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Abstract

Spontaneous intracerebral hemorrhage is a type of stroke
associated with poor outcomes. Mortality is elevated,
especially in the acute phase. From a pathophysiological
point of view the bleeding must traverse different stages
dominated by the possibility of re-bleeding, edema,
intracranial hypertension, inflammation and neurotoxicity
due to blood degradation products, mainly hemoglobin
and thrombin. Neurological deterioration and death
are common in early hours, so it is a true neurological-
neurosurgical emergency. Time is brain so that action
should be taken fast and accurately. The most significant
prognostic factors are level of consciousness, location,
volume and ventricular extension of the bleeding.
Nihilism and early withdrawal of active therapy undou-
btedly influence the final result. Although there are
no proven therapeutic measures, treatment should be
individualized and guided preferably by pathophysiology.
The multidisciplinary teamwork is essential. Results of
recently completed studies have birth to promising new
strategies. For correct management it's important to
establish an orderly and systematic strategy based on
clinical stabilization, evaluation and establishment of
prognosis, avoiding secondary insults and adoption of
specific individualized therapies, including hemostatic
therapy and intensive control of elevated blood
pressure. Uncertainty continues regarding the role of

surgery.
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Core tip: Spontaneous intracerebral hemorrhage is
associated with poor outcome. Neurological deterioration
and death are common in early hours, so it is a true
neurological-neurosurgical emergency. Nihilism and
early withdrawal of active therapy clearly influence the
outcome. Action should be taken fast and accurately.
Treatment should be individualized and guided preferably
by pathophysiology in a multidisciplinary team work.
For correct management it's important to establish
an orderly and systematic strategy based on clinical
stabilization, evaluation and establishment of prognosis,
avoiding secondary insults and adoption of specific
individualized therapies, including hemostatic therapy
and intensive control of elevated blood pressure.

Godoy DA, Pifiero GR, Koller P, Masotti L, Di Napoli M. Steps
to consider in the approach and management of critically ill
patient with spontaneous intracerebral hemorrhage. World J Crit
Care Med 2015; 4(3): 213-229 Available from: URL: http://
www.wjgnet.com/2220-3141/full/v4/i3/213.htm DOI: http://
dx.doi.org/10.5492/wjccm.v4.13.213

INTRODUCTION

Intracerebral hemorrhage (ICH) is defined as the
spontaneous extravasation of blood into the brain
parenchyma with or without extension of bleeding into
subarachnoid or intraventricular spacest™*. ICH account
for 10% to 30% of all stroke-hospital admissionst™*,
and is one of the most devastating forms of stroke. Its
estimated incidence is between 12 and 15 cases per
100000 inhabitants per year. Arterial hypertension
and oral anticoagulants are the major risk factors™*™,
The clinical presentation is characterized by a rapidly
deteriorating neurological status coupled with signs and
symptoms of elevated intracranial pressure!*™., The
diagnosis is established by the use of neuroimaging
[computed tomography (CT) scan or magnetic reson-
ance imaging (MRI)]™, The mortality rate is averag-
ing 50%, most of which occur during the first 5 di*™,
Only one-third of the survivors resume his life prior
to the event!'™, Unfortunately, there is no proven
specific treatment; however, a comprehensive and
multidisciplinary approach based on pathophysiology
helps to achieve favorable results™ . The main obje-
ctive of this manuscript is to review all aspects of
spontaneous ICH, with emphasis on its pathophysiology
with the intention to suggest steps to consider for the
management of this lethal entity (Figure 1).
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TO DELETE NIHILISM AND

SELF-FULFILLING PROPHECIES

Nihilism (from the Latin nihil, “nothing”) is the philo-
sophical principle that is based on the negation of one
or more of the supposed meanings of life. Nietzsche
indicates that denial or disbelief in anything are the
results of doubt and disorientation™®. The nihilism has
dominated the scene of spontaneous ICH for many
years, perhaps due to the absence of specific therapies.
One of the most important determinants of the outcome
of the individual victims of ICH is the level of support
provided. If this support is not adequate or suspended
based on beliefs of poor prognosis, it can trigger self-
fulfilling prophecies’”). As stated by Robert Merton, self-
fulfilled prophesies are based on a false conception or
belief that eventually triggers a behavior or conduct
false that with the time becomes true'®.

Moreover, in ICH and other brain injuries, orders of
do-not-resuscitation (DNR) or withdrawal of support
based on self-fulfilled prophesies or nihilism, have a
definite influence on mortality”*'°!. Delete nihilistic
attitude is indispensable in the management of spon-
taneous ICH.

These philosophical principles have scientific evidence
that supports them. Various studies have highlighted
the impact of treating this population of patients in
specialized, multidisciplinary units, which increase the
probability of survival and good outcome!™ %, The
reasons remain uncertain, but several factors seem to
influence, such as; the absence of nihilistic attitude,
decreased stay in intensive care units, a lower incidence
of neurological or systemic complications and early
discharge to rehabilitation units™**™*?,

TO KNOWN NATURAL HISTORY
AND PATHOPHYSIOLOGY OF
INTRACEREBRAL HEMORRHAGE

Natural history
Thirty-day mortality of ICH victims is nearly to 50%,
most of which occurs during the acute phase™™. The
causes of death vary according to the time course of
the disease™* %!, Nearly 80% of cases of early death
are of neurological origin™**®.. About one-fifth of these
patients does not reach the hospital and dies due to
the magnitude of the primary or initial damage™”".
The rest of the patients dies by withdrawal of support
due to brain death secondary to localization of the
bleeding (brainstem); intracranial hypertension due to
initial bleeding or as a result of the expansion of the
hematoma™ . The remaining 20% died by cardiac
causes™ ), After the first week, death is caused by
medical complications, mainly sepsist***®!,

One-year mortality varies according to different
locations: 51% for deep (thalamic or putaminal), 57%
for lobar, 42% for cerebellar and 65% for brain stem
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Initial evaluation
Clinical stabilization
To establish prognosis

To avoid nihilism and
self-fulfilling prophesies

Specific therapies

directed to ICH

To known
pathophysiology and
natural history of ICH

Physiological
neuroprotection
To avoid secondary insults

Figure 1 Steps to consider in the approach to the critically ill patient with spontaneous intracerebral hemorrhage. ICH: Intracerebral hemorrhage.

ot/

Lobar: 20%-30%

Putamen: 40%-50%

/

Pons: 5%

Figure 2 Typical sites of bleeding in spontaneous intracerebral hemorrhage.

hemorrhages, respectively™.

