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1. Introduction

Of all cerebral strokes, hemorrhagic stroke forms approximately 15%, of which hypertensive
intracranial hematomas (HIH) constitute the vast majority [1, 2]. Intracranial hemorrhage (ICH),
contrary to popular belief, is not a ‘modern disease” and is mentioned as ‘Cerebral Apoplexy” in
the writings of antiquity credited to Hippocrates [3]. ICH can be attributed to a number of under-
lying pathologies including amyloid angiopathy, cryptic vascular malformations, arteritis and
hypertension [3]. Despite modern imaging such as computed tomography (CT) and magnetic
resonance imaging (MRI), diagnostic uncertainty inhibits a serious study of the natural history
and epidemiology of ICH [3]. ICH is predominantly of two types: primary ICH, when no under-
lying pathology is identifiable and secondary ICH, when hemorrhage occurs in a pre-existing
lesion such as a tumor or arteriovenous malformation [2, 3].

ICH occurring spontaneously is often referred to as ‘Hypertensive’ in common medical par-
lance, and there is little doubt that elevated blood pressures promote the occurrence of ICH;
although several environmental factors have been identified as risk factors, hypertension
remains the single most relevant of them all [3]. A systematic review of literature has demon-
strated that hypertension is one of the commonest and most prevalent risk factors associated
with ICH [1, 4]. A 3.5-fold increase in the incidence of ICH is noted in hypertensive patients in
comparison with normotensive patients [2]. Isolated systolic hypertension is found to correlate
most strongly with ICH in contrast to diastolic hypertension and borderline isolated systolic
hypertension [1]. The other factors found to have some relevance to the occurrence of ICH are
cigarette smoking(increases risk of ICH by 4x to 5x), alcohol consumption, diabetes mellitus, use
of oral contraceptives and male gender [1, 3]. There has also been an association between low
mean serum cholesterol and the incidence of ICH, especially in the older individuals [3, 5]. HIH
also has a racial predilection, being highest in Asian population and least in the Caucasians [3].
Of the myriad diseases being studied today, HIH is not only one of the many which is being
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investigated so thoroughly that a clear understanding of the risk factors and their modifications
has attributed to the plunging incidence of the disease [3].

2. Clinical presentation

Clinical symptomatology of the ICH is dependent on the dissection of the brain tissue by the
expanding hematoma and mass effect, implying the importance of the location and size of the
hematoma [6]. Location of HIH is usually in the deep nuclei of the brain: basal ganglia (40%),
the thalamus (10-25%), the cerebellum (5-10%) and the pons (5%) [6]. Thalamic hematomas
may further be subdivided into four different locations: anterolateral (21%), medial (15%),
posterolateral (55%) and dorsal (9%) [7]. Lobar hematomas involving the neocortex account
for 20% or less [6]. The hallmark of ICH is ‘Acute neurological deficit with rapid progres-
sion,” in contrast to ischemic strokes [6]. Fluctuating neurological symptoms are extremely
uncommon [6]. The general symptoms include raised intracranial pressure which manifests
as headache (33-57%), nausea and vomiting (29-46%) and decrease in the level of conscious-
ness (28-37%)] [6]. At presentation, 4-20% of ICH patients are in a coma [6]. Meningeal irrita-
tion manifesting as neck stiffness and seizures (<10%)] are other general symptoms of ICH [6].
Symptomatology related to the location of the hematoma varies. Cortical lobar hematomas in
the dominant hemisphere can present with higher mental function symptoms such as apha-
sia, acalculia or motor apraxia [6]. Non-dominant hemispheric symptoms appear as left-side
neglect, agnosia or visuospatial dysfunction [6]. Hematomas may present with symptomatol-
ogy specific to the cerebral lobe involved such as abulic-apathetic behaviors with frontal lobe
involvement and contralateral homonymous hemianopsia with occipital lobe involvement
[6]. The involvement of the deep grey nuclei usually depends on the location and direction
of the hematoma expansion, e.g., caudate nuclei hematomas may involve the anterior limb of
the internal capsule involving predominantly frontothalamic and frontopontine fibers mani-
festing as prominent neurobehavioral changes, in contrast to putaminal hematomas which
usually involve the posterior limb of the internal capsule and may present with contralateral
hemiparesis or hemiplegia [6]. Caudate and thalamic aphasias may occur in the dominant
hemisphere [6]. Cerebellar hematomas may demonstrate the typical ‘Cerebellar Syndrome,’
and pontine hematomas may present with dense quadriplegia or the typical ‘locked-in syn-
drome’ in addition to cranial nerve deficits [6].

2.1. Expansion of ICH

Expansion of ICH appears to be more common than initially thought. Over a third of
patients may demonstrate the expansion of hematoma over the first 24 h [6]. A fivefold
morbidity has been reported with the expansion of the ICH and a significant cause of death
in these patients [8]. The radiographic criteria for hematoma expansion have been reported
as an increase in hematoma volume by >12.5 cm or by >1.4 times [8]. Temporally, the high-
est probability of hematoma expansion is seen in the hyperacute stage (17% within the first
6 h) [8]. Hematoma enlargement after 24 h rarely occurs [8]. It stands to reason, therefore,
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if a hyperacute CT scans reveal an ICH, repeat scans should be considered periodically.
There have been speculations about the etiology of the expansion, viz. whether there occur
repeated small hemorrhages or there is a continuous oozing [9]. Expansion of an ICH gener-
ally follows the general ‘rule of thumb,” and the larger the hematoma at presentation, the
more likely it is to expand [10].

Interestingly, hematoma expansion has been shown to be an independent determinant of
morbidity and mortality in ICH [11]. For an increase of 10% in the size of the ICH, there
appears to be a 5% increased hazard of death [12].

3. Pathophysiology and etiopathogenesis of ICH

It has been proven that ICH usually occurs in the area supplied by small perforating arte-
rioles (50700 um in dia.) and the rupture occurs as a consequence of hypertension-related
pathological changes which include fibrinoid necrosis, microaneurysm formation and lipo-
hyalinosis [6]. It is conjectural that the pulse pressure may in fact be more important than the
absolute blood pressure, since the turbulence generated would damage the vessel resulting
in a rupture if collagen is inadequate especially in the presence of repetitive cycles of arte-
riolar dilatation [7]. The Charcét-Bouchard aneurysm, which has been a controversy since
its original description, is a fusiform dilatation of the thinning, vasculopathic arteriolar wall
which virtually entirely consists of collagen [7]. The controversy has stemmed from the use of
the term “aneurysm’ for the ‘non-saccular,” ‘fusiform’ dilatation of the vessel walls [7]. These,
then, morphologically, characterize a segmental disease, fusiform (dilatation by a factor of
two or three, over lengths of 100-200 um), which has been revealed by the use of alkaline
phosphatase techniques and may be visualized in the pathological specimen of the hematoma
as extensions of a vessel into an acute hematoma lined by a endothelial lining [7].

