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Abstract

Intracerebral hemorrhage is hemorrhage occurring in the brain that can occur because of immediate trauma or
structural disease process. The age-standardized mortality rate is decreasing worldwide especially in the past 20
years, but the number of cases and incidence along with number of disability-adjusted life-years and deaths keeps
rising. Despite having half the incidence as ischemic stroke, intracerebral hemorrhage (traumatic or spontaneous)
causes more morbidity and mortality than ischemic stroke and yet an established strategy for treatment on the
lines of reperfusion therapy is a far-fetched dream. A selective review of all relevant articles covering recent
treatment options and guidelines along with major emphasis of the surgical aspect and pathophysiology has been
done. Complete literature review and differences between management of traumatic and spontaneous
hemorrhage were sought and discussed. A pathophysiological basis of management should be followed for both
these different yet similar pathologies. Understanding the etiology reveals a somewhat clearer picture regarding
treatment of this highly unfortunate and devastating disease. Current interest is focused on the surgical
management of the disease with the pathophysiology often been forgotten.
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Introduction
Intracranial hemorrhage is the bleeding inside the
brain parenchyma that may occur spontaneously or
by an insult like trauma. It is a common disease
with an approximate incidence of 25 per 100,000
persons every year [1]. It carries a lethal course due
to the mechanical disruption of vessels leading to a
neuronal injury with the subsequent activation of in-
flammatory cascade resulting in disruption of blood
barrier and concomitant cerebral edema [2, 3] and
obstruction in the cerebrospinal fluid flow causing
cerebral herniation and death [4]. It is considered a
medical emergency and rapid assessment and treat-
ment after the diagnosis based on clinical presenta-
tion and its confirmation with neuroimaging studies

is warranted to avoid clinical deterioration of the pa-
tient [5, 6] that could lead to unfavorable outcomes
[3, 7]. The objective of this narrative review is to
provide a piece of general knowledge about the mor-
bidity, mortality, types of intracranial hemorrhage,
complications, and treatment and correlate it with
the medical practice.

Intracranial hemorrhage
Intracranial hemorrhage (ICH) is a devastating disease
[1, 3] that may be spontaneous (also known as non-
traumatic intracranial hemorrhage) (SICH) or due to a
traumatic event (TICH) [8, 9]. It is a life-threatening
condition and a great cause of mortality and morbidity
common in the adult population compared to the chil-
dren [4, 9]. It has been accounted for 27% of strokes
worldwide [10]. It is important to differentiate ICH types
between traumatic and non-traumatic; when it is caused
by non-traumatic bleeding, the physician must consider
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different etiologies such as arterial large and small-vessel
disease, venous disease, and vascular malformation, and
hemostatic disorders [10, 11]. Also, it has been demon-
strated that TICH is prevalent in younger populations
(in older patients, falls are one of the highest causes) of
head injuries and subsequent intracranial bleeding with
a better prognosis when compared to the SICH [12].
As mentioned above, there are two types of ICH

[12]. SICH precipitates in cases with deformed vascu-
lature and especially in old people, it may be caused
by vascular disturbance, hematological problems, and
high-pressure onset [3, 11, 12]. While TICH occurs
by a physical and traumatic event with a mechanism
like contrecoup contusions by a violent movement of
the brain within the cranium, the tensile strain and
the brain itself overcomes the vascular resistance that
leads to the hemorrhage or blood vessel disruption by
shock waves secondary to the impact [11, 12]. In fact,
both types of ICH could have a sudden onset with a
neurologic deficit, alteration in consciousness, head-
ache, nausea, and vomiting as the first symptoms;
also, patients might present with seizures episodes.
The symptoms may be different based on the
hematoma location, ataxia being a clear symptom of
cerebellar hematoma while comatose status indicates
a brain stem lesion or a compressive hematoma with
mass effect [3].