Pathophysiology of spontaneous ICH

The events that follow bleeding within the brain
parenchyma are varied, complex, simultaneous, and
interrelated. For teaching purposes, we will divide them,
in different phases!*®,

Vascular rupture: Arterial hypertension is a common
risk factor for ICH™!, Nearly 80% of patients with ICH
present arterial hypertension at the admission and
most have a history of hypertension™*. Chronic hyper-
tension imposes constant mechanical stress to cerebral
arterioles (60-100 p in diameter), which triggers
hyperplasia of smooth muscle cells!***), Over time,

JRaishideng®
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Cerebellum 10%

muscle cells die, are replaced by collagen, weakening
the arterial wall, making it prone to stasis, occlusion,
and rupture™,

The sites at higher risk for these changes are the
bifurcations or branches of penetrating arteries, such
as lenticulostriate, thalamus and brainstem perforating
arteries, thus explaining the most common hematoma
locations!™ (Figure 2).

The extent of bleeding is mainly determined by the
size of the gap in the arteriolar wall, systemic blood
pressure, and hemostatic mechanisms™.

Sometimes, the arterioles invaded by collagen
develop microscopic dilatations, known as “Charcot-
Bouchard aneurysms”. These changes can be found in
autopsy specimens, but they are not always associated
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with bleeding sites; therefore, their clinical significance

is controversial*>*%!,

In non-hypertensive individuals, particularly the
elderly, amyloid angiopathy is the substrate of arterial
bleeding. It results from the deposition of amyloid
protein in the tunica media and adventitia of capillaries,
arterioles, cortical and leptomeningeal arteries causing
fragility of the vessel wall. These vessels could break
spontaneously or for sudden and abrupt blood pressure
changes. Distinctive features of this entity are the
predilection for lobar regions (especially in the posterior
areas of the brain), multifocality, and recurrence!*>*?,

Today, attention is directed towards early detection
of micro hemorrhages by MRI, because these have
been shown to predict higher risk of lobar ICH!**"]
(Figure 3).

Following vascular rupture, the phase of hematoma
formation begins, which develops within 60 min of the
initial bleeding'®. The sudden bleeding into the brain
causes mechanical destruction of the parenchyma
and may produce mass effect with increased intra-
cranial pressure, distortions and tissue shift with
potential herniation and cerebral ischemial*>**?, The
bleeding also triggers cell death through necrosis and
apoptosist*®?!: inflammation!*®??%; and vasogenic
edem[18,21—23].

A substantial proportion of patients has enlargement
of the hematoma after the initial event. This expansion
is often associated with deterioration of neurological
status and poor dlinical outcomest*>2+24,

An increase in the volume of the hematoma is seen
in 38% of patients during the first three hours post-
stroke. In two-thirds of this population, expansion of the
hemorrhage is evident in the first hour®**l, Hematoma
growth may occur despite the absence of coagulopa-
thy and although knowledge of the mechanisms of
expansion remain inconclusive, they seem to involve
continuous bleeding from the initial site or additional
bleeding from damage to adjacent small vessels causing
satellite hemorrhages at the periphery of the clot!*?.,

Various risk factors have been associated with
hematoma enlargement. Alcohol abuse, irregularly
shaped hematomas, low levels of fibrinogen and proth-
rombin, diabetes mellitus, liver disease, are frequently
reporters factors. However, the most consistent is
the time elapsed between symptom onset and first
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Figure 3 Micro bleeds in magnetic resonance image.

CT scan!®*2731 | onger is the time until the first

imaging study, lower the probability of detecting this
complication.

After the initial 24 h, the next phase is dominated
by the development of edema around the hemorrhage.
This period reaches its peak on the third day after the
first bleeding, and then declines slowly™®#,

The most severe form of edema is localized around
the clot, mainly spread through the white matter.
This edema is primarily vasogenic due to alteration
of the blood-brain barrier (BBB). Physical destruction
damages the BBB and for the synthesis of substances
that contributes to damage, such as thrombin and
extracellular matrix metalloproteinases™®*%,

Cerebral blood flow and metabolism during intracerebral
hemorrhage

After ICH, cerebral blood flow (CBF) changes with a
characteristic temporal profile®!, Three phases have
been described®®: (1) phase I: first 48 h. Metabolism
and CBF are reduced in a coupled manner. This period
is known as “hibernation phase”; (2) phase II or
reperfusion phase: between days 2 to 14. CBF and
metabolism vary in the whole cerebral parenchyma,
with areas of hypo normal and high CBF; and (3) phase
III - normalization: starts in the second week after
hemorrhage. CBF and metabolism return to normal
values, except in the hemorrhagic site.

