorrhage may lead to self-fulfilling proph-

ecies. Neurology. 2001;56(6):766-72. https://doi.org/
10.1212/WNL.56.6.766.

Hemphill JC, Bonovich DC, Besmertis L, Manley GT,

Johnston SC.The ICH score. Asimple, reliable grading scale

for intracerebral hemorrhage. Stroke. 2001;32(4):891-7.

https;//doi.org/10.1161/01.STR.32.4.891.

The ICH score has seen widespread clinical adoption over the last

two decades. It has been repeatedly externally validated and en-

ables rapid communication of ICH severity between providers. It
was not intended to guide the decision to withold treatment,
however.

41.e  Rost NS, Smith EE, Chang Y, Snider RW, Chanderraj R,
Schwab K, et al. Prediction of functional outcome in
patients with primary intracerebral hemorrhage. The
FUNC Score. 2008;39(8):2304-9.

The most important consideration in ICH survivors is what

their level of functional independence will be. This is a useful

evidence based tool that allows providers to approximate what
patient's functional outcomes might look like after survival.

42. Maas MB, Francis BA, Sangha RS, Lizza BD, Liotta EM,

Naidech AM. Refining prognosis for intracerebral

hemorrhage by early reassessment. Cerebrovasc Dis.

2017;43(3-4):110-6. https://doi.org/10.1159/

000452679.

Brouwers HB, Raffeld MR, van Nieuwenhuizen KM,

Falcone GJ, Ayres AM, McNamara KA, et al. CT angi-

ography spot sign in intracerebral hemorrhage predicts

active bleeding during surgery. Neurology.
2014;83(10):883-9.

The spot sign is widely understood to be a sign of clinical

severity in ICH. https://doi.org/10.1212/WNL.

0000000000000747.

44. Dowlatshahi D, Demchuk AM, Flaherty ML, Ali M,
Lyden PL, Smith EE. Defining hematoma expansion in
intracerebral hemorrhage: relationship with patient

40.00

43.0


http://dx.doi.org/10.1378/chest.10-0134
http://dx.doi.org/10.1093/eurheartj/ehs253
http://dx.doi.org/10.1093/eurheartj/ehs253
http://dx.doi.org/10.1111/neup.12089
http://dx.doi.org/10.1111/neup.12089
http://dx.doi.org/10.1136/jnnp.57.10.1180
http://dx.doi.org/10.1136/jnnp.57.10.1180
http://dx.doi.org/10.1161/01.STR.28.7.1406
http://dx.doi.org/10.1161/01.STR.28.7.1406
http://dx.doi.org/10.1016/S1474-4422(12)70104-7
http://dx.doi.org/10.1016/S1474-4422(12)70104-7
http://dx.doi.org/10.1007/s12028-015-0167-0
http://dx.doi.org/10.1007/s12028-015-0167-0
http://dx.doi.org/10.1001/archneur.1989.00520420080026
http://dx.doi.org/10.1001/archneur.1989.00520420080026
http://dx.doi.org/10.1371/journal.pone.0102326
http://dx.doi.org/10.1371/journal.pone.0102326
http://dx.doi.org/10.3171/2012.7.JNS12281
http://dx.doi.org/10.3171/2012.7.JNS12281
http://dx.doi.org/10.1227/NEU.0b013e31822fbf43
http://dx.doi.org/10.1227/NEU.0b013e31822fbf43
http://dx.doi.org/10.1056/NEJMra042354
http://dx.doi.org/10.1056/NEJMra042354
http://dx.doi.org/10.1161/STROKEAHA.113.004136
http://dx.doi.org/10.1161/STROKEAHA.113.004136
http://dx.doi.org/10.3390/jcm3041322
http://dx.doi.org/10.3390/jcm3041322
http://dx.doi.org/10.1186/s13054-016-1309-2
http://dx.doi.org/10.1016/j.emc.2008.08.009
http://dx.doi.org/10.1016/j.emc.2008.08.009
http://dx.doi.org/10.1212/WNL.56.6.766
http://dx.doi.org/10.1212/WNL.56.6.766
http://dx.doi.org/10.1161/01.STR.32.4.891
http://dx.doi.org/10.1159/000452679
http://dx.doi.org/10.1159/000452679
http://dx.doi.org/10.1212/WNL.0000000000000747
http://dx.doi.org/10.1212/WNL.0000000000000747

1 Page 18 of 22

Curr Treat Options Neurol (2018) 20: 1

outcomes. Neurology. 2011;76(14):1238-44. https://
doi.org/10.1212/WNL.0b013e3182143317.

45. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T,
Sauerbeck L, et al. Early hemorrhage growth in patients
with intracerebral hemorrhage. Stroke. 1997;28(1):1-
5. https://doi.org/10.1161/01.STR.28.1.1.

46. Hallevi H, Abraham AT, Barreto AD, Grotta JC, Savitz
SI. The spot sign in intracerebral hemorrhage: the im-
portance of looking for contrast extravasation.
Cerebrovasc Dis. 2010;29(3):217-20. https://doi.org/
10.1159/000267842.

47. Specogna AV, Turin TC, Patten SB, Hill MD. Factors
associated with early deterioration after spontaneous
intracerebral hemorrhage: a systematic review and
meta-analysis. PLoS One. 2014;9(5):e96743. https://
doi.org/10.1371/journal.pone.0096743.

48. Webb AJS, Ullman NL, Morgan TC, Muschelli J,
Kornbluth J, Awad IA, et al. Accuracy of the ABC/2
score for intracerebral hemorrhage. Systematic review
and analysis of MISTIE, CLEAR-IVH, and CLEAR III.
Stroke. 2015;46(9):2470-6. https://doi.org/10.1161/
STROKEAHA.114.007343.