Traumatic or spontaneous intracranial hemorrhage
Traumatic intracerebral hemorrhage (TICH)
Traumatic brain injury (TBI) is a problem with global
implications that will present multiple complications
and fatal outcomes in patients; this is one of the
main causes of mortality and disabilities worldwide
[13–16]. One of the TBI main complications is the
TICH known as the intracranial hemorrhage after a
moderate or severe TBI [15, 17] occurs in 13 to 35%
of patients after a traumatic event [18]. The increase
of the ICH volume is presented in almost 40% of the
cases, occurs within the first hours after the insult,
and can lead to unfavorable outcomes (mass effect,
refractory intracranial hypertension, and herniation);
for this reason, it has an important impact on the
prognosis and outcome of patients [19, 20]. The
trauma severities, advanced age, multiple lesions, and
midline deviation or cisternal compression are several
factors associated with the ICH and hematoma
growth [18].

Spontaneous intracerebral hemorrhage (SICH)
As previously mentioned the SICH is caused by an alter-
ation in the vasculature and is common in the eldest
population in most of the cases [12]. It is divided into
two categories, the primary SICH that happens without

a concomitant vascular malformation or coagulation
problems and the secondary that occurs as a vascular
malformation result [3, 11]. The etiology may differ re-
garding the concomitant diseases being hypertension,
cerebral amyloid angiopathy (CAA) [3], arteriovenous
malformation (AVM), neoplasm, and aneurysmal bleed,
the most common causes, even though there may be
some other etiologies such as aneurysmal subarachnoid
hemorrhage (ASH), hemorrhagic transformation of is-
chemic stroke (HTIS), venous sinus thrombosis, vaso-
spasm, viral encephalitis, metabolic disorders, and
neoplasm [12, 21]. Most common sites of ICH related to
the etiology are the external capsule of the putamen, the
thalamus, pons, cerebellum, and lobar white matter with
intraventricular extension [21].

Hypertension
Hypertension may be present in up to 70 to 90% of pa-
tients with ICH [22, 23]. Microaneurysms of the lenticu-
lar striated branches of the middle cerebral artery,
secondary to reactive hyperplasia of smooth muscle cells
of cerebral arterioles and resulting collagen deposit, are
usually broken [2, 21, 24, 25]. The classic localization of
these hemorrhages are the basal ganglia (35–40%), thal-
amus (10–20%), and cerebellar dentate nucleus and pons
(5–10%) [22–25]. It is not yet clear whether, at the time
of presentation of the ICH, if hypertension is a contrib-
uting factor, the cause or the result [22]; however, when
the patient has a history of inadequately controlled
hypertension, we could undoubtedly suspect that it
could be the cause of the bleeding [24]. In non-contrast
computed tomography (NCT), the observation of
smooth-looking hematomas which are homogeneous,
round, or oval and the association with a thin rim of
edema which progressively can enlarge for several days
after of the hemorrhage, with involvement of the peri-
ventricular white matter and the protuberance, produ-
cing irregular areas of hypo attenuation in the CT and
the hyperintensity of T2 in the MRI is very suggestive
that the ICH is secondary to a hypertensive micro-
angiopathy [2, 24]. The age of the patient is also an im-
portant factor to identify the etiology of ICH because for
patients under 45 years of age, the causes of ICH are dif-
ferent from hypertension [2].

Cerebral amyloid angiopathy
Cerebral amyloid angiopathy (CAA) corresponds to 5–
20% of all non-traumatic ICH in normotensive patients
older than 55 years old [21], is a pathology that increases
with age, and is the second most important risk factor
for developing ICH after hypertension [2, 24]. In this
condition, there is a deposition of amyloid-β proteins in
the capillaries, arterioles, and cortical arteries of small
size; such deposition is rare in the brainstem and basal
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ganglia [26]. This produces a weakening of the vascular
wall that can cause brain microbleeds [1, 2]. The charac-
teristic that distinguishes it from the hemorrhage related
to hypertension is its lobar, cortical, or cortical-
subcortical localization that affects individuals older than
55 years old who are normotensive; hemorrhages are
often multiple and recurrent with extension to the sub-
arachnoid space [2, 21, 24].