Multiple factors contribute to CBF alterations: mech-
anical compression of microvasculature, intracranial
hypertension, disruption of cerebral autoregulation,
vasoactive substances and inflammation™’. Following
ICH, CBF decrease, with lowest values in the perihe-
matomal region®®*!, however in this zone, meta-
bolic activity also decrease, indicating the absence of
ischemia>>*,

In summary, the available data allow us to confirm
that the area around ICH is characterized by a slight
decrease in regional cerebral blood flow but this occurs
as a result of the concomitant decrease in meta-
bolic demands. Mitochondrial dysfunction might be
responsible for the metabolic depression®®.,

Metabolic penumbra
Recent studies of metabolism in perihematomal
zone have revealed a remarkable metabolic distress
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Table 1 Intracerebral hemorrhage score

Table 2 Secondary insults

Components Points Systemic Intracraneal
GCS score Arterial Hypotension Intracranial hypertension
3-4 2 Hypoxia Cerebral hematoma
5-12 1 Hypercapnia - Hypocapnia Edema
13-15 0 Hyperthermia Seizures
ICH volume (cm®) Hyperglycemia - Hypoglycemia Vasospasm
=30 i Hyponatremia - Hypernatremia Hydrocephalus
<30 0 Anemia Infections
IVH SIRS
Yes 1 DIC
No 0
dtgpiienoil eigin s sl SIRS: Systemic inflammatory response syndrome; DIC: Disseminated
G 1 intravascular coagulation.
No 0
Age (y1)
> . - .
- 8?)0 3 prognosis, monitoring the evolution and the response to
Total ICH score 0% different therapeutic modalities.

GCS: Glasgow coma scale; IVH: Intraventricular hemorrhage; ICH:
Intracerebral hemorrhage.

characterized by an increase in the uptake and glucose
utilization especially in the first 4 d after hemorrhage'®.
This metabolic crisis may persist for about one week,
and it is not a consequence of ischemia; therefore,
we should speak of metabolic penumbra rather than
ischemic penumbral®,

The other phenomena taking place around the
hematoma are inflammation and neurotoxicity!®?*#4,
Bleeding activates astrocytes and microglia, which
in turn stimulate the release of pro-inflammatory
mediators, such as cytokines, intercellular adhesion
molecules, and matrix metalloproteinases'®*%%,

Neurotoxicity occurs through extravasation of
proteins and osmotically active solutes that promoting
the development of edema and stimulation of pro-
teinases such as thrombin, fibrinogen, and tissue
plasminogen activator. The coagulation cascade is
activated in conjunction with lysis of red blood cells,
which releases potent neurotoxic substances, such as
iron, bilirubin, and hemint*®*?2,

TO SET THE SEVERITY AND PROGNOSIS

Prognostication is essential for a correct approach.
From a practical point of view, the severity of ICH can
be established accurately with clinical examination
and neuroimaging'®*"!. Glasgow coma scale (GCS)
is the most commonly used tool to assess the level of
consciousness. Deficits can be established with NIHS
scale™ "),

Non-contrasted CT scan is the imaging of choice
in the acute phase (Recommendation I, Level A).
It confirms the bleeding with excellent sensitivity,
determines its location, size, ventricular or subarachnoid
extension, degree of distortion or displacement struc-
tures and the presence of complications such as hydro-
cephalus or edema'***1, It also helps to establish

WJCCM | www.wjgnet.com

JBaishideng®

217

Recent studies have indicated that CT angiography
with contrast can be very useful®“%, Extravasation
of contrast within or in adjacent areas of hematoma
indicates active bleeding. It has been called “spot sign”
and predicts hematoma expansion™**? (Figure 4).

Multiple and varied factors (clinical, biochemical,
images) have been described as independent predictors
of mortality, however, only GCS score and hematoma
volume have shown the most predictive power™ "),

Unlike other neurocritical entities, there is no uni-
versally accepted and validated scale for ICH.

Hemphill, basing on multivariable model of their
population, detected five independent factors associated
with 30-d mortality, developing a risk stratification
scale, which e called ICH score®!! (Table 1). In this
scale, mortality increased as the punctuation increased.
No patient with an Score of 0 died, whereas all patients
with 5 points died"". This scale has been validated
externally***, Since the original description of ICH
score, several scales have been developed, each with
their strengths and weaknesses!***,

It is important to note here that any prediction
model lacks validity in centers with nihilism, self-fulfilling
prophesies, withdrawal support or DNR politics®*”,

INITIAL STABILIZATION, ORGANIC
HOMEOSTASIS (PHYSIOLOGICAL
NEUROPROTECTION), TO AVOID
SECONDARY INSULTS

The main objective should be directed to ensure the
ABC (patent airway, adequate breathing, oxygenation,
and circulation), achieve clinical stability and then,
transfer to imaging study. The neurosurgeon should be
actively involved in decision-making™**”! (Figure 5). It is
very important to develop a strategy to prevent, detect
and correct secondary insults®****® (Table 2).

This strategy has a significant impact on the out-
COme[2,3,7,47,48] .

The basis of therapeutic of any neurological injury
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Figure 4 Spot sign.

is to achieve organic homeostasis, which we call
“physiological neuroprotection”™*®, From a practical
point of view and easy to remember is to maintain
healthy 6 principal clinical variables (6 N rule), such
as euvolemia, pa0O: and paCO: levels, temperature,
glycemia, and natremia™’*®, Target to achieve for each
variable are depicted in Figure 6.

To ensure airway patency and oxygenation (ab)

ICH patients are susceptible to develop ventilation and
oxygenation alterations™>*"**"! due to compromise of
defense reflexes of the upper airways such as cough and
swallowing, increasing the risk of aspiration of gastric
contents™™*!1, Pons or supratentorial hemorrhages
with mass effect can compromise respiratory rhythm.
This population is also at risk for neurogenic or cardio-
genic pulmonary edema. We recommend keeping
low threshold for intubation and as a general rule
all patients in coma should be intubated! >3-,
Therapeutic targets will be directed to maintain SaO:
greater than 92% while maintaining normal levels of
CO, since hypercapnia causes cerebral vasodilatation
and ICP increased, whereas that hypocapnia causes
vasoconstriction triggering cerebral ischemiat® "4,

To optimize circulation (c)