49.e¢  Anderson CS, Heeley E, Huang Y, Wang J, Stapf C,
Delcourt C, et al. Rapid blood-pressure lowering in
patients with acute intracerebral hemorrhage. N Engl J
Med. 2013;368(25):2355-65.

INTERACT 2 was a landmark, guideline shifting large ran-

domized trial that showed aggressive early blood pressure

lowering in ICH to be, if only slightly impactful in improving
functional outcomes, safe and not deleterious for patients.
https://doi.org/10.1056/NEJMoa1214609.

50.ee Qureshi Al, Palesch YY, Barsan WG, Hanley DF,
Hsu CY, Martin RL, et al. Intensive blood-pressure
lowering in patients with acute cerebral hemor-
rhage. N Engl ] Med. 2016;375(11):1033-43.

ATACH 1II was a large randomized trial that considered

specific blood presssure targets for blood pressure low-

ering in spontaneous ICH in the first 24 hours and at
their impact on reducing death and disability. The
groups in this trial had notably lower blood pressure
targets than had been used in previous trials, but there
was no significant improvement in outcomes with the
intervention. https://doi.org/10.1056/NEJM0al603460.

51.e  Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S,
Diringer MN, et al. Efficacy and safety of recombinant
activated factor VII for acute intracerebral hemorrhage.
N Engl ] Med. 2008;358(20):2127-37.

A large well designed study that unfortunately failed to find

clinical benefit to agressive blood pressure lowering. At the

same time it did establish that such treatment was at least safe.
https://doi.org/10.1056/NEJM0a0707534.

52.¢  Mayer SA, Brun NG, Begtrup K, Broderick J, Davis S,
Diringer MN, et al. Recombinant activated factor VII for
acute intracerebral hemorrhage. N Engl ] Med.
2005;352(8):777-85.

A study which failed to find clinical benefit using supplemen-

tation of recombinant factor VII. The approach is not used

clinically in ICH and other trials of such an approach have not
been forthcoming. https://doi.org/10.1056/NEJM0a042991.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Huhtakangas J, Tetri S, Juvela S, Saloheimo P, Bode
MK, Hillbom M. Effect of increased warfarin use on
warfarin-related cerebral hemorrhage: a longitudinal
population-based study. Stroke. 2011;42(9):2431-5.
https://doi.org/10.1161/STROKEAHA.111.615260.
Hickey M, Gatien M, Taljaard M, Aujnarain A, Giulivi
A, Perry JJ. Outcomes of urgent warfarin reversal with
frozen plasma versus prothrombin complex concen-
trate in the emergency department. Circulation.
2013;128(4):360-4. https://doi.org/10.1161/
CIRCULATIONAHA.113.001875.

Sarode R, Milling TJ, Refaai MA, Mangione A,
Schneider A, Durn BL, et al. Efficacy and safety of
a 4-factor prothrombin complex concentrate in
patients on vitamin K antagonists presenting with
major bleeding: a randomized, plasma-controlled,
phase IIIb study. Circulation. 2013;128(11):1234-
43.

Marlu R, Hodaj E, Paris A, Albaladejo P, Cracowski JL,
Pernod G. Effect of non-specific reversal agents on
anticoagulant activity of dabigatran and rivaroxaban: a
randomised crossover ex vivo study in healthy volun-
teers. Thromb Haemost. 2012;108(2):217-24. https://
doi.org/10.1160/TH12-03-0179.

Maurice-Szamburski A, Graillon T, Bruder N. Favorable
outcome after a subdural hematoma treated with feiba
in a 77-year-old patient treated by rivaroxaban. J
Neurosurg Anesthesiol. 2014;26(2):183. https://doi.
org/10.1097/ANA.0000000000000030.

Lambourne MD, Eltringham-Smith LJ, Gataiance S,
Amold DM, Crowther MA, Sheffield WP. Prothrombin
complex concentrates reduce blood loss in murine
coagulopathy induced by warfarin, but not in that
induced by dabigatran etexilate. ] Thromb Haemost :
JTH. 2012;10(9):1830-40. https://doi.org/10.1111/j.
1538-7836.2012.04863 x.

Pragst I, Zeitler SH, Doerr B, Kaspereit FJ, Herzog E,
Dickneite G, et al. Reversal of dabigatran
anticoagulation by prothrombin complex concentrate
(Beriplex P/N) in a rabbit model. ] Thromb Haemost :
JTH. 2012;10(9):1841-8. https://doi.org/10.1111/j.
1538-7836.2012.04859 x.

Saloheimo P, Ahonen M, Juvela S, Pyhtinen J,
Savolainen ER, Hillbom M. Regular aspirin-use pre-
ceding the onset of primary intracerebral hemorrhage
is an independent predictor for death. Stroke.
2006;37(1):129-33. https://doi.org/10.1161/01.STR.
0000196991.03618.31.

Toyoda K, Okada Y, Minematsu K, Kamouchi M,
Fujimoto §, Ibayashi S, et al. Antiplatelet therapy
contributes to acute deterioration of intracerebral
hemorrhage. Neurology. 2005;65(7):1000-4.
https://doi.org/10.1212/01.wnl.0000179178.
37713.69.