4. Management

The management is symptomatic and mainly supportive, and no definite treatment modal-
ity has proven to improve outcomes in ICH [6]. Mortality is high, generally ranging from
30 to 55% with a very high case fatality rate in the first 7 days [6]. The long-term prognosis
for the survivors is not very encouraging with less than 30% of patients being independent
at 3 months of the ICH ictus [6]. The goals of management therefore include prevention of
further brain injury by deterring hematoma expansion, restricting edema and to attempt
recruiting the brain’s plasticity to improve the rehabilitation outcome [9]. Prehospital
management is vital and primarily consists of ventilator and cardiovascular support and
transporting the patient to the nearest available stroke unit [9, 13]. Management at the emer-
gency room (ER) consists of a thorough neurological assessment, management of elevated
blood pressures and neuroradiological evaluation and may entail emergency procedures
such as insertion of an external ventricular drain, monitoring ICP and its management and
reversal of coagulopathy [13]. Critical pathways should be formulated and followed at the
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ER level [13]. Computed tomography and magnetic resonance imaging are both reasonable
initial modalities of investigation, especially if the differentiation between infarction and
hemorrhage is difficult clinically [13]. However, CT is considered the gold standard for the
diagnosis of hemorrhage [13]. Intensive blood pressure lowering has been evaluated by
several trials, and the majority of results reflect a proclivity toward rapid reduction to less
than 140 mm Hg [10]. This seems clinically reasonable, generally well tolerated and appears
to impact hematoma expansion in ICH [10].

4.1. Ultra-early hemostatic therapy for ICH

Ultra-early hemostatic therapy for ICH is recommended because an increase in the hematoma
volume and expansion are associated with poorer outcome [12]. ICH has an increased inci-
dence in patients on oral anticoagulants or antiplatelet drugs and those with coagulation fac-
tor deficiencies and platelet abnormalities [12]. Ultra-early hemostatic therapy is particularly
indicated in these patients and includes appropriate intervention, such as platelet transfu-
sions or administration of vitamin K, in addition to the other management options outlined
above [12].

4.2. Surgical management

Early studies had failed to demonstrate any significant difference between conservative and
surgical management of ICH [9]. There were also reports of poorer surgical outcome due to
the trauma of surgery itself and a higher postoperative re-hemorrhage rate [7]. There have
been over a dozen randomized controlled trials, addressing the issue of the surgical manage-
ment of ICH [9]. The surgical approach to the hematoma depends on the location and the
depth of the hematoma and eloquence of the brain involved among other considerations [9].
It has also been reported that surgery may be beneficial only if undertaken within 8 h of ictus,
thus limiting the toxic effects of the blood components on the brain [14].

4.3. Recent advances and trials

The initial Surgical Trial in ICH (STICH) trial of over 1000 patients did not reveal any statisti-
cally significant benefit of surgery for supratentorial ICH except for hemorrhage within 1 cm
of cortical surface [7]. The STICH II trial for lobar hematomas found a small (3.7%) absolute
benefit in the surgical group, but it was riddled with controversy because of the inclusion
of patients with a normal level of consciousness (i.e., clinically no evidence of raised ICP)
[14]. The STICH II trial, however, did demonstrate significant benefit from surgery in the
group that was considered a poor prognosis group (i.e., low GCS and a large hematoma vol-
ume) [14]. There have been several recent trials researching minimally invasive surgical tech-
niques such as endoscopic or stereotactic aspiration with or without fibrinolytic agents [9].
‘Minimally Invasive Surgery and rtPA for Intracerebral Hemorrhage Evacuation’ (MISTIE)
is a series of clinical trials where minimally invasive evacuation of ICH and the use of either
a thrombolytic agent [MISTIE II (2013) and MISTIE III (ongoing)] or a CT-guided endoscope
(MISTIE-ICES) is under study [15]. Early results were favorable for the successful and early
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removal of the ICH in addition to demonstrating a fall in the mortality rate and long-term
qualitative outcome [15].

4.4. Recombinant activated factor VII (rFVIIa) therapy

Recombinant activated factor VII (rFVIIa) therapy, although a well-documented therapy
in the Haemophilias, it has found limited application in the indiscriminate use in ICH
and is associated with multiple thromboembolic complicationsincluding death [11]. It has,
however, demonstrated a reduction in the growth of the ICH when administered within
4 h of the ictus. Perihematomal edema and secondary injury are the focus of attention and
includes altering events at the molecular level, which would precipitate secondary injury
in ICHs. These include iron-mediated toxicity and acute inflammation which is induced
by the degradation products of hemoglobin [10]. Multiple modalities, such as the use of
minocycline, hypothermia and albumin, have been advocated as possible neuroprotective
agents in the prevention of secondary injury from inflammation in ICH [10]. Deferoxamine
mesylate is investigated to counter the neurotoxic effects of iron resulting from hemolysis
of the red blood cells [10]. Preclinical work with Pioglitazone has revealed that the tran-
scription factor peroxisome proliferator-activated receptor gamma plays an essential role
in enhancing phagocytosis with the dual role of restraining oxidative stress and inflam-
mation [10].

5. Prognosis

There is a slightly more than 1% chance of a survivor of an ICH to endure either a new ICH
or an ischemic stroke each year [9]. The three most important and reliable indicators of poor
outcome after ICH are volume of the hematoma, level of consciousness and intraventricular
hemorrhage (IVH), which is implicated most likely due to the involvement of more centrally
located structures within the brain [9, 12].

6. Conclusion

Although, hemorrhagic stroke has been known since antiquity, it has been an extremely
challenging medical condition to treat. One that has been investigated exhaustively, and
future avenues of treatment will most likely combine several approaches not just at reduc-
ing the size of the hematoma and prevention of its expansion but also therapies aimed at
mitigating the secondary insult. Further focus, understandably, would rest on grasping
the molecular mechanisms of the pathogenesis and the innate immune responses and
formulating remedies to combat these effects. This chapter has attempted a brief over-
view of the topic. Further sections will highlight many aspects of this neurological entity
in depth, hopefully illuminating our understanding of this ubiquitous but challenging
disorder.
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Abstract

Intracerebral hematoma occurs in about 35/100,000 population and the incidence is likely
increase over the next few decades as the population ages. The most common causes are
hypertension and amyloid angiopathy. Bleeds due to these two causes are classified as
primary while all other causes, such as AVM bleeds, coagulopathies, and so on, are classi-
fied as secondary. Primary tissue damage due to the intracerebral hematoma is followed
by edema, neuronal damage, and secondary damage due to cellular breakdown. Basal
ganglia are the most common site of intracerebral hemorrhage, accounting for nearly
50% of cases. CT scan, CT angiogram, DSA, and MRI are the investigations of choice. The
initial management is medical, with control of blood pressure and antiedema measures
forming the mainstay of treatment. Surgical option includes external ventricular drain-
age, endoscopic evacuation of hematoma, craniotomy and evacuation of hematoma, and
decompressive craniectomy and is usually reserved for patients who deteriorate while
on treatment.

Keywords: intracerebral hematoma, management, guidelines

1. Epidemiology

Intracerebral hemorrhage (ICH) or hemorrhage within the brain parenchyma is the second
most common cause of all cases of sudden neurological deficits following strokes and has the
highest mortality amongst all varieties of stroke [1]. A study in 1993 [2] showed that 1-year
survival following an ICH was 38% and this had improved to only 52% by 2009 [3]. In-hospi-
tal mortality has remained stable at around 34% over the last three decades [4], all of which
makes prevention a cornerstone of treatment of this devastating disease. The incidence of ICH
in the United States is estimated to be about 24.6/100,000 of person years, ranging from 1.8 to
129 per 100,000 person years [5] and this is likely to go up over the next few decades as the
percentage of the elderly in the population increases.
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One of the major risk factors identified with ICH has been that of race, with Asian popula-
tions being affected almost twice as much as other races. Whites appear to have a lower inci-
dence when compared to nonwhites. The second risk factor to be identified was age, with
those over 85 years of age having a 10-fold increase in the incidence of ICH compared to
younger patients. Women were found to have a 15% lower chance of hemorrhages, but this
was not statistically significant [6]. The single most important modifiable risk factor associ-
ated with ICH has undeniably been hypertension. A meta-analysis of 11 case control studies
found the risk of bleeding in hypertensives to be 3.5 times above that in normotensives [7]
while a multicentric case control study put the risk at nine times above that in normoten-
sives in patients who had a blood pressure of over 160/90 mm Hg [8]. Even increases within
the normal range of blood pressure have been associated with a linear increase in the risk
of ICH [9].