During resuscitation is essential to avoid systemic
hypotension, ensuring blood pressure levels that allow
adequate cerebral perfusion pressure (CPP)™>374751,
For this reason, it is necessary to normalize blood
volume. The first therapeutic step is infusion of fluids,
preferably isotonic saline!>*"**!, avoiding hypotonic
fluids (0.45% saline, 5% dextrose, Ringer’s lactate)
that exacerbate brain swelling. Hypertonic saline
solutions are an option especially for individuals with
signs of herniation, intracranial hypertension or severe
hyponatremia. If fluids are not sufficient to ensure
adequate blood pressure, vasopressors (noradrenaline)
or inotropes (dopamine) should be started!* >4,

To avoid hyperthermia

Hyperthermia is highly prevalent in neurointensive
carel®, Initially, elevated temperature is attributable to
acute phase response™**, during which inflammatory
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mechanisms are triggered, and sympathetic activity is
increased”®>**, However, directly or indirectly damage of
hypothalamus and thermoregulatory centers cannot be
excluded®™>**, The brain is more warmer than the rest
of the body"®***, Hyperthermia exerts its deleterious
effects through various mechanisms: it increases levels
of excitatory amino acids, cytokines, and reactive
oxygen species, inhibits proteolytic enzymes, damages
BBB, increases intracranial pressure and triggers
apoptotic mechanisms™?,

Clinical studies have shown a close association
between hyperthermia on admission or during the
first 24 h and outcome. Moreover, hyperthermia has
demonstrated its independent predictive power of
poor outcome™®*, Hyperthermia can be controlled
with the use of external cooling methods (ice, thermal
blankets), internal (intravascular cooling devices) or
pharmacological (acetaminophen, aspirin)®**). Until
now, there is no a study that prospectively evaluated the
impact of fever control on the outcome nor that is the
most suitable method to control fever®®”, and due to
ethical concerns is very unlikely to be performed ever.

Sodium homeostasis

Disorders of sodium and water metabolism are common
in neurocritical ill patients™®. Imbalances in the
metabolism of sodium produce changes in osmolarity
and in water distribution, which in turn, trigger changes
in the volume cerebral®.

In neurocritical care patients, hyponatremia (serum
Na" < 135 mEg/L) occurs in 15% to 20% of patients,
increasing the likelihood of unfavorable outcomes™. The
elderly population is very susceptible to this disorder.
The causes are varied, highlighting the syndrome of
inappropriate antidiuretic hormone secretion (SIADH)
and cerebral salt-wasting syndrome (CSWS)#>?,

The treatment of hyponatremia, depend on the
presence or absence of symptoms and the underlying
causeP*®, In the presence of SIADH, fluid restriction
is indicated while in the presence of CSWS volume
expansion is necessary. In symptomatic cases, hypona-
tremia should be corrected with hypertonic saline
solutions at a slow rate, preferably not more than 10
mmol/liter per day to avoid severe complications such
as pontine myelinolysis. Sometimes, fludrocortisone can
be used as an adjunct at 0.1-0.4 mg/d®*",

Hypernatremia (serum Na* > 145 mEqg/L) is less
frequent™., Its incidence is about 10%, and it is consi-
dered a marker of severity of injury with negative
predictive power®®®!, The most common causes are
iatrogenic due to excessive sodium intake or water
loss secondary to mannitol infusion®®®!, Diabetes
insipidus is another disorder to take in mind®®®Y, The
cornerstone of treatment are reposition and retention of
water®®!, The replacement should be performed with
hypotonic solutions like 5% dextrose or ringer lactate
because isotonic saline can exacerbate losses. To avoid
loss of water desmopressin at 0.4 mg IV or 100-200
ug via nasal route should be utilized. Such doses may
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ICH suspected

Clinical history ABC
Neurological examination Airway permeability
GCS Adequate
Pupils ventilation-Oxigenation

Ventilatory pattern Cardiovascular status

Laboratory
EKG
Chest RX

Clinical stabilization

CT scan
Localization
Volume
Ventricular extension
Hydrocephalus
Midline shift

ICH confirmation

GCS < 13 y )
Airway compromise - Mechanical Call neurosurgeon for
ventilation analysis of results

Volume > 30 cc
Intraventricular extension

GCS = 14

Volume < 30 cc

Without ventricular extension
Without coagulophaty

Coagulophaty

SABP > 180 - MABP > 130
Neuromonitoring
Postoperative period

Surgical room

Neurocritical care unit
Intensive care unit

Good airway control
No mechanical ventilation

Stroke unit
intermediate care

Figure 5 Initial approach of the patients with suspected intracerebral hemorrhage. GCS: Glasgow Coma Scale; ABC: Airway, breathing, circulation; EKG:
Electrocardiogram; CT: Computed tomography; ICH: Intracerebral hemorrhage; SABP: Systolic arterial blood pressure; MABP: Mean arterial blood pressure.

be repeated if necessary. Sharp corrections should be
avoided™®®",

Glycemic control

Blood glucose levels should be kept within a narrow
range, avoiding extreme variations since the brain is
very vulnerable to such situations®*®*). Hypoglycemia
should not be allowed in any way and must be corrected
immediately®>®®. The brain does not tolerate episodes
of hypoglycemia as their compensatory mechanisms
are exhausted quickly and easily™®>®*!,

During injury, the brain increases susceptibility to
acute derangements of blood glucose®®®. After injury,
the brain increased glucose demand.