Sansing LH, Messe SR, Cucchiara BL, Cohen SN, Lyden
PD, Kasner SE. Prior antiplatelet use does not affect
hemorrhage growth or outcome after ICH. Neurology.
2009;72(16):1397-402. https://doi.org/10.1212/01.
wnl.0000342709.31341.88.


http://dx.doi.org/10.1212/WNL.0b013e3182143317
http://dx.doi.org/10.1212/WNL.0b013e3182143317
http://dx.doi.org/10.1161/01.STR.28.1.1
http://dx.doi.org/10.1159/000267842
http://dx.doi.org/10.1159/000267842
http://dx.doi.org/10.1371/journal.pone.0096743
http://dx.doi.org/10.1371/journal.pone.0096743
http://dx.doi.org/10.1161/STROKEAHA.114.007343
http://dx.doi.org/10.1161/STROKEAHA.114.007343
http://dx.doi.org/10.1056/NEJMoa1214609
http://dx.doi.org/10.1056/NEJMoa1603460
http://dx.doi.org/10.1056/NEJMoa0707534
http://dx.doi.org/10.1056/NEJMoa042991
http://dx.doi.org/10.1161/STROKEAHA.111.615260
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.001875
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.001875
http://dx.doi.org/10.1160/TH12-03-0179
http://dx.doi.org/10.1160/TH12-03-0179
http://dx.doi.org/10.1097/ANA.0000000000000030
http://dx.doi.org/10.1097/ANA.0000000000000030
http://dx.doi.org/10.1111/j.1538-7836.2012.04863.x
http://dx.doi.org/10.1111/j.1538-7836.2012.04863.x
http://dx.doi.org/10.1111/j.1538-7836.2012.04859.x
http://dx.doi.org/10.1111/j.1538-7836.2012.04859.x
http://dx.doi.org/10.1161/01.STR.0000196991.03618.31
http://dx.doi.org/10.1161/01.STR.0000196991.03618.31
http://dx.doi.org/10.1212/01.wnl.0000179178.37713.69
http://dx.doi.org/10.1212/01.wnl.0000179178.37713.69
http://dx.doi.org/10.1212/01.wnl.0000342709.31341.88
http://dx.doi.org/10.1212/01.wnl.0000342709.31341.88

Curr Treat Options Neurol (2018) 20: 1

Page 19 of 22 1

63. Moussouttas M, Malhotra R, Fernandez L, Maltenfort
M, Holowecki M, Delgado J, et al. Role of antiplatelet
agents in hematoma expansion during the acute period
of intracerebral hemorrhage. Neurocrit Care.
2010;12(1):24-9. https://doi.org/10.1007/s12028-
009-9290-0.

64. Naidech AM, Liebling SM, Rosenberg NF, Lindholm
PF, Bernstein RA, Batjer HH, et al. Early platelet trans-
fusion improves platelet activity and may improve
outcomes after intracerebral hemorrhage. Neurocrit
Care. 2012;16(1):82-7. https://doi.org/10.1007/
$12028-011-9619-3.

65.e¢  Baharoglu MI, Cordonnier C, Salman RA-S, de Gans K,
Koopman MM, Brand A, et al. Platelet transfusion
versus standard care after acute stroke due to sponta-
neous cerebral haemorrhage associated with antiplate-
let therapy (PATCH): a randomised, open-label, phase
3 trial. Lancet. 2016;387(10038):2605-13.

Platelet transfusion was demonstrated to lead to worse, not

better outcomes in ICH patients. This had been a common

clinical practice worldwide up until this study came out, and
even afterward the practice has not been completely eliminat-
ed. https://doi.org/10.1016/S0140-6736(16)30392-0.

66. Frontera JA, Lewin JJ 3rd, Rabinstein AA, Aisiku
IP, Alexandrov AW, Cook AM, et al. Guideline for
reversal of Antithrombotics in intracranial hem-
orrhage: a statement for healthcare professionals
from the Neurocritical care society and Society of
Critical Care Medicine. Neurocrit Care.
2016;24(1):6-46. https://doi.org/10.1007/s12028-
015-0222-x.

67. LiX, SunZ, Zhao W, Zhang]J, Chen]J, LiY, et al. Effect of
acetylsalicylic acid usage and platelet transfusion on
postoperative hemorrhage and activities of daily living
in patients with acute intracerebral hemorrhage. J
Neurosurg. 2013;118(1):94-103. https://doi.org/10.
3171/2012.9.JNS112286.

68. Skaf E, Stein PD, Beemath A, Sanchez J, Bustamante
MA, Olson RE. Venous thromboembolism in patients
with ischemic and hemorrhagic stroke. Am J Cardiol.
2005;96(12):1731-3. https://doi.org/10.1016/j.
amjcard.2005.07.097.

69. Kim KS, Brophy GM. Symptomatic venous thrombo-
embolism: incidence and risk factors in patients with
spontaneous or traumatic intracranial hemorrhage.
Neurocrit Care. 2009;11(1):28-33. https://doi.org/10.
1007/s12028-009-9201-4.

70. Maramattom BV, Weigand S, Reinalda M, Wijdicks
EFM, Manno EM. Pulmonary complications after in-
tracerebral hemorrhage. Neurocrit Care.
2006;5(2):115-9. https://doi.org/10.1385/
NCC:5:2:115.

71. Lacut K, Bressollette L, Le Gal G, Etienne E, De
Tinteniac A, Renault A, et al. Prevention of venous
thrombosis in patients with acute intracerebral hem-
orrhage. Neurology. 2005;65(6):865-9. https://doi.
01g/10.1212/01.wnl.0000176073.80532.a2.