Increased alcohol intake in the 24 hours preceding the onset of bleed as well as during the
week prior to the ictus have been identified as independent risk factors for ICH [10] and the
location of the hematoma in these patients tended to be lobar [11]. While high cholesterol
levels have been associated with increased risk for ischaemic stroke, low cholesterol has been
associated with an increased risk of cerebral micro bleeds and ICH. However, the exact associ-
ation of different lipid fractions with this risk has yet to be elucidated [12]. Recent studies have
shown that apolipoprotein E (APOE) €2 and €4 are independent risk factors for lobar ICH,
which stands to reason considering their association with amyloidosis [13]. Tobacco smoking
has been consistently associated with occlusive diseases such as coronary and peripheral vas-
cular disease, as well as ischaemic stroke and subarachnoid hemorrhage, but its association
with ICH is tenuous at best [14].

2. Etiology

ICH has been divided into primary and secondary varieties based on the underlying pathol-
ogy. When no underlying pathology such as vascular malformation or coagulopathy is
detected, and the primary cause of the bleed is due to rupture of small vessels in the brain,
usually secondary to chronic damage from long-standing hypertension or cerebral amyloid
angiopathy, the bleed is considered primary (Figures 1 and 2). Nearly 80% of all intracerebral
hematoma cases fall into this category [15].

Chronically elevated blood pressure causes smooth cell hyperplasia in the cerebral arteries,
followed by death of smooth muscle cells. There is also an increase in the stiffness of arterial
walls in these patients, and this loss of elasticity may predispose to arterial rupture with sudden
elevations in blood pressure. Electron microscopic studies have shown that most ruptures occur
near the bifurcation of arteries, where there is degeneration of tunica media. This may be why
most of the bleeds that occur in hypertension are located in deeper parts of the brain [16, 17].
Cerebral amyloid angiopathy, in contrast, features amyloid deposition in the leptomeningeal
and intraparenchymal cortical vessels, resulting in superficial or lobar hemorrhages. Patients
with amyloidosis are more likely to be older (over 60 years of age) and have hematoma sizes
greater than 30 cc while those with hypertension are younger and have hematoma volumes less
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Figure 1. Hypertensive left ganglionic hematoma with IVH.

Figure 2. Same patient as in Figure 1, after surgical evacuation of hematoma following neurological deterioration. The
black arrow shows widening of Sylvian fissure, which was split to approach the hematoma from its most superficial
area. The bone flap was not replaced due to severe brain swelling.

than 30 cc [18]. A history of recurrent episodes of intracranial bleeds is likely to favor a diagnosis
of cerebral amyloid angiopathy. It should, however, be borne in mind that these characteristics
are nonspecific and need to be confirmed by histopathology if possible [19].

Bleeding from vascular malformations such as arteriovenous malformation (Figure 3), cav-
ernous angiomas, and dural arteriovenous (AV) fistulae, hemorrhagic conversion of an isch-
emic stroke, bleeding from intraparenchymal tumors, ICH occurring in patients with bleeding
diathesis and in those taking anticoagulants (Figure 4) all come into the category of secondary
ICH [20]. Tumor bleeds typically occur in metastases, such as melanoma, choriocarcinoma,
renal carcinoma, or thyroid carcinoma, and from high grade gliomas [21]. Aneurysmal bleeds
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Figure 3. Large lobar hematoma with IVH due to a vascular malformation.

Figure 4. Isolated IVH in an anticoagulated patient.
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Figure 5. This patient had a bleed which looked like a ganglionic hematoma with IVH, but closer observation showed a
partially thrombosed MCA aneurysm (white arrows, top right).

(Figure 5) may sometimes present with an intraparenchymal component and an ICH may
occasionally be the result of a sinus thrombosis [22]. Recently, patients with hepatitis C infec-
tion have been identified as having a higher risk of ICH compared to a control group without
HCV infection. The risk was higher in younger patients and increased with increasing sever-
ity of the viral infection [23]. Drug abuse, especially cocaine use, has been found to cause
an increased incidence of subcortical hemorrhages with intraventricular extension and these
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patients have a poorer prognosis when compared to nondrug users with spontaneous ICH
[24]. Patients or oral warfarin have an 8- to 14-fold increase in the risk of ICH compared to the
normal population, but the risk appears to be lower in those being treated with newer antico-
agulants such as dabigatran [25, 26]

3. Pathophysiology

Intracerebral hemorrhage results in primary damage due to the injury to neural tissues. This
is followed by secondary damage resulting from increased intracranial pressure as well as
the presence of intraparenchymal blood. The secondary damage occurs through several
pathways that run concurrently, eventually leading to the loss of the blood brain barrier and
severe cerebral edema resulting in extensive cellular lysis. As in traumatic brain injury, early
removal of the hematoma and cellular debris, either by surgical removal of the clot or by the
action of the inflammatory cells such as microglia and macrophages, help to reduce the extent
of secondary damage [27, 28]. Animal studies have shown that perihematoma edema can be
divided into three phases: immediate (up to 24 h after hemorrhage), intermediate (from 24 h
to 5 days), and late (beyond 5 days) [29]. The immediate edema results from osmotically active
proteins accumulating in the extravascular compartment and can be seen on histological stud-
ies, but not on imaging. Intracerebral hemorrhage results in primary damage due to the injury
to neural tissues. This is followed by secondary damage resulting from increased intracranial
pressure as well as the presence of intraparenchymal blood. The secondary damage occurs
through several pathways that run concurrently, eventually leading to the loss of the blood
brain barrier and severe cerebral edema resulting in extensive cellular lysis. As in traumatic
brain injury, early removal of the hematoma and cellular debris, either by surgical removal of
the clot or by the action of the inflammatory cells such as microglia and macrophages, help
to reduce the extent of secondary damage [30]. Red cell destruction due to activation of the
clotting cascade releases thrombin which again causes disruption of the blood brain barrier,
failure of the sodium pump, and increase in the edema [31, 32]. This intermediate edema can
be visualized radiologically. The late cerebral edema results from oxidative damage due free
radical release which is a result of cellular destruction and hemoglobin breakdown.

Several additional pathways for cellular damage following intracerebral hemorrhage have been
advocated, such as apoptosis or programmed cell death associated with the expression of nuclear
factor-kB in neuronal nuclei [33] and breakdown of extravasated heme into bilirubin and biliru-
bin oxidation products, which activate microglia. The microglia then activate leucocyte adhesion
molecules on endothelial walls, leading to an influx of leucocytes into the brain. The activated
microglia produce cytokines which along with the leucocytes mediate further cell injury [34].