Hyperglycemia is common during the acute phase
of ICH®**, Its incidence averages 40% and is inde-
pendently associated with worse outcome™®"¢%%*,

Its etiology is variable, not being clear whether
it is @ marker of severity or only one component of
the metabolic response to injury®**Y. Hyperglycemia
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contributes to brain damage through various mechan-
isms that provoke edema and cerebral ischemia™®. Iv
regular insulin is the drug of choice to correct high blood
glucose levels but still not yet well determined when
starting therapy™®®, Intensive insulin therapy (glucose
levels between 80-110 mg/dL) is contraindicated
because at these levels starts cellular metabolic
distress'®*®”), The current trend is to maintain the lower
limit of about 150 mg/dL and not higher than 200 mg/

dL[23:37.62,65]

Gastrointestinal care nutrition

The gastrointestinal tract is of vital importance in
patients with brain injury®®. Multiple hormones and
neuropeptides are released by the brain and intestine
in response to injury, establishing an interaction
finely regulated by enteric nerve plexus and the
autonomic nervous system™. In ICH patients, a
number of factors combine to break the normal physi-
ology, including hypothalamic damage, intracranial
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Normothermia
centeral
Temperature
<375°7C

s A N

Euvolemia
CVP 10-12 cmH20
WP < 15 mmHg

Normoxemia
Sa0:2 > 92%

e

Normocapnia
paCO:2 35-40 mmHg

hypertension, prolonged fasting, mechanical ventilation,
drugs (vasopressors, anticonvulsants, opioids, antibiotics,
corticosteroids), inflammation (cytokines), hypoalbu-
minemia, electrolyte imbalances!®®®!, The most
important complications are gastrointestinal bleeding,
diarrhea, gastroparesis and ileus, which favor bacterial
translocation and malnutrition, sepsis and multiorgan
dysfunctiont®®%,

The incidence of clinically significant gastrointestinal
bleeding (erosive gastritis or stress ulcer) ranges from
0.6% to 6%™”. The main substrate for gastric mucosal
damage is the presence of inadequate splanchnic
perfusion'®, Risk factors are mechanical ventilation
(> 48 h), coagulopathy, severe traumatic brain and
spinal cord injury™®®. Some principles are relevant for
management, to avoid arterial hypotension and some
drugs (steroids, noradrenaline); early nutrition and
protection with proton pump inhibitors or local agents™.
H2 receptors blockers are not recommended because
they are associated with encephalopathy, interaction
with anticonvulsants and modify the local pH favoring
bacterial colonization and pneumonia®®,

Constipation is common after neuroinjury with a
negative impact upon outcome!®!. Incidence rates
are between 30% to 60%™®. Predisposing factors are
immobility, fasting, electrolyte disturbances, and drugs
(opioids, sedatives, dopamine). Its prevention is based
on adequate fluid and electrolyte balance, rich-fiber diet
and laxatives'®®,

Diarrhea is a complication with a prevalence of 8%
to 21%!""%, Fever, hypothermia, hypoalbuminemia,
sepsis, multiple organ dysfunction, broad spectrum
antibiotics, enteral nutrition, and clostridium difficile (CD)
colonization are predisposing factors'®,
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Figure 6 Physiological neuroprotection 6 N rules. CVP: Central
venous pressure; WP: Wedge pressure; SaOz: Oxygen arterial
saturation; Na": Serum sodium levels; paCO2: Carbon dioxide
arterial levels.

Normonatremia
Na* 135-145 mEq/L

Normoglycemia
110-150 mg/dL

Brain injury, determines a hypermetabolic state,
with exaggerated protein catabolism!®®”®!, During injury,
the brain increases its metabolic requirements!®",
Nutrition should become one of the key goals of therapy.
Malnourished patients are more prone to developing
infectious complications, bedsores, gastrointestinal
bleeding, all associated with poor outcomes™®. Enteral
feeding must be supplied early with low calories (25-30
kcal/kg per day), 40% of which in the form of lipids and
15%-20% as protein (1.5-2 g/kg per day) accompanied
by a regimen of glycemic control and the contribution
of fiber, vitamins, oligoelements and pharmaconutrients
(glutamine, arginine)"..

SPECIFIC THERAPIES DIRECTED TO ICH

Seizures control

The incidence of seizures after ICH varied between 4.6%
and 8.2%"", Acute seizures should be treated following
classical algorithms since they are associated with
increased cerebral metabolism, ICP and midline shift
contributing to secondary injury”*”®. Lobar location
and small hematomas are independent predictors of
early seizures?. Although antiepileptic drugs (AEDs)
may reduce the incidence of seizures in cortical and
subcortical hemorrhages'””, their prophylactic use is
not recommended because it is unclear their efficacy
and impact over final outcome”>”, Phenytoin use was
associated with more fever burden and worse outcomes
after ICH"". Electroencephalographic seizures without
clinical manifestations occur in around 30% of patients
after ICH"®), Nonconvulsive seizures are associated
with early hematoma growth and a trend toward poor
outcome®. Continuous EEG monitoring should be
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considered in all patients with a decreased level of
consciousness without clear reason to justify™. Current
Guidelines recommended anti-epileptic treatment
for up to one month, after which therapy should be
discontinued in the absence of seizures'*”.

Hydrocephalus and ventricular extension of bleeding
There are two mechanisms involved in the genesis
of acute hydrocephalus: extrinsic compression of
ventricular system by proximity (thalamic, cerebellar
hematomas); displacing midline structures (putaminal
hematomas); or obstruction of CSF circulation by
clots™***”771 Hydrocephalus causes impairment of
consciousness, intracranial hypertension and cerebral
ischemia, being an independent predictor of mortality
and poor outcomet’”),

The extent of bleeding to the ventricular space
complicates about 40% of spontaneous ICHs!>**"775%,

Intraventricular blood is a poor prognostic fac-
tor!?*37778% Its volume determines the predictive
power, being lethal when exceeding 20 cc, due to hydro-
cephalus, intracranial hypertension and ischemia of the
cerebral cortex!>*¥778%, External ventricular drainage is
a therapeutic option but insufficient and ineffective when
used as a single measure!>**” 77811,

Patency of the ventriculostomy is difficult to maintain
due to frequent plugging clots. Thrombolytic drugs
were tested with different protocols and doses!>**"7882,
Studies with small numbers of patients showed a trend
to reduce need for definitive ventricle peritoneal shunts,
and decrease mortality rates with acceptable functional
outcomes; however, there is an increased risk of
infectious or hemorrhagic complications>**"7%%2,

CLEAR-IVH study evaluated the strategy of exte-
rnal ventricular drainage more rtPA instillation.
Resolution rates of clots were significantly higher with
shorter permanence time of ventriculostomy in rtPA
group™®. By contrast, symptomatic bleeding rate was
higher in the group rtPA. Mortality rates not changed
significantly®®. The study had several methodological
limitations, for example; selection criteria for study
inclusion, did not include location of bleeding or exten-
sion of intraventricular hemorrhage; management of
known factors that influence rates of bleeding such
as blood pressure levels or coagulation state not were
considerate and the study was not designed to assess
long-term functional outcome'®?, a situation that is
being evaluated in CLEAR III study™®.