Aneurysmal subarachnoid hemorrhage
Although it is clear that the most common etiology
of SAH is of traumatic origin, among the non-
traumatic causes, the rupture of a cerebral aneurysm
represents up to 85% [2]. SAH represents 5–15% of
all brain strokes, with an associated mortality of 12
to 66%, but because the disease affects a consider-
able proportion of young patients and leads to the
loss of productive life-years, this is so significant as
the secondary to ischemic cerebral infarction, the
most frequent among strokes as a public health
problem [2, 27]. The commonly identified risk fac-
tors are female gender, smoking, and hypertension,
and it is important to know that patients usually re-
port a sudden onset of headache, which they de-
scribe as “the worst headache of their life” [2, 21,
28]. The diagnosis is made with a CT scan without
contrast or with a lumbar puncture when the CT
scan is negative and there is a high clinical suspicion
[2]. Among the CT scan findings, we found higher
density in basal cisterns, parenchymal hematoma,
and massive appearance with a large filling defect
and calcification [21]. Obliteration of the emergent
aneurysm with surgical trimming or endovascular
coiling is indicated to prevent rebleeding of the
aneurysm, which makes a good result unlikely. When
this is delayed, procoagulant therapy could be effect-
ive, since it reduces the risk of rebleeding [4].

Hemorrhagic transformation of ischemic stroke
Hemorrhagic transformation (HT) is a complication
of acute ischemic stroke (AIS) and is any
hemorrhage in the ischemic tissue observed in com-
puted tomography (CT) or magnetic resonance
(MR). It is defined as “any degree of hyperdensity
within the area of low attenuation” [29]. HT can be
observed in the infarct area in many patients after
the appearance of the AIS (from 2 to 40%); further-
more, it is usually associated with greater morbidity
and mortality [3, 21, 30]. Studies have shown some
risk factors associated with HT, among which are,
aging, non-recanalization, hyperglycemia, anticoagu-
lants, antiplatelet therapy, and fibrinolytic therapy
[30–34]. The cause and pathophysiology of HT after
ischemia is complex and is likely to involve damage
to the blood-brain barrier (BBB) or reperfusion of is-
chemia (Tables 1 and 2) [17, 29].

A patient in ER with ICH
ICH initial management is similar to the early ischemic
stroke management (airway, cardiovascular, and coagula-
tion problems management) [8], but in the ICH, one of
the main objectives is to determine the intracranial pres-
sure, this could lead to a neurological worsening and
fatal outcomes like disability or even death [4, 6, 9, 34].
But also, it is important to localize and approximate the
volume of the hemorrhage to understand the impending
cerebral injury risk and to establish the patient treatment
[1]. The importance of the hematoma growth control is
due to the high risk of the brain tissue compression or
obstruction of the cerebrospinal fluid outflow that will
lead to herniation and death [4, 9, 35, 36]. The neuroim-
aging is useful to track the hematoma expansion and see
the likelihood of a possible herniation [1, 21]. Also, it
has been demonstrated that large intracranial blood vol-
umes are related to higher mortality in the injured

Table 1 Etiology and most common locations of ICH [21]

Etiology Most frequent ICH locations

Hypertensive bleed External capsule of the putamen, pons, thalamus, cerebellum, and
intraventricular extension from lobar white matter bleeding

Cerebral amyloid angiopathy Lobar, cortical, or subcortical hemorrhage

Hemorrhagic ischemic stroke Cortex and basal ganglia

Aneurysmal subarachnoid hemorrhage Posterior communicating artery (PCA), anterior communicating artery
(ACA), middle cerebral artery trifurcation, basilar tip, and PICA (posterior
inferior cerebellar artery)

Cerebrovascular malformations: arteriovenous malformations (AVMs),
dural arteriovenous fistulas (DAVF), cavernous malformations, and dural
venous anomalies

Cavernous sinus, posterior fossa

Venous thrombosis Posterior temporal, parasagittal frontal, and parietal lobes

Neoplasm hemorrhages Depends on tumor location.