The commonest site for an intracerebral hematoma is the basal ganglia, with the putamen
being the preferred location. Nearly 50% of all ICH cases involve in the basal ganglia, fol-
lowed by the thalamus, pons, cerebral white matter, and brainstem. The source of bleeding is
usually a Charcot-Bouchard micro-aneurysm, arising from either the lenticulostriate arteries
in case of putaminal bleeds or thalamoperforators in case of the thalamic bleeds. The parame-
dian branches of the basilar artery are the source for basilar and cerebellar hemorrhages [35]
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4. Presentation

The clinical presentation of intracerebral hemorrhage depends on the location of the bleed
and its size. Smaller bleeds in non-eloquent areas may present with headache, nausea, and
vomiting. Larger hemorrhages into the frontal lobe may be associated with contralateral
hemiparesis, mainly involving the upper limbs, and aphasia if the dominant lobe is involved.
Parietal lobe involvement causes contralateral hemisensory impairment with mild hemipa-
resis and cognitive impairment. Occipital hematomas may present with pain in the ipsilat-
eral eye and contralateral homonymous hemianopia. Dominant temporal lobe involvement
causes Wernicke's aphasia which may be associated with poor auditory comprehension, while
nondominant temporal lobe hemorrhage may be asymptomatic unless it is large enough to
cause symptoms due to the mass effect. Putaminal hemorrhages may present with a range of
symptomatology, from minimal pure motor deficits on the contralateral side to severe sen-
sorimotor impairment, aphasia, neglect, gaze deviation, and impaired level of consciousness.
These patients have a gradual deterioration in clinical symptoms from the time of onset with
a 30-day mortality as high as 50%, but only a small percentage has headache as a present-
ing symptom [36]. In contrast, nearly 30% of patients with a thalamic bleed present with
headache. They have hemisensory disturbances that are out of proportion to the minimal
weakness. Significant weakness may be found when the hematoma extends into the internal
capsule and associated eye signs indicate involvement of the midbrain.

Tanaka et al. [37] found that when compared to putaminal hemorrhages, thalamic hemor-
rhages were associated with a more pronounced reduction in cerebral blood flow (CBF)
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Figure 6. Preoperative images of a vermian hematoma with intraventricular extension in a patient with hemophilia.
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Figure 7. Postoperative images of a vermian hematoma with intraventricular extension in a patient with hemophilia.

bilaterally, even though their hematoma volumes were much smaller. They hypothesized
that the reduction of CBF may be secondary to metabolic depression due to transneuronal or
functional depression (“diaschisis”). The metabolic depression in thalamic hemorrhages is
more extensive and persistent than in putaminal hemorrhages, which probably accounts for
the reduced CBF and worse outcome in thalamic hemorrhages. While several studies have
quoted a size of 3.3 cm as a determinant for survival in patients with thalamic hemorrhages
[38—40] in a prospective trial that included 100 patients there were three survivors with hema-
tomas larger than 3.3 cm who were able to lead independent lives [41]. However, sizes of the
hematoma and intraventricular extension were two major factors that were found to correlate
with the eventual outcome.

Cerebellar ICH may present with limb ataxia, ipsilateral gaze palsy, cranial nerve deficits
such as an abducens or peripheral facial palsy, and nonspecific symptoms like headache and
vomiting. In a series of 56 patients, Ott et al. found that nearly three-fourth of the patients had
one of the first three signs described [42]. As in other types of ICH, intraventricular extension,
initial GCS, and older age were associated with a poor prognosis in patients with cerebellar
ICH (Figures 6 and 7) [43].

5. Evaluation

A plain computerized tomography (CT) scan of the brain is the standard investigation per-
formed in all suspected intracranial pathologies which present as an emergency. In cases
of ICH, CT scan will usually reveal a hyperdense lesion within the brain parenchyma, with
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possible intraventricular or subarachnoid components. The latter typically occurs with ante-
rior communicating or middle cerebral artery aneurysmes.

The volume of the hematoma can be calculated by the modified ellipsoid volume calculation
where the anteroposterior (A), right to left (B), and cranio-caudal lengths of the clot (C) are
measured. The last (that is, C) is calculated by counting the number of slices in which the clot
is seen and multiplying it by the slice thickness. The formula (AxBxC)/2 can then be used to
calculate the clot volume [44]. On multivariate analysis in several studies, initial Glasgow
Coma Scale score, hematoma volume, and an infratentorial location of hemorrhage were
found to correlate strongly with the outcome of intracerebral hematoma. Univariate analy-
sis had also implicated higher initial and 48-h maximum glucose concentrations, and higher
percentage of ICH expansion as being significantly associated with poor functional outcome
at hospital discharge. In anticoagulated patients, the initial INR or the time to INR correction
did not affect the outcome [45].

Magnetic resonance imaging (MRI) is rarely the investigation of choice in the acute scenario
due to various reasons. A complete study requires much more time than a CT scan and the
spontaneous movements of a partially obtunded patient may cause imaging artefacts and
significantly prolong the imaging time. If the patient worsens clinically while undergo-
ing imaging, it may be difficult to access him immediately. Initially, it was felt that small
amounts of hyperacute blood were difficult to visualize in many imaging sequences, but a
study by Linfante et al. showed that MRI scans were capable of demonstrating a hyperacute
bleed within 2 h of symptom onset [46]. An advantage of MRI is the ability of gradient echo
sequences to distinguish hemorrhages of varying ages, which is extremely useful in amyloid
angiopathy and cavernous angiomas.

While initial investigators believed that the progressive neurological deterioration that
occurred in the hours following an intracerebral hemorrhage were due to the mass effect
of the hematoma, radiological studies have shown that early hematoma growth occurs in
up to 38% of all patients with ICH [47]. This has led to efforts to identify the factors that
promote rehemorrhage, so as to identify the patients at risk of deterioration, as well as to
develop management strategies to prevent a rebleed. The major risk factors for a rebleed
include uncontrolled hypertension with a systolic blood pressure more than 195 mm Hg, a
previous infarction at the site of the hemorrhage, alcoholism which predisposes to liver dis-
ease and which in turn leads to coagulopathies, anticoagulant use, high white cell count, and
hyperthermia [48]. Contrast extravasation on CT angiography was found to correlate well
with the risk of rehemorrhage [49]. The presence of tiny enhancing foci, known as the “spot
sign” on axial images of a 3D CT angiogram has been reported to be associated with a higher
risk of hematoma expansion [50]. This correlation was found to be true especially when the
Hounsfield units (HU) of these foci were in the range of 192.12 + 45.97 while patients with spot
signs having a lower HU of 151.10 + 25 did not suffer from a hematoma expansion [51]. The
surgical trial in intracerebral hemorrhage (STICH trial) introduced the concept of a prognos-
tication score for ICH, which was calculated using the equation (10 x admission GCS) — age
(years) — (0.64 x clot volume (ml)) [52].

17
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If there is a suspicion of a vascular anomaly as the main cause of the hemorrhage, and if the
CT angiogram is noncontributory, a catheter angiogram (cerebral DSA) should be considered.

6. Medical management

The optimum treatment for intracerebral hemorrhage is an area of ongoing research and
changing guidelines (Table 1). While the STICH trial went some way in answering some of
the questions regarding the role of surgery, it also raised a number of issues which are yet
to be resolved [53]. The initial, prehospital and emergency room management for patients
with ICH is the same as those for patients with ischemic stroke and was elucidated in the
guidelines published by the American Heart Association (AHA) and the American Stroke
Association in 2013. A severity score should be calculated as soon as possible, so as to enable
prognostication (Tables 2 and 3). If facilities for stroke care are not available in the hospital,
the patient should be transferred to a tertiary care center as early as possible.