Endoscopically removal of the clot and controlled
lumbar drainage are promising therapeutic alternatives
that need large-scale validation”*®", Preliminary
results indicate that lumbar drainage after radiological
permeation of third and four ventricles was associated
with a reduction in the need for permanent ventricular

shunting!®%,

Intracranial hypertension
Although ICH causes structural changes in brain paren-
chyma and intracranial hemodynamics than potentially
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increase ICP, is unclear its prevalence, temporal profile
and the impact that intracranial hypertension have on
the outcome.

Intracranial hypertension is more common imme-
diately after bleeding™®”. Elevated ICP only have an
impact on the outcome only in comatose patients®.
There was not relationship between ICP values at any
time and outcome at 6 mo™®.

An observational study of ICP recordings in patients
with IVH and ICH of less than 30 mL found that the
percentage of readings above 30 mmHg was an
independent predictor of mortality (P < 0.001) and
disability at 30 d (P = 0.01)®). Kamel and Hemphill
analyzed ICH patients with ICP monitoring. Seventy
percent of them presented at least one episode of
ICP above 20 mmHg while, in 63%, ICP exceeded 25
mmHg. Intracranial hypertension was less frequent
in older and infratentorial hemorrhages and was not
related to poor outcome!®®,

Recently, a prospective, randomized controlled
study assessed the impact of ICP monitoring in the
management of supratentorial ICH. The risk of hernia-
tion was lower in ICP group (10.9% vs 20.5%, P = 0.04).
At 6 mo, mortality and disability were lower in ICP
group (6.5% vs 9.1%, P < 0.05)®,

Current recommendations are based on low level
of evidence (Class IIb C). However, they suggest
ICP monitoring in comatose patients with signs of
herniation, hydrocephalus or widespread ventricular
hemorrhage*>*”,

Specific treatment of intracranial hypertension

The treatment of intracranial hypertension has been
extrapolated from severe head trauma™>*"\. Briefly,
after evacuating hemorrhage when were indicated,
we follow a staggered, step by step, phased, sequ-
ential pathway™**"%, CT scans are performed perio-
dicallyt™*3"%,

We begin with general measures (sedation, anal-
gesia, prevention and correction of secondary insults)
positioning the head in a neutral position at 30 degrees
of horizontal™**"*, If ICP remains high, we continue
with CSF drainage at not more than 20 mL per hour.
If we don't have ventricular drainage or if it resulted
ineffective, we start osmotherapy with hypertonic saline
or mannitol until the limit of sodium or serum osmolality
of 155 mEqg/L or 320 mosm/kg respectively!***",
After this measures, if ICP remains increased, we
hyperventilate slightly, maintaining paCO: levels bet-
ween 30 and 35 mmHg. At this point, we indicate
monitoring of cerebral oxygenation. We do not utilize
neuromuscular paralysis unless strictly necessary for ICP
normalization. Mean arterial pressure would be titled to
a CPP target between 55-70 mmHg!***%,

The non-response to initial therapy, define a state
of “refractory intracranial hypertension”. Prior to the
adoption of “second level” measures (barbiturates at
high doses, hypothermia, decompressive craniectomy)
we performed indomethacin test®".
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Optimal levels of arterial blood pressure

Elevated arterial blood pressure (ABP) levels are
common in the acute phase of ICH?®?*"°!, Etiology
is multifactorial®®**”°!, There are arguments for and
against their control. Those who are in favor of lowering
the pressure levels are based on that hypertension
is associated with poor outcomes® and may cause
expansion of the hematoma™*®*, INTERACT study,
randomized patients to intensive BP control (target
SBP 140 mmHg) vs traditional management (SBP
180 mmHg) within 6 h of ICH onset, showed a trend
towards reduction in hematoma growth in the intensive
treatment group, without increase the rate of neurolo-
gical deterioration or other adverse events®.

ATACH I study demonstrated safety of nicardipine for
acute reduction of BP in acute ICH®, while ADAPT trial
showed that control arterial hypertension to a target of
SBP of lower than 150 mmHg within 24 h of onset did
not produce clinically or CBF changes in perihematomal
region®®,

INTERACT 1I trial®”!, randomized patients with
spontaneous ICH and elevated SBP (= 150 and <
220 mmHg) to a strategy of intensive control (SBP <
140 mmHg) vs guideline-recommendations (SBP <
180 mmHg) within 6 h of symptoms onset, showed a
borderline decrease in poor outcome at 90 d (OR = 0.87,
95%CI: 0.75-1.01; P = 0.06)""\,

ATACH 1I trial® is an ongoing multi-center, rando-
mized phase III trial to determine the efficacy of early,
intensive, BP control initiated within 4.5 h of symptom
onset®®, The expansion of window from 3 to 4.5 h
was based on ATACH-I that suggests a reduction of
hematoma expansion, death and disability in patients
treated within 4.5 h after symptom onset™.

SCORE-IT is an ancillary study of ATACH II that
tests the hypothesis that patients with a Spot Sign will
receive clinical benefit from intensive ABP reduction™.