Anticoagulant therapy Supratentorial and intraparenchymal

Quiñones-Ossa et al. Egyptian Journal of Neurosurgery           (2020) 35:13 Page 3 of 9



patients [15]. Computed tomography scan (CT scan) is
the most used neuroimaging test for the initial diagnosis
but magnetic resonance imaging (MRI) is equally effect-
ive but takes more time [3, 37]. In order to detect sec-
ondary etiologies, the CT angiography and the MR
angiography are used to establish conditions like AVMS
or aneurysms as the etiology of the ICH in suspected pa-
tients [3, 37]. The CT scan is useful to determine
whether there is or is not an ICH and the increase of the
hemorrhage or hematoma volume that will produce a
mass effect and refractory intracranial hypertension that
will require a surgical intervention, [2, 19] while the MR
is usually made to determine the cause of the
hemorrhage [2].

Intracranial pressure
The pathophysiology of intracranial pressure is gov-
erned by the Monro-Kellie doctrine, which states that
the total volume of intracranial contents is constant
and that any increase in any of these components will
initially fill a small potential space of only a few milli-
liters in volume, but then it must be compensated by
a decrease in the volume of another intracranial com-
ponent to avoid an increase in the ICP [38, 39].
There is a very close relationship between volume
and intracranial pressure. Initially, the pressure in-
creases slightly with the increase in volume, but when
the system’s damping mechanisms are exceeded, the
ICP increases notably [40]. If the ICP approaches the
mean arterial pressure (MAP), cerebral perfusion is
compromised, leading to a secondary ischemic lesion
[6]. We can measure intracranial pressure using de-
vices that are inserted into the skull, by two mecha-
nisms: ventricular catheter systems (IVC) and
parenchymal catheter systems [26]. The AHA/ASA
guide recommends the use of less invasive methods
(such as raising the head of the bed to 30°, analgesia,
and sedation to a state of calm and immobility, main-
taining an optimal perfusion pressure between 50 to

70 mmHg) at first place to decrease ICP [6, 26], and,
if it is not successful, the start of more invasive mea-
sures [41].
In order to control the intracranial pressure, the

mannitol is a common substance used in the cerebral
swelling and herniation signs [4, 9], but it must be
considered that repeated doses lead to hypovolemia
due to the osmotic diuretic effect of mannitol [42].
Furthermore, the use of hypertonic solution could be
more effective than mannitol [43, 44]. The aggressive
reduction of blood pressure could control the
hematoma growth and even the rebleeding in case
the ICH is due to a broken aneurysm, but the reduc-
tion could lead to acute ischemia or infarction due to
the low cerebral perfusion [3, 4, 9, 45–47].

Blood pressure
Following an ICH, an increase of blood pressure is com-
mon and has been described as an independent pre-
dictor of hematoma growth, perihematomal edema, and
poor outcomes [6]. It has been documented that there is
a zone of brain tissue at risk that if blood pressure drops
precipitously, it could become ischemic due to the de-
crease in cerebral perfusion pressure. In addition, it is
believed that acute hypertension (aHTN) worsens the
growth of the hematoma [6, 48]; this last situation is
stronger for systolic BP > 175mmHg [6]. As described,
there is still controversy about the exact objective of
therapeutic blood pressure [26]. The guidelines recom-
mend in acute ICH within 6 h of onset, the reduction of
blood pressure (systolic objective < 140mmHg in < 1 h)
[8, 10, 41]. A randomized clinical trial where CT perfu-
sion was used in small and medium ICH did not demon-
strate a significant reduction in flow of blood within the
perihematomal region related to early intensive reduc-
tion of blood pressure (BP) to a systolic blood pressure
(SBP) target of < 140 mmHg within several hours of ICH
[49]. In a clinical cohort of 211 patients who received a
standard protocol for BP reduction based on nicardipine

Table 2 Differences between spontaneous and traumatic SAH [12]