No. Problem Recommendation Class of
evidence
1 Initial presentation in emergency Perform baseline ICH severity score I
2 Differentiate between ischemic and CT or MRI scan I
hemorrhagic stroke
3 Possibility of hematoma expansion Contrast CT and CT angiogram to be considered IIb
4 Vascular anomaly CT or MR angiograms (arterial/venous studies) Ila
and DSA to be considered
5 Management of coagulation defects Correct coagulopathy or thrombocytopenia with 1
appropriate therapy
6 Patients on vitamin K antagonists (VKA) Stop VKA, give intravenous vitamin K 1
7 Fresh frozen plasma (FFP) or prothrombin b
complex concentrates (PCC)
8 Patients on heparin Protamine sulphate b
9 Patients on newer anticoagulants PCC, factor VIII inhibitor bypassing activity 1Ib
(FEIBA) or rFVIIa, hemodialysis and activated
charcoal if drug was ingested within 2 h
10 Prevention of deep venous thrombosis Intermittent pneumatic compression 1
(DVT)
Low molecular weight heparin to be considered IIb
after 1-4 days once cessation of hematoma
expansion is documented
11 Established DVT IVC filter or systemic anticoagulation JIE}
12 Hypertension (systolic BP 150-220 mm Hg) Lower SBP to 140 mm Hg Ta
without contraindication for acute lowering
of BP
Hypertension (SBP > 220 mm Hg) Aggressive reduction of SBP IIb
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No. Problem Recommendation Class of
evidence

13 High blood sugar Control adequately, avoiding hypoglycemia I

14 Fever Control adequately IIb

15 Seizures Clinical seizures and abnormal EEG in patients T

with altered mental status should be treated

Continuous EEG monitoring in patients with JIE
altered mental status that is out of proportion to
extent of brain injury

16 Concurrent cardiac events ECG and cardiac enzymes to be checked JIE]
17 Hydrocephalus Ventricular drainage JIE
18 GCS less than or equal to 8, presence of ICP monitoring, maintain CPP at 50-70 mm Hg IIb
IVH
19 IVH Intraventricular rtPA-efficacy uncertain 1Ib
20 Cerebellar hematoma, neurological Surgical evacuation 1
deterioration
21 Supratentorial ICH, neurological Surgical evacuation IIb
deterioration
Decompressive craniectomy IIb
Minimally invasive clot evacuation-efficacy 1Ib
uncertain
22 Aspiration pneumonia Screen for dysphagia before starting oral feeds T

Table 1. Evidence-based recommendations on management.

Component Value Points
Glasgow Coma Scale (total score) 3-4 2
5-12 1
13-15 0
Intracerebral hematoma volume 230 cm? 1
<30 cm® 0
Intraventricular hemorrhage Present 1
Absent 0
Origin of intracerebral hematoma Infratentorial 1
Supratentorial 0
Age >80 years 1
<80 years 0

Table 2. ICH severity score [89].
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Total ICH score (points) Mortality rate (%)
0 0

1 13

2 26

3 72

4 97

5-6 100

Table 3. The total ICH score obtained by adding all the component scores from Table 1 can be used to prognosticate the
mortality as given below.

The patient has to be admitted into a dedicated stroke unit or an intensive care unit, and inva-
sive (arterial) blood pressure monitoring should be instituted as soon as possible for control of
hypertension. The INTERACT? trial showed a significantly better outcome for patients whose
systolic blood pressure (SBP) was less than 140 mm Hg compared against a group where the
SBP was less than 180 mm Hg [54]. Therefore, an SBP of 140 mm Hg should be targeted for all
patients admitted with ICH. If multiple, long-term, intravenous access is anticipated, a multi-
lumen central venous line can be inserted if the coagulation profile is normal.

Patients with a low Glasgow Coma Scale score who are not candidates for early surgery may
need intracranial pressure monitoring. Using an intraventricular catheter for the same has the
dual advantage of monitoring pressure and allowing drainage of CSF, for countering acute
rise in intracranial pressure and in cases of obstructive hydrocephalus due to intraventricular
hemorrhage. The intraventricular blood may frequently block the catheter, which can be over-
come by using a thrombolytic agent such as 1 mg of tissue plasminogen activator (tPA) given
through the catheter, following which the catheter is clamped for 30 min. This can be repeated
every 8 hours until the third and the fourth ventricles are cleared of blood on CT or until a
maximum cumulative dose of 20 mg rtPA is reached [55]. Ventricular catheters, however, are
associated with a higher risk of parenchymal bleeds and infections, and this has to be borne in
mind while choosing the type of ICP monitoring. In patients with coagulation disorders, the
coagulation should be corrected and if the patient is on antiplatelet drugs, platelet transfusion
administered prior to catheter insertion [56].

As the medical management of ICH aims primarily to reduce the intracranial pressure, the
tenets of management have been borrowed from the experience gained in treating traumatic
brain injury. Mannitol has been the mainstay in the management of raised ICP for a long
time, but problems such as rebound phenomenon have led to the increasing use of hypertonic
saline (23.4%) for the same purpose [57]. Both the drugs can be used in patients with ICH but
the latter may be more effective [58].

Though initial trials with recombinant activated factor VII (rFVIla) showed promise in limit-
ing the hematoma size following early administration of the drug to patients with intracere-
bral hemorrhage, this was not borne out in phase three trials [59, 60] Furthermore, the use of
rFVIla has been associated with an increased incidence of thromboembolic events compared
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to placebo (7% vs. 2%) and as such the medication is not recommended in noncoagulopathic
patients (Table 4) [56].

Therapy Class of evidence
rFVIIa for VKA reversal I
Prophylactic anticonvulsants I
Intraventricular drainage in patients with cerebellar I

hematoma, brainstem compression

Early surgery for clot evacuation in a stable patient IIb

Table 4. Therapies not indicated in ICH.

A vast majority of patients with ICH have fever during the postictal period and the incidence
is higher in those with intraventricular hemorrhage. The duration of fever correlates inversely
with the patient outcome. Furthermore, cooling the body has been reported to reduce the
perihematoma edema, and hence body temperature needs to be controlled with medicines or
external cooling after an ICH [61-63].

Almost all patients admitted in the ICU after an intracranial bleed have stress induced hyper-
glycemia. This may result in loss of control of blood sugars in a diabetic, or high blood sugars
in a nondiabetic, both of which are associated with a poor outcome in patients with supra-
tentorial ICH [64]. A study suggested improved clinical outcomes with tight control of blood
sugar to the range of 80-110 mg%, but this was found to cause occasional hypoglycemia
resulting in increased mortality [65, 66]. As such, no specific target is recommended for blood
sugar control in these patients and the broad recommendation that both hypo- and hypergly-
cemia need to be avoided can probably be met by trying to maintain the blood sugar levels in
the range of 120-150 mg%, at least till new evidence is available.

Up to 16% of patients have seizures after an ICH and the incidence is higher in those with
lobar bleeds, probably due to the cortical involvement in this cohort of patients. While the
incidence of seizures in these patients can be reduced by use of prophylactic anticonvulsants,
their use has not been associated with any change in long-term clinical outcome or mortality
[67-69]. Though some studies had linked the use of antiseizure drugs, particularly phenyt-
oin, to increased death and disability, probably due to their sedative and cardiovascular side
effects, a recent study found no such correlation [70-72]. A study of sodium valproate showed
no difference in the rate of new onset seizures in patients given either a placebo (22.2%) or
the drug (19.5%) [73]. Therefore, use of prophylactic anticonvulsants is not recommended at
present.