With regard to pharmacological management, its
preferably use agents that do not cause cerebral vasodi-
lation and sudden hypotension, so labetalol (loading
dose of 10-20 mg in 1-2 min, repeated every 1-20 min
until the desired level of blood pressure were reached or
until a maximum dose of 200 mg) or nicardipine (5-15
mg/h) are good options™**",

Venous thromboembolism prevention in ICH

Venous thromboembolism (VTE) is one of the most
feared complications of ICH. The incidence varies between
2%-17%, with a mortality rate of 5% 37100101,

Risk factors for VTE are: older age, female gender,
obesity, prolonged bed-rest, legs paralysis, lobar
hematoma, great volume, NIHSS score = 12, withdra-
wal of antithrombotic treatment, and pro-hemostatic
agents such as prothrombin complex or recombinant
activated factor VI, For optimal selection of strategy
for VTE prevention is crucial for maintaining the
balance between risk of hematoma enlargement and
VTE. Strategies to prevent VTE in ICH patients are
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pharmacological and nonpharmacological™®!. Non-

pharmacological agents are graduated compression
stockings (CS), intermittent pneumatic compression
(IPC) plantar venous pump, vena cava filters and early
mobilization!***.,

VICTORIA study compared the combination of
IPC with CS vs CS alone. The combination of the two
strategies was significantly superior in reducing the risk
of VTE!®,

CLOTS 1I study!'®!, showed that CS positioned to
the root of the thighs are superior to the CS positioned
below the knees. In CLOTS III, IPC was associated with
a significant reduction in the risk of VTE™®,

The main indication for vena cava filters is repre-
sented by the absolute contraindication to anticoagulant
therapy™®”, so, it is reasonable to reserve filters for
patients with very high risk of VTE'”). The role of early
mobilization for prevention of VTE is controversial and
uncleart'®®,

Systematic reviews and meta-analysis in terms of
efficacy and safety of pharmacological prophylaxis for
prevention of VTE balanced with the risk of hematoma
expansion showed that unfractionated heparin or low
molecular weight heparins significantly reduces the risk
of pulmonary embolism, whereas not reduced the risk
of DVT or death from all causes"®*'%, No increase in the
risk of hematoma expansion was observed!''’!, Based
on actual recommendations™** ' a possible flow chart
for VTE prevention in ICH is depicted in Figure 7.

URGENT REVERSAL THERAPY IN
ANTITHROMBOTIC, ANTICOAGULANTS-
RELATED INTRACEREBRAL
HEMORRHAGE

The urgent reversal therapy represents the cornerstone
of management of antithrombotic-related ICH. It aims
is to restore adequate hemostasis by neutralizing
the anticoagulant or antiplatelet activity with specific
antidotes, avoiding hematoma growth and devastating
consequences of drugs induced coagulopathy!'®?,

Specific antidotes are available only for few anti-
coagulants, such as vitamin K antagonists (VKAs),
unfractionated heparin (UFH) and idrabiotaparinux, not
marketed yet.

Protamine sulfate is the recognized specific antidote
for unfractionated heparin™''. The goal of protamine
for the reversal of unfractionated heparin is the
normalization of activated partial thromboplastin time
(aPTT). Protamine has a partial effect on LMWH reversal.
Therefore higher dose may be necessary™?.

Despite intravenous administration of vitamin K1
(VK1) represents the most used for VKAs reverse
(recommendation IA), it is not the only strategy because
it's slow onset of action and because need between
12-16 h to complete its action!**™**!, VK1 should be
always administered together with prothrombin complex
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ICH confirmed
Early mobilization

Legs paralysis or severe
restriction of motility

CT control at 24

Intermitent pneumatic and 48-72 h

compression

Clinical or neurological
worsening

Intermitent pneumatic

Pharmacological
prophilaxis with LMWH

compression
Daily evaluation for

pharmacological prophylaxis

Figure 7 Algorithm suggested for venous thromboembolism prevention in intracerebral hemorrhage. ICH: Intracerebral hemorrhage; CT. Computed

tomography; LMWH: Low molecular weight heparin.

concentrates (PCCs), rFVII or fresh frozen plasma
(FFP) because all these agents prove VK dependent
coagulation factors™®,

PCCs, rFVII and FFP have short half time, therefore,
the missed dose of VK1 could determine the rebound of
International Normalized Ratio (INR) values after their
pharmacological action!%**!],

The goal of urgent VKAs reversal in ICH is to bring
the INR values < 1.4 within 2-4 h!"%*"'*"¢ At the end
of pro-hemostatic infusion, INR should be re-checked,
and the adjunctive dose should be infused if its values
continue to be = 1.5"%*"¢! (Figure 8).

PCCs a derivate of plasma contain three or four non-
activated vitamin K depending coagulation factors (1I,
VII, IX, and X). Three factors PCCs lack for Factor VII™''”),
PPCs restore INR and reduce hematoma enlargement
rates, but it is controversial if it's associated with mor-
tality reduction or better functional outcome!™”**#!,

PCCs are considered the first choice for VKAs
urgent reversal from many scientific Societies!**",
Limitation of PCCs derived from thromboembolic risk.
Thromboembolic burden of PCCs is lower than 2%,

FFP is another effective strategy that leads to VKAs
neutralization in 4-6 h but has it certain limitations, such
as volume overload, especially in elderly or patients with
limited cardiac reserve; delays in time due to thawing
and blood group typing; infectious risk and TRALI
(transfusion acute lung injury)"%%.