72. Dennis M, Sandercock P, Reid ], Graham C, Forbes J,
Murray G. Effectiveness of intermittent pneumatic

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.e

compression in reduction of risk of deep vein throm-
bosis in patients who have had a stroke (CLOTS 3): a
multicentre randomised controlled trial. Lancet.
2013;382(9891):516-24. https://doi.org/10.1016/
S0140-6736(13)61050-8.

Nyquist P, Bautista C, Jichici D, Burns J, Chhangani S,
DefFilippis M, et al. Prophylaxis of venous thrombosis
in Neurocritical care patients: an evidence-based
guideline: a statement for healthcare professionals
from the Neurocritical care society. Neurocrit Care.
2016;24(1):47-60. https://doi.org/10.1007/s12028-
015-0221-y.

Boeer A, Voth E, Henze T, Prange HW. Early heparin
therapy in patients with spontaneous intracerebral
haemorrhage. ] Neurol Neurosurg Psychiatry.
1991;54(5):466-7. https://doi.org/10.1136/jnnp.54.5.
466.

Orken DN, Kenangil G, Ozkurt H, Guner C, Gundogdu
L, Basak M, et al. Prevention of deep venous throm-
bosis and pulmonary embolism in patients with acute
intracerebral hemorrhage. Neurologist.
2009;15(6):329-31. https://doi.org/10.1097/NRL.
0b013e3181a93bac.

De HerdtV, Dumont F, Henon H, Derambure P, Vonck
K, Leys D, et al. Early seizures in intracerebral hemor-
rhage: incidence, associated factors, and outcome.
Neurology. 2011;77(20):1794-800. https://doi.org/
10.1212/WNL.0b013e31823648a6.

Bladin CF, Alexandrov AV, Bellavance A, Bornstein N,
Chambers B, Cote R, et al. Seizures after stroke: a
prospective multicenter study. Arch Neurol.
2000;57(11):1617-22. https://doi.org/10.1001/
archneur.57.11.1617.

Szaflarski JP, Rackley AY, Kleindorfer DO, Khoury J,
Woo D, Miller R, et al. Incidence of seizures in the acute
phase of stroke: a population-based study. Epilepsia.
2008;49(6):974-81. https://doi.org/10.1111/j.1528-
1167.2007.01513 x.

Beghi E, D'Alessandro R, Beretta S, Consoli D, Crespi V,
Delaj L, et al. Incidence and predictors of acute symp-
tomatic seizures after stroke. Neurology.
2011;77(20):1785-93. https://doi.org/10.1212/WNL.
0b013e3182364878.

Biffi A, Rattani A, Anderson CD, Ayres AM, Gurol EM,
Greenberg SM, et al. Delayed seizures after intracere-
bral haemorrhage. Brain. 2016;139(Pt 10):2694-705.
https://doi.org/10.1093/brain/aww199.

Passero S, Rocchi R, Rossi S, Ulivelli M, Vatti G.
Seizures after spontaneous supratentorial intrace-
rebral hemorrhage. Epilepsia. 2002;43(10):1175-
80. https://doi.org/10.1046/j.1528-1157.2002.
00302 .x.

Mullen MT, Kasner SE, Messé SR. Seizures do not
increase in-hospital mortality after intracerebral
hemorrhage in the Nationwide inpatient sample.
Neurocrit Care. 2013;19(1):19-24.

It is still not uncommon for many patients with ICH to
get prophylactic antiepileptic drugs.This study demon-
strated that, counterintuitively for many, the practice is


http://dx.doi.org/10.1007/s12028-009-9290-0
http://dx.doi.org/10.1007/s12028-009-9290-0
http://dx.doi.org/10.1007/s12028-011-9619-3
http://dx.doi.org/10.1007/s12028-011-9619-3
http://dx.doi.org/10.1016/S0140-6736(16)30392-0
http://dx.doi.org/10.1007/s12028-015-0222-x
http://dx.doi.org/10.1007/s12028-015-0222-x
http://dx.doi.org/10.3171/2012.9.JNS112286
http://dx.doi.org/10.3171/2012.9.JNS112286
http://dx.doi.org/10.1016/j.amjcard.2005.07.097
http://dx.doi.org/10.1016/j.amjcard.2005.07.097
http://dx.doi.org/10.1007/s12028-009-9201-4
http://dx.doi.org/10.1007/s12028-009-9201-4
http://dx.doi.org/10.1385/NCC:5:2:115
http://dx.doi.org/10.1385/NCC:5:2:115
http://dx.doi.org/10.1212/01.wnl.0000176073.80532.a2
http://dx.doi.org/10.1212/01.wnl.0000176073.80532.a2
http://dx.doi.org/10.1016/S0140-6736(13)61050-8
http://dx.doi.org/10.1016/S0140-6736(13)61050-8
http://dx.doi.org/10.1007/s12028-015-0221-y
http://dx.doi.org/10.1007/s12028-015-0221-y
http://dx.doi.org/10.1136/jnnp.54.5.466
http://dx.doi.org/10.1136/jnnp.54.5.466
http://dx.doi.org/10.1097/NRL.0b013e3181a93bac
http://dx.doi.org/10.1097/NRL.0b013e3181a93bac
http://dx.doi.org/10.1212/WNL.0b013e31823648a6
http://dx.doi.org/10.1212/WNL.0b013e31823648a6
http://dx.doi.org/10.1001/archneur.57.11.1617
http://dx.doi.org/10.1001/archneur.57.11.1617
http://dx.doi.org/10.1111/j.1528-1167.2007.01513.x
http://dx.doi.org/10.1111/j.1528-1167.2007.01513.x
http://dx.doi.org/10.1212/WNL.0b013e3182364878
http://dx.doi.org/10.1212/WNL.0b013e3182364878
http://dx.doi.org/10.1093/brain/aww199
http://dx.doi.org/10.1046/j.1528-1157.2002.00302.x
http://dx.doi.org/10.1046/j.1528-1157.2002.00302.x

1 Page 20 of 22

Curr Treat Options Neurol (2018) 20: 1

not helpful and possibly harmful. https://doi.org/10.
1007/s12028-012-9791-0.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Zandieh A, Messe SR, Cucchiara B, Mullen MT,
Kasner SE. Prophylactic use of antiepileptic drugs
in patients with spontaneous intracerebral hem-
orrhage. J Stroke Cerebrovasc Dis.
2016;25(9):2159-66. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2016.05.026.