The co-occurrence of myocardial infarction and ischemic stroke has been well documented,
and Sandhu et al. found that 15% of patients admitted to the ICU who had an elevated tro-
ponin I level in the first 24 h, and that is contributed to an increased mortality [74]. A large
meta-analysis of stroke patients put the annual risk of MI at 2.2% for these patients [75]. A
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preventive protocol including cardiac enzymes, ECG, and echocardiogram should be in place
for the management of patients with ICH.

Many patients with intracerebral hemorrhage have an associated coagulopathy or platelet
dysfunction, either due to an underlying disease such as factor deficiency or due to the use of
anticoagulant/antiplatelet medications. The presence of such a coagulopathy must be identi-
fied and corrective measures taken as soon as the patient is admitted, in order to prevent
hematoma expansion. The detailed management of patients on oral anticoagulants can be
obtained from the guidelines published by the American College of Chest Physicians [76].

Intraventricular hemorrhage associated with ICH has been consistently associated with a
worsening of the eventual patient outcome. While an external ventricular drain is useful in
draining the blood and treating the obstructive hydrocephalus produced due to obstruction
of the ventricular pathway by blood clots, this treatment is not very effective in practice due to
the propensity of blood clots to also block the catheter. The use of local fibrinolytic agents was
promoted to overcome this problem. The CLEAR-IVH (clot lysis: evaluating accelerated reso-
lution of IVH) trial [77] showed that there was a significant reduction in the incidence of cath-
eter blockage and duration of catheter insertion in patients given intraventricular rtPA. They
had a lower incidence of permanent CSF diversion procedures, but also suffered a higher
incidence of rehemorrhage [78, 79]. An alternative to the use of intraventricular catheters is
the endoscopic clearance of the intraventricular hemorrhage. While studies have not shown
any improvement in mortality or neurological outcome, patients who underwent endoscopic
clot evacuation have been reported to have a lower requirement of permanent CSF diversion
procedures [80].

7. Surgical management

The exact role that surgery plays in the management of ICH remains shrouded in controversy,
mainly due to the multitude of factors and the heterogeneity of patients that present with
ICH. The largest studies that looked at the benefit of early surgery for patients with supraten-
torial ICH did not show any benefit compared to medical management, but detailed analysis
showed that two subgroups of patients had a better prognosis with surgery. The first were
those with lobar hemorrhages within 1 cm of the cortical surface and the second were those
who were assigned a poor prognosis at the time of presentation, using a formula devised for
the study.

The ideal surgical procedure is also open to question, with the reported procedures including
craniotomy and evacuation of the hematoma, decompressive craniectomy, minimally inva-
sive clot evacuation with the use of rtPA (MISTIE II), stereotactic aspiration of the clot and
needle aspiration of the basal ganglionic hematoma [81-84].

There is more clarity in cases of infratentorial hematoma, with most surgeons in agreement
that pontine hemorrhages are best managed conservatively (Figure 8). This is due to the diffi-
culty in surgically accessing the brainstem, the morbidity associated with surgery on the brain
stem and the high mortality associated with these hemorrhages. However, it has been noted
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Figure 8. Large hypertensive pontine hemorrhage destroying the entire brainstem.

that patients with bleeding cavernous malformations have a much better outcome than those
in whom the cause of hemorrhage is uncontrolled hypertension, and this subgroup may merit
surgery [85]. On the other hand, most patients with cerebellar hemorrhages warrant early
surgery, especially when the clot volume is more than 3 cm. This is due to the direct compres-
sion of brainstem caused by even small infratentorial hemorrhages, due to the small volume
of the posterior fossa and the propensity of these bleeds to cause obstructive hydrocephalus.
Insertion of external ventricular drain to treat the hydrocephalus may seem like a logical
move, but patients thus treated have had a worse prognosis due to the incidence of reverse
transtentorial herniation following decompression of the ventricles [86, 87].

While performing a craniotomy for evacuation of ICH, a few points have to be kept in mind [88].

1.

Position the patient so that a vertical track from the surface will lead to the hematoma. This
will reduce the chances of the surgeon becoming disoriented and missing the hematoma.

. In putaminal hemorrhages, the shortest track will often involve dissecting the Sylvian and

performing the corticectomy in the insula (see Figure 2).

. In deep-seated hematomas, use intraoperative ultrasound or neuronavigation to find the

shortest track to the clot to avoid excessive damage to normal brain.

. When there is a large hematoma abutting the Sylvian fissure, a preoperative angiography

(CTA or DSA) should be done to exclude a middle cerebral artery aneurysm (see Figure 5).

. After obtaining hemostasis, increase the blood pressure by 20-30 mm Hg above the base-

line and ensure there is no bleeding, so as to reduce the risk of rebleed.

. In most cases, the bone flap can be safely replaced as the brain will be lax once the hema-

toma is evacuated.
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8. Conclusion

The goal of treatment in patients with ICH is very similar to that in traumatic brain injury,
namely, to prevent further damage. This can be achieved by preventing the expansion of
the hematoma, reducing ischemic and hypoxic damage, removal of the hematoma, and
management of hydrocephalus when appropriate and effective rehabilitation. Primary
prevention by controlling hypertension should be a goal of national healthcare programs.
Many of the strategies used in the management of these patients is in a state of constant
flux since studies on the subject wind up raising more questions than they answer. It is up
to the physicians to constantly update themselves on the best management protocols for
these patients, and to devote some time to clinical research that will shed more light on this
devastating disease.
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Abstract

Intracerebral hemorrhage (ICH), defined as bleeding within the brain parenchyma,
remains a challenging and controversial neurosurgical entity to treat. ICH has a broad
range of etiology —stemming from complications associated with traumatic head injury
to complications of hemorrhagic stroke. The role of medical management lies in optimiz-
ing blood pressure and intracerebral pressure, preventing secondary injury from compli-
cations of the hematoma such as seizures, and correcting coagulopathy. Given the mass
effect of a hematoma and the possibility of expansion, surgical interventions attempt to
evacuate the clot to restore normal intracerebral pressure and prevent worsening neuro-
logic injury. This chapter reviews the recent controversy associated with surgical evacu-
ation of intracerebral hemorrhage placing particular emphasis on the size and location
of the hemorrhage and the methods used to evacuate the expanding ICH. Moreover, this
chapter reviews considerations and therapeutic goals of the preoperative and postopera-
tive window to minimize complications and optimize patient care.

Keywords: intracerebral hemorrhage, hemorrhagic stroke, surgical intracerebral hemorrhage,
neurosurgical interventions

1. Introduction

Intracerebral hemorrhage (ICH) is defined as bleeding that takes place within the brain paren-
chyma and impacts 63,000 people annually within the United States [1, 2]. ICH is a major
complication of traumatic brain injury and contributes to 15% of strokes [3]. Many etiolo-
gies are implicated in ICH, including hypertension, vascular anomalies, amyloid angiopathy,
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coagulopathy, brain malignancies, pregnancies, and substance abuse. Depending on the extent
of hemorrhage and additional risk factors, ICH prognosis can be highly variable. Extensive
hemorrhage has been associated with greater than 30% mortality rate within one month of
injury with only 30% of patients returning to independent functioning by 6 months [4].