Many reports have demonstrated that rFVII is
effective for prompt VKAs reversal in few minutes
without volume overload, but its use in this context
is not recommended due to high risk of arterial and
venous thromboembolic complications™*%.,
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Recent trials have demonstrated that new oral
anticoagulants, dabigatran, apixaban, edoxaban,
rivaroxaban, reduce the risk of ICH in comparison with
warfarin, however this effect is not negligible, ranging
from 0.2% to 0.4% per year. Case-fatality rate of new
oral anticoagulants related ICH is not significantly
different compared with warfarin ranged between
50%-70%"""%,

After urgent reversal, coagulation parameters should
be performed but, again, it is unclear if adjunctive
dose should be administered if coagulation parameters
remain abnormal™®?, Therefore the proposed coagu-
lation assays, such as aPTT, aPTT ratio, dTT, PT, PT ratio
and anti-Xa, are suboptimal tools for predicting the
response to pro-hemostatic agents, whereas methods
aimed at global evaluation of hemostasis, such as
thromboelastogram, platelet reactivity, and thrombin
generation might be more useful**%*?4,

Which is the optimal strategy for urgent reversal of
antiplatelet activity in antiplatelet-related ICH remain
unclear? Despite platelets transfusion or intravenous
desmopressin have been proposed, literature failed
to demonstrate their beneficial effect in ICH!***%¢,
Desmopressin has been proposed as a nonspecific
strategy in antiplatelet related bleeding. However, its
role in antiplatelet-related ICH is uncertaint**”’,

SURGERY OR NOT SURGERY: HAMLET'S
DILEMMA

Despite the time elapsed the debate continues, with
an open end. The removal of the hematoma reduces
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Vitamin K antagonist (warfarin-acenocumarol)
associated ICH

l

Stop anticoagulants
To obtain INR
Clinical stabilization
CT scan

Confirmation of ICH
INR > 1.5

10_-20 mg v PCC (4 components)
vitamin I?l 40-50 IU/kg
(1 mg/min)
If available 3 components PCC IF PCC or FFVIIa Check frequently INR

or ICH is severe

(great volumen, low GCS) not available

FFP 15-30 mL/kg

rFVIIa 90 ng/kg

Target < 1.5

Figure 8 Algorithm to urgent reversal therapy in vitamin K antagonist related intracerebral hemorrhage. ICH: Intracerebral hemorrhage; INR: International
normalization ratio; CT: Computed tomography; IV: Intravenous; PCC: Prothrombin concentrate complex; IU: International units; GCS: Glasgow coma scale; rFVIla:

Activated recombinant seven-factor; FFP: Fresh frozen plasma.

its volume, corrects distortions and displacements,
reduces ICP and improves CPP. Furthermore, abort
the continuation of neurotoxic and inflammatory casca-
des?®*¥*# 131 However, these theoretical advantages
must be weighed against parenchyma damage required
to access to the hematoma!*?*™",

Most neurosurgeons agree to operate lobar or
cerebellar hematomas in patients who deteriorate
clinically, however, uncertainty remains regarding deep
hemorrhages'**™**",

Current guidelines, recommend surgical treatment
in the following situations™**”: (1) cerebellar hema-
tomas of more than 3 cm in diameter in patients who
deteriorate clinically with secondary hydrocephalus or
compression of brainstem or fourth ventricle (grade
C); (2) hemorrhages secondary to arteriovenous
malformations, angiomas, cavernous malformations,
aneurysms, etc. (grade C); and (3) lobar hematomas
of moderate or larger volume in young patients with
neurological impairment (grade B).

The STICH study, enrolled patients with supra-
tentorial hemorrhages within the initial 72 h of sym-
ptoms onset, and then randomized them to medical vs
surgical treatment based on the principle of uncertainty
about the usefulness of surgery™*®!. Mortality and
functional outcomes were the same for both groups'*’’.
A small subgroup of patients was identified as able to
evolve better. They are individuals aware (GCS between
9 and 12 points) with superficial hematomas, located at
1 cm or less in the cerebral cortex!*”,
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The STICH II study™®, compare surgery (within 12 h
of randomization), with conservative medical treatment
in patients with spontaneous supratentorial hemorrhage,
lobar; superficial (< 1 cm from the cortex), with a volume
between 10 and 100 mL, without ventricular extension
of bleeding within 48 h of onset of symptoms™*”. There
were no differences between groups in terms of mortality
or disability rates at 6 mo. The subgroup of patients with
worse initial prognosis evidenced a favorable trend if
they were operated early™*".

A recent meta-analysis found that surgery seemed
effective in patients with a higher consciousness level
(GCS score 9-12) operated within eight hours of
symptom onset™",

Recently, the European Stroke Organization dec-
laims that there is no evidence to support surgical
intervention on a routine basis to improve outcome
after supratentorial ICH, but early surgery may be of
value for patients with a GCS score 9-12F7,

There is a worldwide tendency to operate these
patients with minimally invasive techniques, either
by endoscopy or stereotaxic with or without the
combination of a catheter into the hematoma to instill
fibrinolytic in order to accelerate the resolution of
hematoma[2-5,37,131-133].

MISTIE II study randomized patients to a control
group or clot aspiration with rtPA in putaminal (58%)
or lobar (42%) hemorrhages above 25 mL and GCS
< 14 and NIHSS > 6. Higher rates of clot removal and
lower mortality were observed in the treated group™?.
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MISTIE II and other trials of minimally invasive surgery
(MIS) have shown encouraging results, so a phase III
trial started in 2013™*,

Zhou's meta-analysis concluded that patients who
would most benefit from minimally invasive surgery
are those between 30 and 80 years with superficial
supratentorial hematomas, with volumes between 25
and 40 mL, admitted within 72 h in a good level of
consciousness (GCS = 9)1**,

CONCLUSION

The spontaneous ICH is a neurological-neurosurgical
emergency far from diminishing its prevalence will
increase in the coming years. Despite being one of
the most devastating forms of stroke, a light on the
horizon looms as a result of advances in knowledge
and the results of recent trials. It is extremely impor-
tant and essential to remove nihilism and self-fulfilling
prophesies. A multidisciplinary approach is essential.
Set the prognosis helps us in the process of decision-
making and communication with the patient or their
relatives. The therapy should be individualized and
follows a deep pathophysiologic analysis. The corner-
stones of therapy are correct evaluation, avoiding
secondary insults through neuroprotection physiological
measures, intensive control of blood pressure especially
in acute and rapid reversal of antithrombotic and
anticoagulant drugs. The role of surgery is still open to
debate especially in deep bleeding.
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