Battey TW, Falcone GJ, Ayres AM, Schwab K,
Viswanathan A, McNamara KA, et al. Confounding by
indication in retrospective studies of intracerebral
hemorrhage: antiepileptic treatment and mortality.
Neurocrit Care. 2012;17(3):361-6. https://doi.org/10.
1007/s12028-012-9776-z.

Messe SR, Sansing LH, Cucchiara BL, Herman ST,
Lyden PD, Kasner SE. Prophylactic antiepileptic drug
use is associated with poor outcome following ICH.
Neurocrit Care. 2009;11(1):38-44. https://doi.org/10.
1007/$12028-009-9207-y.

Naidech AM, Beaumont J, Jahromi B, Prabhakaran §,
Kho A, Holl JL. Evolving use of seizure medications
after intracerebral hemorrhage: a multicenter study.
Neurology. 2017;88(1):52-6. https://doi.org/10.
1212/WNL.0000000000003461.

Lyden PD, Shuaib A, Lees KR, Davalos A, Davis SM,
Diener HC, et al. Safety and tolerability of NXY-059 for
acute intracerebral hemorrhage: the CHANT trial.
Stroke. 2007;38(8):2262-9. https://doi.org/10.1161/
STROKEAHA.106.472746.

Hinchey JA, Shephard T, Furie K, Smith D, Wang
D, Tonn S. Formal dysphagia screening protocols
prevent pneumonia. Stroke. 2005;36(9):1972-6.
https://doi.org/10.1161/01.STR.0000177529.
86868.8d.

Geeganage C, Beavan J, Ellender S, Bath PM. Interven-
tions for dysphagia and nutritional support in acute
and subacute stroke. Cochrane Database Syst Rev.
2012;10:Cd000323.

Yaghi S, Moore P, Ray B, Keyrouz SG. Predictors of
tracheostomy in patients with spontaneous intracere-
bral hemorrhage. Clin Neurol Neurosurg.
2013;115(6):695-8. https://doi.org/10.1016/j.
clineuro.2012.08.010.

Elmer J, Hou P, Wilcox SR, Chang Y, Schreiber H,
Okechukwu I, et al. Acute respiratory distress syndrome
after spontaneous intracerebral hemorrhage. Crit Care
Med. 2013;41(8):1992-2001. https://doi.org/10.
1097/CCM.0b013e31828a3f4d.

Alsumrain M, Melillo N, DeBari VA, Kirmani J,
Moussavi M, Doraiswamy V, et al. Predictors and out-
comes of pneumonia in patients with spontaneous
intracerebral hemorrhage. J Intensive Care Med.
2012;28(2):118-23. https://doi.org/10.1177/
0885066612437512.

Anderson CS, Arima H, Lavados P, Billot L, Hackett
ML, Olavarria VV, et al. Cluster-randomized, crossover
trial of head positioning in acute stroke. N Engl ] Med.
2017;376(25):2437-47. https://doi.org/10.1056/
NEJMo0al615715.

94.

95.

96.

97.

98.

99.

100.

101.

102.00

Kimura K, Iguchi Y, Inoue T, Shibazaki K, Matsumoto
N, Kobayashi K, et al. Hyperglycemia independently
increases the risk of early death in acute spontaneous
intracerebral hemorrhage. ] Neurol Sci. 2007;255(1-
2):90-4. https://doi.org/10.1016/j.jns.2007.02.005.
Meier R, Bechir M, Ludwig S, Sommerfeld ], Keel M,
Steiger P, et al. Differential temporal profile of lowered
blood glucose levels (3.5 to 6.5 mmol/l versus 5 to 8
mmol/l) in patients with severe traumatic brain injury.
Crit Care (London, England). 2008;12(4):R98. https://
doi.org/10.1186/cc6974.
Van den Berghe G, Wilmer A, Hermans G, Meersseman
W, Wouters PJ, Milants I, et al. Intensive insulin therapy
in the medical ICU. N Engl ] Med. 2006;354(5):449-
61. https://doi.org/10.1056/NEJM0a052521.
Godoy DA, Di Napoli M, Rabinstein AA. Treating hy-
perglycemia in Neurocritical patients: benefits and
perils. Neurocrit Care. 2010;13(3):425-38. https://doi.
01g/10.1007/512028-010-9404-8.
Rincon F, Lyden P, Mayer SA. Relationship between
temperature, hematoma growth, and functional out-
come after intracerebral hemorrhage. Neurocrit Care.
2013;18(1):45-53. https://doi.org/10.1007/s12028-
012-9779-9.
Broessner G, Beer R, Lackner P, Helbok R, Fischer M,
Pfausler B, et al. Prophylactic, Endovascularly based,
long-term Normothermia in ICU patients with severe
cerebrovascular disease. Bicenter Prospective, Ran-
domized Trial. 2009;40(12):e657-e65.
Marehbian J, Greer DM. Normothermia and stroke.
Cuir Treat Options Neurol. 2017;19(1):4. https://doi.
01g/10.1007/511940-017-0437-6.
Lord AS, Karinja S, Lantigua H, Carpenter A, Schmidt
JM, Claassen J, et al. Therapeutic temperature modu-
lation for fever after intracerebral hemorrhage.
Neurocrit Care. 2014;21(2):200-6. https://doi.org/
10.1007/s12028-013-9948-5.
Diringer MN, Edwards DF. Admission to a
neurologic/neurosurgical intensive care unit is asso-
ciated with reduced mortality rate after intracerebral
hemorrhage. Crit Care Med. 2001;29(3):635-40.