Medical management aims to optimize blood pressure, intracerebral pressure (ICP), coagu-
lopathy, seizure control, fever control, and deep vein thrombosis prophylaxis. Additionally,
surgical management aims to prevent neurologic decline through surgical decompression of
the skull and evacuation of expanding hematoma [5]. However, the role of surgery in man-
agement for ICH remains controversial, and numerous trials have been conducted examining
the indications and efficacy of prompt surgical intervention. This chapter will explore the cur-
rent scientific literature regarding the indications and efficacy of neurosurgical intervention
in the management of patients with ICH.

2. Preoperative diagnostics and workup

ICH presents with acute-onset focal neurologic deficits, headache (approximately 40% of
patients), elevated systolic blood pressure (50%), nausea, and vomiting (50%) [5-7]. Common
deficits include, in order of decreasing incidence, paresis, sensory deficits, speech deficits, vision
changes, and gait disturbances [6]. Symptoms are often progressive due to hematoma expansion,
which tends to occur within the first several hours following ICH. However, patients without
hemorrhage growth may still experience substantial neurological deterioration within the first
24 hours [8]. Electrographic seizures may occur in up to a third of patients with ICH, although
only half of these are clinically significant [9]. Seizures are more likely to occur with cortical
involvement of ICH and may be associated with neurological deterioration and increased mid-
line shift [10, 11]. Patients commonly have altered mental status, and those with large or grow-
ing hematomas may experience rapid worsening in Glasgow Coma Scale (GCS) [12].

Non-contrast computed tomography (CT) scan is considered to be the “gold standard” for
diagnosis of new ICH and detection of other forms of intracranial bleeding that may present
concomitantly [13]. Magnetic resonance imaging (MRI) may also be beneficial in identifying
microhemorrhages, and CT angiogram is sensitive in identifying secondary causes of intrapa-
renchymal bleeding such as aneurysm rupture, vasculitis, intracranial malignancy, or arterio-
venous malformations [14, 15].

In an emergency setting, ensuring adequate airway, breathing, and cerebral perfusion is
essential. For patients with a GCS < 8, transtentorial herniation, intraventricular hemorrhage,
or hydrocephalus, an ICP monitor should be placed to dynamically monitor cerebral perfu-
sion pressure [16]. Management of elevated ICPs in the acute setting includes elevating the
head of bed to 30°, sedation, intubation, and hyperventilation of the patient to a PaCO, of
25-30 and rapidly infusing hypertonic saline or mannitol while preparing the operating room
for surgical decompression or clot evacuation [9, 17]. Management of hemorrhagic mass effect
and acute hydrocephalus via external ventricular drain is beneficial for ICP measurement
and cerebrospinal fluid (CSF) diversion in these patients and has been shown to significantly
reduce mortality in the setting of intraventricular hemorrhage [18, 19].
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3. Surgical management

The role of surgery in the treatment of intracerebral hemorrhage remains a matter of debate.
Though many clinical trials have attempted to better characterize the role of surgical evacu-
ation in ICH, variability in factors such as location and volume of the bleed and method of
surgical intervention have long limited extrapolation to guidelines. Much less controversy
surrounds the surgical management of infratentorial ICH due to proximity to the brain stem
and the possibility of catastrophic injury and complications [20, 21]. For this reason, posterior
fossa hematomas greater than 3 cm are evacuated due to the significant risk of brain stem
compression and hydrocephalus [22].

Regardless of the cause of ICH, close monitoring of complications such as hypertension,
hematoma expansion, perihematomal edema, seizures, intraventricular hemorrhage leading
to hydrocephalus, and venous thromboembolism is vital to patient survival and prevention
of functional deficits [23]. In addition to reducing intracranial pressure, surgical evacuation
reduces clot volume, which contributes to both mechanical compression of the brain and
neurotoxic edema [24]. Despite these perceived benefits, clinical trials prior to 2004 failed to
demonstrate a clear survival difference in patients offered surgical intervention and medi-
cal treatment compared to conservative medical management. For example, a multicenter
randomized controlled trial utilizing minimally invasive, stereotactic approaches with low-
dose tissue plasminogen activator (tPA) for liquefaction and aspiration of clot (SICHPA trial)
demonstrated effective reduction of clot size compared to conservative treatment, but no dif-
ferences were found in 180-day mortality rates [25].

Five trials from 1989 to 2003 demonstrated equivocal outcomes following surgical interven-
tion. Encouraging functional outcomes were demonstrated in a small study of stereotac-
tic evacuation of putaminal hemorrhages in 2004 [26]. The International Surgical Trial in
Intracerebral Hemorrhage (STICH) randomized over 1000 patients with spontaneous basal
ganglia and/or lobar hemorrhages to surgery within 24 hours of presentation versus early
conservative management with possible surgical evacuation after 24 hours in the setting of
neurological deterioration to examine the efficacy of early surgical clot evacuation. Though
the trial found only 26% of surgical patients had favorable outcomes at 6 months compared to
24% in the medical management group, subgroup analysis demonstrated that patients with
supratentorial ICH with hematomas 1 cm or less from the cortical surface had improved out-
comes with surgical evacuation compared with patients with deep hematomas and conserva-
tive management [27].

To follow up on this finding, over 600 patients with 10-100 mL superficial lobar hemorrhages
and no intraventricular hemorrhage (IVH) were randomized to evacuation within 12 hours
plus medical treatment compared to medical management alone with the option for subse-
quent surgical intervention for neurological deterioration in the STICH II trial in 2013 [28].
This trial demonstrated similarly statistically insignificant findings. Mortality at 6 months
was 18% in the early surgery group compared to 24% in the medical management group, with
an absolute difference of 5.6%. Though the surgery group demonstrated no vegetative sur-
vivors through 6 months and the distribution of Extended Glasgow Outcome Scale (GOS-E)
scores was more favorable in the surgery group, neither of these findings was statistically
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significant. However, subgroup analysis of patients with poor prognosis before treatment
defined as GCS 9-12 demonstrated more favorable outcome with surgery (odds ratio of poor
outcome: 0.49, 95% confidence interval 0.26-0.92, p = 0.02). Based upon the results of the
STICH I trial, the investigators concluded that patients with higher GCS of 13-15 do not
demonstrate survival advantage with early surgery if given the option of delayed surgery if
deterioration occurs.

The CLEAR IVH trial and MISTIE trial are ongoing investigations that use minimally inva-
sive technique with assistance of low-dose tPA [29]. Preliminary results from the MISTIE II
trial demonstrated minimally invasive aspiration with low-dose tPA reduced clots to 50%
of the stabilized volume within the first week, compared to a 6% reduction with medical
management alone. Though statistically significant increases in symptomatic bleeding were
not seen with the use of tPA (2.4% in the minimally invasive plus tPA group versus 9.3% in
the medical management group), the authors did caution that the use of minimally invasive
techniques with tPA did increase asymptomatic hemorrhages (22.2% versus 7.1%, p = 0.051).
These results demonstrate the safety and efficacy of these interventions compared with con-
servative management alone [30]. Furthermore, hematoma evacuation has been shown to sig-
nificantly reduce perihematomal edema, even when combined with tPA delivered to the clot
[31]. The MISTIE Intraoperative Stereotactic Computed Tomography-Guided Endoscopic
Surgery (MISTIE ICES) trial [32] was recently completed and demonstrated 42.9% of surgi-
cal patients had functional neurological outcomes defined as a modified Rankin scale score
(mRS) of 0-3, compared to 23.7% in the medical management group at 180 and 365 days (p
= 0.19). These results demonstrate the safety and efficacy of CT-guided endoscopic surgery
to remove acute ICH. Examples of endoscopic hemorrhage evacuation can be found below
(Figures 1-3).