Etiology SICH TICH

Common age of
presentation

Elderly Young or middle-aged

Associated features Intraventricular extension, SAH Skull fracture, subdural extra-dural hemorrhage, SAH, contusion

Clinical features Varies according to the location
of hematoma

Disproportionate to the location of hematoma on account of associated multiple brain
injury and countercoup phenomenon

Deep coma Common Less common

Seizures at
presentation

Less common Common

Common location of
bleed

Subcortical > cortical Cortical > subcortical

Prognosis 1/3 have good outcomes 2/3 have good outcomes
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to achieve a SBP target of < 160 mmHg at an average of
30 mins (range, 15–45min) within 3 h after the start of
the ICH, the best results were observed in the group
with the lowest SBP (< 135mmHg) [50]. The AHA does
not recommend a particular drug [41], but between the
pharmacological arsenal to lower BP, we found nicardi-
pine in infusion of 5 to 15mg/h, nitroprusside in infu-
sion of 0.1–10 μg/kg/min, labetalol in bolus dose of 5 to
20mg every 15 min and infusion of 2 mg/min, esmolol
bolus 250 μg/kg or infusion 25–300 μg/kg/min, hydral-
azine 5–10mg every 30 min or infusion 1.5–5 μg/kg/
min, enalapril 1.25–5 mg each 6 h, with 0.625 mg IV as
starting dose and nitroglycerin in infusion of 20–400 μg/
min [3, 26].

Seizures
To manage the possible seizures is important to under-
stand that early seizures occur within 1 week of the ICH
and late seizures occur after the first week of the ICH
onset [51], even if the seizures do not change the mor-
tality or the eventual outcome, it is important to con-
sider the long-term post seizures [6, 52, 53]. They
usually occur in 8 to 15% of patients and may be the ini-
tial clinical manifestation in patients with ICH [3]. This
is due to the acute disruption in the brain integrity with
a biochemical alteration as the excessive release of neu-
rotransmitters of excitatory nature and the blood deg-
radation producing toxic effect that would lead to a
cortical alteration [54, 55]. In a clinical trial, 72 patients
were randomized with valproic acid or placebo following
a spontaneous ICH. They observed that patients treated
with valproic acid were less likely to experience early sei-
zures. However, there were no differences with respect
to the general seizure rates in both groups during the 1-
year follow-up [56]. The guidelines do not recommend
the use of antiepileptics routinely for the prevention of
seizures after an ICH [10]. These seizures are usually
treated with benzodiazepines or antiepileptic drugs [6].

Fever
Fever (> 38.3 °C) may follow an ICH [3], it has been
identified as a factor of poor results in these patients
[6, 10]. Frequently, no source of infection is identi-
fied [4], but this may be associated with sepsis, in-
traventricular hemorrhage (IVH), perihematomal
inflammatory process, or subarachnoid propagation
of the ICH [6]. Antipyretics may be used to reduce
mild fever [8], but it has been shown that the rou-
tine use of paracetamol is not beneficial for thermal
control [10, 57]. In animal models, induced
hypothermia decreases some mediators such as
thrombin and proinflammatory cytokines; this conse-
quently decreases perihematomal edema [58]. Exter-
nal cooling devices may be used in some clinical

settings but have not been shown to improve the re-
sults [10]. Although there is no benefit demonstrated
controlling of fever, normothermia maintenance is
logical and thus recommended to prevent secondary
brain injury [8].