The entire edifice of neurocritical care and stroke neurology
rests on the idea that neurologic patients have better outcomes
when cared for in dedicated units by specially trained practi-
tioners. This paper helps add to the growing body of evidence
that in spite of ongoing challenges in the management of ICH,
expert care can improve outcomes. https://doi.org/10.1097/
00003246-200103000-00031.

103.

104.

Compagnone C, Murray GD, Teasdale GM, Maas AIR,
Esposito D, Princi P, et al. The Management of Pa-
tients with Intradural post-traumatic mass lesions: a
multicenter survey of current approaches to surgical
management in 729 patients coordinated by the Eu-
ropean brain injury consortium. Neurosurgery.
2005;57(6):1183-92. https://doi.org/10.1227/01.
NEU.0000186239.10915.09.

Qureshi Al, Tuhrim S, Broderick JP, Batjer HH, Hon-
do H, Hanley DF. Medical progress: spontaneous
intracerebral hemorrhage. N Engl ] Med.


http://dx.doi.org/10.1007/s12028-012-9791-0
http://dx.doi.org/10.1007/s12028-012-9791-0
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.05.026
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.05.026
http://dx.doi.org/10.1007/s12028-012-9776-z
http://dx.doi.org/10.1007/s12028-012-9776-z
http://dx.doi.org/10.1007/s12028-009-9207-y
http://dx.doi.org/10.1007/s12028-009-9207-y
http://dx.doi.org/10.1212/WNL.0000000000003461
http://dx.doi.org/10.1212/WNL.0000000000003461
http://dx.doi.org/10.1161/STROKEAHA.106.472746
http://dx.doi.org/10.1161/STROKEAHA.106.472746
http://dx.doi.org/10.1161/01.STR.0000177529.86868.8d
http://dx.doi.org/10.1161/01.STR.0000177529.86868.8d
http://dx.doi.org/10.1016/j.clineuro.2012.08.010
http://dx.doi.org/10.1016/j.clineuro.2012.08.010
http://dx.doi.org/10.1097/CCM.0b013e31828a3f4d
http://dx.doi.org/10.1097/CCM.0b013e31828a3f4d
http://dx.doi.org/10.1177/0885066612437512
http://dx.doi.org/10.1177/0885066612437512
http://dx.doi.org/10.1056/NEJMoa1615715
http://dx.doi.org/10.1056/NEJMoa1615715
http://dx.doi.org/10.1016/j.jns.2007.02.005
http://dx.doi.org/10.1186/cc6974
http://dx.doi.org/10.1186/cc6974
http://dx.doi.org/10.1056/NEJMoa052521
http://dx.doi.org/10.1007/s12028-010-9404-8
http://dx.doi.org/10.1007/s12028-010-9404-8
http://dx.doi.org/10.1007/s12028-012-9779-9
http://dx.doi.org/10.1007/s12028-012-9779-9
http://dx.doi.org/10.1007/s11940-017-0437-6
http://dx.doi.org/10.1007/s11940-017-0437-6
http://dx.doi.org/10.1007/s12028-013-9948-5
http://dx.doi.org/10.1007/s12028-013-9948-5
http://dx.doi.org/10.1097/00003246-200103000-00031
http://dx.doi.org/10.1097/00003246-200103000-00031
http://dx.doi.org/10.1227/01.NEU.0000186239.10915.09
http://dx.doi.org/10.1227/01.NEU.0000186239.10915.09

Curr Treat Options Neurol (2018) 20: 1

Page 21 0f22 1

105.

106.

107.

108.

109.

110.

112.

113.

114.e

2001;344(19):1450-60. https://doi.org/10.1056/
NEJM200105103441907.

Aronowski J, Zhao X. Molecular pathophysiology of
cerebral hemorrhage. Second Brain Inj.
2011;42(6):1781-6.

Bratton SL, Chestnut RM, Ghajar J, FF MCH, Harris
OA, Hartl R, et al. VI. Indications for intracranial
pressure monitoring. J] Neurotrauma. 2007;24(sup-
plement 1):S-37-44.

Fried HI, Nathan BR, Rowe AS, Zabramski JM,
Andaluz N, Bhimraj A, et al. The insertion and Man-
agement of External Ventricular Drains: an evidence-
based consensus statement. Neurocrit Care.
2016;24(1):61-81. https://doi.org/10.1007/s12028-
015-0224-8.

Kamel H, Hemphill JC. Characteristics and sequelae
of intracranial hypertension after intracerebral hem-
orrhage. Neurocrit Care. 2012;17(2):172-6. https://
doi.org/10.1007/s12028-012-9744-7.

Ziai WC, Melnychuk E, Thompson CB, Awad I, Lane
K, Hanley DF. Occurrence and impact of intracranial
pressure elevation during treatment of severe intra-
ventricular hemorrhage. Crit Care Med.
2012;40(5):1601-8. https://doi.org/10.1097/CCM.
0b013e318241e380.

Bhattathiri PS, Gregson B, Prasad KSM, Mendelow
AD. Intraventricular hemorrhage and hydrocephalus
after spontaneous intracerebral hemorrhage: results
from the STICH trial. In: Hoff JT, Keep RF, Xi G, Hua
Y, editors. Brain Edema XIII. Vienna: Springer Vienna;
2006. p. 65-8. https://doi.org/10.1007/3-211-30714-
1_16.

Hallevi H, Albright KC, Aronowski J, Barreto AD,
Martin-Schild S, Khaja AM, et al. Intraventricular
hemorrhage: anatomic relationships and clinical
implications. Neurology. 2008;70(11):848-52.
https://doi.org/10.1212/01.wnl.0000304930.
47751.75.

Gaberel T, Magheru C, Emery E. Management of non-
traumatic intraventricular hemorrhage. Neurosurg
Rev. 2012;35(4):485-95. https://doi.org/10.1007/
$10143-012-0399-9.

Huttner HB, Kéhrmann M, Berger C, Georgiadis D,
Schwab S. Influence of intraventricular hemorrhage
and occlusive hydrocephalus on the long-term out-
come of treated patients with basal ganglia hemor-
rhage: a case-control study. ] Neurosurg.
2006;105(3):412-7. https://doi.org/10.3171/jns.
2006.105.3.412.

Hanley DF, Lane K, McBee N, Ziai W, Tuhrim §,
Lees KR, et al. Thrombolytic removal of intra-
ventricular haemorrhage in treatment of severe
stroke: results of the randomised, multicentre,
multiregion, placebo-controlled CLEAR III trial.
Lancet. 389(10069):603-11.

The first large randomized controlled trial to establish a
protocol for thrombolytic treatment of IVH which im-
proved mortality, but failed to meet the primary end-
point of improved functional outcome.

115.

116.00

Prasad K, Mendelow AD, Gregson B. Surgery for
primary supratentorial intracerebral haemor-
rhage. Cochrane Database Syst Rev.
2008;(4):Cd000200.

Mendelow AD, Gregson BA, Fernandes HM, Murray
GD, Teasdale GM, Hope DT, et al. Early surgery versus
initial conservative treatment in patients with spon-
taneous supratentorial intracerebral haematomas in
the international surgical trial in intracerebral Haem-
orrhage (STICH): a randomised trial. Lancet.
2005;365(9457):387-97.

A landmark trial that failed to show improved outcomes in all
ICH patients with early surgery, but identified a subgroup of
patients who might benefit from early surgery. https://doi.org/
10.1016/S0140-6736(05)70233-6.

117.

118.

119.

120.

121.

122.

123.

Steiner T, Kaste M, Forsting M, Mendelow D,
Kwiecinski H, Szikora I, et al. Recommendations for
the management of intracranial haemorrhage - part I:
spontaneous intracerebral haemorrhage. Cerebrovasc
Dis. 2006;22(4):294-316. https://doi.org/10.1159/
000094831.

Gregson BA, Broderick JP, Auer LM, Batjer H, Chen X-
C, Juvela S, et al. Individual patient data subgroup
meta-analysis of surgery for spontaneous
Supratentorial intracerebral hemorrhage. Stroke.
2012;43(6):1496-504. https://doi.org/10.1161/
STROKFAHA.111.640284.

Mendelow AD, Gregson BA, Rowan EN, Murray GD,
Gholkar A, Mitchell PM, et al. Early surgery versus
initial conservative treatment in patients with spon-
taneous supratentorial lobar intracerebral
haematomas (STICH II): a randomised trial. Lancet.
2013;382(9890):397-408. https://doi.org/10.1016/
S0140-6736(13)60986-1.

Wang J-W, LiJ-P, Song Y-L, Tan K, Wang Y, Li T, et al.
Stereotactic aspiration versus craniotomy for primary
intracerebral hemorrhage: a meta-analysis of ran-
domized controlled trials. PLoS One.
2014;9(9):e107614. https://doi.org/10.1371/journal.
pone.0107614.

Mould WA, Carhuapoma JR, Muschelli J, Lane K,
Morgan TC, McBee NA, et al. Minimally invasive
surgery plus recombinant tissue-type plasminogen
activator for intracerebral hemorrhage evacuation
decreases Perihematomal edema. Stroke.
2013;44(3):627-34. https://doi.org/10.1161/
STROKFAHA.111.000411.

Luney MS, English SW, Longworth A, Simpson J,
Gudibande S, Matta B, et al. Acute posterior cranial
fossa hemorrhage—is surgical decompression better
than expectant medical management? Neurocrit Care.
2016;25(3):365-70. https://doi.org/10.1007/
$§12028-015-0217-7.

van Loon J, Van Calenbergh F, Goffin J, Plets C.
Controversies in the management of spontaneous
cerebellar haemorrhage. A consecutive series of 49
cases and review of the literature. Acta Neurochir.
1993;122(3-4):187-93. https://doi.org/10.1007/
BF01405527.