Hemostatic therapy
A hematoma usually spreads from an active hemorrhage,
which is a predictor of poor results. Accordingly, pa-
tients with ICH could benefit from early hemostatic
therapy [6]. In patients with coagulopathy, the prognosis
of the ICH is worse, this should be reversed, due to the
increase in the rate of expansion of the hematoma and
the duration of that expansion [26]. In accordance with
the above, it is necessary to remove anticoagulants as
quickly as possible [8, 26]. Literature indicates that clin-
ical outcomes of ICH related to vitamin K antagonists
(VKAs) are poor [4]. Therefore, VKA should be discon-
tinued, and in patients with an elevated international
normalized index (INR), rapid measures are necessary to
reverse the effects of VKA [8, 10]. Traditionally, for the
correction of INR, vitamin K is administered intraven-
ously at a dose of 5–10mg, followed by fresh frozen
plasma (FFP) at repeated doses until the INR is 1.4 or
less and prothrombin complex concentrates (PCC) [3, 4,
8, 26, 41]. The reversal of non-vitamin K antagonist oral
anticoagulants (NOACs), such as dabigatran, is still
under study [8]. Recently, idarucizumab, a monoclonal
antibody designed to reverse the anticoagulant effects of
dabigatran, has been introduced into medical practice as
the first antidote for NOACs [59]. In the case of non-
coagulopathic ICH, the administration of procoagulant
agents such as recombinant factor VIIa (rFVIIa) is still
being studied [26]. A clinical trial showed that rFVIIa
could restrict the growth of the hematoma but showed
no improvement in clinical outcomes and increased the
risk of arterial thromboembolic events [60]. Due to these
results, its use is not recommended systematically unless
it is for ICH associated with hemophilia with factor in-
hibitors [26].

Surgical management
If patients present with a small mass lesion or a midline
shift less than 5 mm, the patient should be managed
with conservative management with close monitoring
[31]; otherwise, as mentioned before, the increase of the
intracranial hemorrhage that leads to a higher midline
shift, the refractory high intracranial pressure, and the
mass effect that would lead to a herniation require surgi-
cal management [19]. This treatment evacuates the
hematoma and limits secondary insults and further com-
plications; there are two common ways to do the surgi-
cal intervention: one is the open craniotomy with clot
removal and the other one is the minimally invasive
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surgery that uses thrombolytics [3, 61]. The neurosurgi-
cal intervention must be considered in patients with
neurological deterioration, loss of consciousness, and
herniation or high intracranial pressure signs [7, 62].
A fronto-temporo-parietal craniotomy approach is sug-

gested for the supratentorial bleeding with mass effect and
midline shift [31]. Decompressive craniectomy approach
is usually recommended for the edema and high intracra-
nial pressure treatment that would help to drain the high
blood volumes that lead to the previously mentioned mid-
line shift [31, 63]. In subdural hematomas, the twist drill
trephination, burr-hole trephination, craniotomy, decom-
pressive subtemporal craniectomy, and a complete hemi-
craniectomy are recommended [31, 63].

Outcomes
The outcome is determined by multiple factors: etiology
(SICH or TICH), age of the patient, depth of coma at
presentation, and location of the hematoma. It is import-
ant to consider that patients who suffer an ICH are at
high risk of a new vascular event [64]. In a previous
study comparing traumatic and spontaneous ICH, two
thirds of all TICH patients had favorable outcomes, as
determined using the GOS, compared to one third of
patients having SICH; this difference is accountable by
virtue of younger age of TICH patients [21]. The re-
habilitation in ICH patients is recommended.

Investigations or current data
There are certain minimum facilities necessary if one
wants to treat a case of ICH. These include teams of
neurology, neuroradiology, neurosurgery, and critical
care facilities, which need round the clock trained nurses
and physicians [41, 64]. A routine part of the evaluation
should be a severity score assessment of the patient
along with relevant history and a quick but thorough
examination. Since National Institutes of Health Stroke
Scale (NIHSS) score can be of limited value in ICH pa-
tients, an externally validated score such as the ICH
score is of value. A non-contrast computed tomography
(NCCT) is a routinely available and recommended
screening tool for ICH diagnosis as it has increased sen-
sitivity to pick up acute hemorrhage. However identify-
ing secondary causes of SICH such as underlying
structural lesions including vascular malformations and
tumors is imperative, and moreover, there is an assump-
tion that hemorrhage in the basal ganglia and post fossa
is due to hypertension and thus does not need further
imaging. However, now with the availability of CT angi-
ography (CTA), which is a widely available tool with
minimal risk, every patient presenting with non-
traumatic SAH should undergo CTA [65, 66]. Also,
radiological features such as presence of SAH, a non-
circular shape of hematoma, presence of edema out of

proportion to the size of ICH, unusual hemorrhage loca-
tion, presence of mass lesion, or cord sign of venous
sinus thrombosis should alert for the presence of a sec-
ondary cause and lead to more specific vascular imaging,
the minimal being CTA and Catheter angiography being
the gold standard for the same. Also, in a prospective
analysis of 109 patients [67], it was found that CTA was
able to detect DSA-positive pathologies causing acute
spontaneous intracerebral hemorrhage in young (age be-
tween 18 and 45 years) or nonhypertensive patients with
high positive and negative predictive values. Hematoma
expansion is a strong predictor of mortality and eventual
outcomes. The CTA spot sign is an important predictor
of the same and has now a consensus definition and
classification criteria (Table 3) [68].
There is an acute need for a standardized approach for

imaging of acute SICH, which will reduce the number of
digital subtraction angiography (DSA) being unnecessar-
ily performed while not compromising the rate of sec-
ondary ICH detection.

Gaps in knowledge
There are certain gaps in knowledge that remain despite
best efforts. Epileptic seizures occur in 3–17% of patients
but no evidence has emerged to show that prophylactic
AED use leads to a better outcome. Also, patients of
SICH are usually immobile and paretic and thus at high
risk for DVT and pulmonary embolism. Consequently,
the use of low molecular weight heparin is essential and
has not shown any effect on hematoma growth [69].
CLOTS 1 reported 2518 stroke patients (232 with ICH)
and eventually found that thigh-high compression stock-
ings did not reduce DVT, pulmonary embolism (PE), or
death [70]. CLOTS 2, however, reported that DVT was
more common with below-knee graduated compression
stockings compared to thigh-high graduated compres-
sion stockings [71]. CLOTS 3 had 2876 patients (376
with ICH) and reported that intermittent pneumatic
compression begun as early as the day of hospital admis-
sion reduced the occurrence of proximal DVT. More
importantly, this effect was particularly prominent in pa-
tients with hemorrhagic stroke [72].
Dysphagia and aspiration can lead to aspiration pneu-

monitis. CHANT (cerebral hematoma and NXY treat-
ment) was a trial to test the safety and tolerability of
NXY-059 in patients with spontaneous ICH. At least 1
adverse event was reported in 88% of the placebo-
treated patients while 40% of ADEs were serious (i.e., re-
sulted in prolonged hospitalization, were immediately
life-threatening) or were fatal [73]. Concurrent stroke
and MI were not uncommon. Data from the prospective
Austrian Stroke Unit Registry included 4984 ICH pa-
tients and found that 0.3% of patients had an MI over a
median duration of 3 days. Consequently, a formal
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screening procedure for dysphagia needs to be per-
formed in all patients before the initiation of oral intake
to reduce the risk of pneumonia and systematic screen-
ing for myocardial ischemia or infarction with ECG and
cardiac enzyme testing after ICH should be done [74].
An attempt at removal of ICH either by craniotomy

or through a burr hole or via an endoscope or cath-
eter is still controversial at best today. A recent meta-
analysis of the three STICH (Surgical Trial in Intrace-
rebral Haemorrhage-1, 2 and Trauma) Trials has
probably defined a specialized subgroup of patients in
a specific time period that may benefit from surgery.
Mendelow has succinctly stated “Craniotomy is prob-
ably indicated for patients with superficial spontan-
eous lobar supratentorial hematoma when the level of
consciousness drops below 13 within the first 8 h of
the onset of hemorrhage” [75].

Conclusions
ICH location may specify the bleeding etiology, being
the subdural and epidural hematomas due to traumatic
injuries while the intraparenchymal, perimesencephalic,
or subarachnoid bleedings may be due to a vascular eti-
ology [4]. It is important to understand for the general
practitioner the difference in the intracranial bleeding
types in order to improve the initial management.
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