http://dx.doi.org/10.1056/NEJM200105103441907
http://dx.doi.org/10.1056/NEJM200105103441907
http://dx.doi.org/10.1007/s12028-015-0224-8
http://dx.doi.org/10.1007/s12028-015-0224-8
http://dx.doi.org/10.1007/s12028-012-9744-7
http://dx.doi.org/10.1007/s12028-012-9744-7
http://dx.doi.org/10.1097/CCM.0b013e318241e380
http://dx.doi.org/10.1097/CCM.0b013e318241e380
http://dx.doi.org/10.1007/3-211-30714-1_16
http://dx.doi.org/10.1007/3-211-30714-1_16
http://dx.doi.org/10.1212/01.wnl.0000304930.47751.75
http://dx.doi.org/10.1212/01.wnl.0000304930.47751.75
http://dx.doi.org/10.1007/s10143-012-0399-9
http://dx.doi.org/10.1007/s10143-012-0399-9
http://dx.doi.org/10.3171/jns.2006.105.3.412
http://dx.doi.org/10.3171/jns.2006.105.3.412
http://dx.doi.org/10.1016/S0140-6736(05)70233-6
http://dx.doi.org/10.1016/S0140-6736(05)70233-6
http://dx.doi.org/10.1159/000094831
http://dx.doi.org/10.1159/000094831
http://dx.doi.org/10.1161/STROKEAHA.111.640284
http://dx.doi.org/10.1161/STROKEAHA.111.640284
http://dx.doi.org/10.1016/S0140-6736(13)60986-1
http://dx.doi.org/10.1016/S0140-6736(13)60986-1
http://dx.doi.org/10.1371/journal.pone.0107614
http://dx.doi.org/10.1371/journal.pone.0107614
http://dx.doi.org/10.1161/STROKEAHA.111.000411
http://dx.doi.org/10.1161/STROKEAHA.111.000411
http://dx.doi.org/10.1007/s12028-015-0217-7
http://dx.doi.org/10.1007/s12028-015-0217-7
http://dx.doi.org/10.1007/BF01405527
http://dx.doi.org/10.1007/BF01405527

1 Page 22 of 22

Curr Treat Options Neurol (2018) 20: 1

124.

125.¢

Spiotta AM, Fiorella D, Vargas J, Khalessi A, Hoit D,
Arthur A, et al. Initial multicenter technical experience
with the Apollo device for minimally invasive intra-
cerebral hematoma evacuation. Neurosurgery.
2015;11(Suppl 2):243-51. https://doi.org/10.1227/
NEU.0000000000000698.

Bauer AM, Rasmussen PA, Bain MD. Initial single-
center technical experience with the BrainPath system
for acute intracerebral hemorrhage evacuation. Op-
erative Neurosurgery. 2017;13(1):69-76.

Blind evacuation of clot has limitations that direct visualiza-
tion overcomes. If technology like this proves capable of re-
ducing clot burden with decreased damage to brain this will be
an interesting area of research in the coming years. https://doi.
org/10.1227/NEU.0000000000001258.

126.

Labib MA, Shah M, Kassam AB, Young R, Zucker L,
Maioriello A, et al. The safety and feasibility of image-
guided BrainPath-mediated Transsulcul hematoma
evacuation: a multicenter study. Neurosurgery.
2017;80(4):515-24. https://doi.org/10.1227/NEU.
0000000000001316.

127.

128.

129.

130.

Schepers VP, Ketelaar M, Visser-Meily AJ, de Groot V,
Twisk JW, Lindeman E. Functional recovery differs
between ischaemic and haemorrhagic stroke patients.
] Rehabil Med. 2008;40(6):487-9. https://doi.org/10.
2340/16501977-0198.

Organised inpatient (stroke unit) care for stroke.
Cochrane Database Syst Rev. 2007(4):Cd000197.
BaiY, HuY, WuY, ZhuY, He Q, Jiang C, et al. A
prospective, randomized, single-blinded trial on the
effect of early rehabilitation on daily activities and
motor function of patients with hemorrhagic stroke. J
Clin Neurosci : Off ] Neurosurg Soc Australasia.
2012;19(10):1376-9. https://doi.org/10.1016/j.jocn.
2011.10.021.

Cumming TB, Thrift AG, Collier JM, Churilov L,
Dewey HM, Donnan GA, et al. Very early mobiliza-
tion after stroke fast-tracks return to walking: further
results from the phase Il AVERT randomized con-
trolled trial. Stroke. 2011;42(1):153-8. https://doi.
0rg/10.1161/STROKEAHA.110.594598.


http://dx.doi.org/10.1227/NEU.0000000000000698
http://dx.doi.org/10.1227/NEU.0000000000000698
http://dx.doi.org/10.1227/NEU.0000000000001258
http://dx.doi.org/10.1227/NEU.0000000000001258
http://dx.doi.org/10.1227/NEU.0000000000001316
http://dx.doi.org/10.1227/NEU.0000000000001316
http://dx.doi.org/10.2340/16501977-0198
http://dx.doi.org/10.2340/16501977-0198
http://dx.doi.org/10.1016/j.jocn.2011.10.021
http://dx.doi.org/10.1016/j.jocn.2011.10.021
http://dx.doi.org/10.1161/STROKEAHA.110.594598
http://dx.doi.org/10.1161/STROKEAHA.110.594598

	Update on the Treatment of Spontaneous Intraparenchymal Hemorrhage: Medical and Interventional Management
	Abstract
	Introduction
	Epidemiology of intracranial hemorrhage
	Risk factors for intraparenchymal hemorrhage
	Pathophysiology
	Initial management
	Grading scales
	Assessing hemorrhage with imaging
	Blood pressure management
	When to use and not use hemostatic therapy
	Venous thromboembolism prophylaxis
	Seizure management
	Medical complications
	Glycemic management
	Avoiding hyperthermia and hypothermia
	Disposition
	Surgical management
	Conclusion
	Compliance with Ethical Standards
	References and Recommended Reading