Figure 1. (A and B): Axial and coronal MRI demonstrating right-sided preoperative intracerebral hemorrhage involving
the right ventricle.
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Figure 2. (A and B): Intraoperative endoscopic clot evacuation using minimally invasive technique.

Figure 3. Follow-up axial CT scan after endoscopic hemorrhagic evacuation demonstrating resolution of clot.
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4. Endoscopic hemorrhage evacuation example

Taken together, the results of these trials demonstrate the difficulties in producing guidelines
for the surgical management of ICH (Figures 1-3). Though surgical intervention demonstrates
better outcomes in early trials, these findings do not reach statistical significance. Like many
neurosurgical studies, many of these trials suffer from significant patient crossover and highly
variable patient characteristics. It has been argued that the subjectively better outcomes in early
trials are of clinical relevance, especially when patients are projected to have poor outcomes as
a result of the location or volume of their bleed. More recent trials have demonstrated the safety
and efficacy of endoscopic measures combined with low-dose tPA in dissolving clots, reducing
edema, and improving outcomes to a statistically significant degree. Endoscopic approaches to
ICH will likely become more widely utilized as more data from clinical trials becomes available.

5. Postoperative management

Postoperative management of ICH includes ensuring appropriate blood pressure control, fre-
quent neurologic examinations, deep vein thrombosis prophylaxis, and gastric ulcer prophy-
laxis. Subsequent physical therapy and rehabilitation especially in the first month after ICH
has been shown to be more effective in increasing independence with activities of daily life
and motor function when compared to controls [33].

Despite limited evidence of long-term postoperative management of ICH, studies suggest
that ICH patients would benefit from a systolic blood pressure of <130 mmHg. Patients, nota-
bly, with established small vessel disease see a 60% risk reduction in recurrent ICH with these
blood pressure guidelines [9]. Furthermore, studies have shown that in patients with poor
clinical grade or coexisting cardiopulmonary complications, early hemodynamic stabilization
is associated with lower rates of delayed cerebral ischemia, lower 90-day mRS, and lower
length of intensive care unit stay [34].

Deep vein thrombosis (DVT) prophylaxis after ICH is a current area of uncertainty. Various stud-
ies, including the CLOTSS3 trial, show reduction in asymptomatic DVT with the use of intermit-
tent pneumatic compression devices in ICH patients. Similarly, low molecular weight heparin or
unfractionated heparin can be used for DVT prophylaxis in patients with stable hematomas or 24
hours after craniotomy [35]. There is little current evidence to suggest positive or negative out-
comes of mortality with gastric ulcer prophylaxis for ICH patients. A randomized controlled trial
comparing ranitidine, sucralfate, and placebo for gastric hemorrhage prophylaxis in ICH patients
showed no significant difference in mortality or pneumonia. However, given the increased preva-
lence of gastric ulcers in these patients, prophylaxis should be initiated based on current data [36].

6. Conclusion

Intracerebral hemorrhage remains a serious complication associated with head trauma and a
consequence of hemorrhagic stroke. Appropriate diagnosis and management of intracerebral
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pressures and ventilation preoperatively remains an important opportunity to improve patient
outcomes. While surgical intervention for large infratentorial ICH is clearly beneficial, the role
of supratentorial ICH remains controversial given the diversity of ICH locations, depth of
bleed, and technique used to evacuate the hemorrhagic clot. Superficial cortical ICH can have
improved outcomes with surgical evacuation compared to medical management alone, and
image-guided endoscopic evacuation of clot also shows promise. ICH patients can have a host
of complications in the postoperative window and require close follow-up to prevent subse-
quent surgical and medical complications. Further prospective trials elucidating whether sur-
gical intervention compared to medical management alone is optimal given an ICH location,
presentation, or volume of hemorrhage will continue to guide the management of this diverse
population.
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Abstract

Hemorrhagic stroke accounts for 15% of all strokes but results in nearly a third of the mor-
tality. Neuroimaging forms the mainstay in diagnosis, which has resulted in improved
treatment outcomes. The mandate of neuroimaging includes management, risk assess-
ment, prognostication, and research. This involves rapid identification not only to direct
treatment but also to discover the underlying etiology such as vascular malformations or
tumors, monitor the evolving course of the hemorrhage and rapidly identify complications.
While computed tomography (CT) remains the imaging of choice to rapidly detect acute
hemorrhage, growing evidence shows that magnetic resonance imaging (MRI) is com-
parable to CT for detecting blood in the immediate setting and superior in this regard
at subacute and chronic time points. Several advances have been made in the image
sequencing protocols to detect bleeds at varying time points and to distinguish possible
etiology. Initial and serial imaging is used to identify patients who may benefit from
intervention. Advances in this field such as diffusion tensor imaging and functional MRI
are being studied for their impact in understanding the extent of injury and possible
recovery mechanisms, possibly allowing prognostication for patients.

Keywords: intracerebral hemorrhage, hemorrhagic strokes, neuroimaging, computed
tomography, magnetic resonance imaging, vascular malformations

1. Introduction

Hemorrhagic stroke is responsible for 15% of all strokes occurring annually in the United States
and has a high mortality rate of 29% [1]. About two-thirds of these strokes are intracerebral
hemorrhage (ICH) and one-third are subarachnoid hemorrhage (SAH) for which neuroimag-
ing forms the mainstay in diagnosis; as history, clinical symptoms and signs are often nonspe-
cific but have resulted in improved treatment outcomes.
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2. Definitions

Intracranial hemorrhage is the accumulation of blood within the skull, the parenchyma
and/or the meningeal spaces and/or other associated potential spaces (epidural and sub-
dural). The term intracerebral hemorrhage refers to bleeding in the brain parenchyma
(white or gray matter). The term subarachnoid hemorrhage is used for blood collection
in the subarachnoid space (i.e., in the space between the pia and arachnoid meningeal
layers). ICH is classified conventionally as primary or secondary, based on its causes,
with primary ICH (80-85% of ICH) related to hypertension and amyloid angiopathy and
secondary ICH having varied etiologies such as drugs, malformations, tumors, vasculitis,
etc. [2]. This has given way to different systems of classification such as SMASH-U and
lobar vs. deep.

Our chapter aims to:

e Explain the various modalities which can be used in the detection of ICH with a brief de-
scription of their mechanism.

e Provide advantages and disadvantages of each method.
e Provide image descriptions of common findings in ICH with sample images.

¢ Explain the modalities used in Detecting the etiology of ICH and complications with image
findings.

¢ List some common sequences in practice today.
e Explain the expanded role of imaging from management to prognostication.
The goals of neuroimaging include:

The main goal of neuroimaging in a patient with suspected cerebral hemorrhage is to find a
modality with perfect sensitivity and specificity. Rapid and accurate identification of hemor-
rhage is critical in planning therapy.

® Detecting intracerebral hemorrhage (ICH).

® Detecting etiology.

® Detecting tissue at risk.

¢ Detecting complications such as vasospasm, mass effect, and herniation.
¢ Detecting hemorrhagic complications in ischemic infarcts.

e Assessing risk factors for hemorrhage.

® Detecting resolution —monitoring and management.

e Prognostication of recovery.

* Assisting in research endeavors to advance both knowledge and treatment in ICH patients.
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3. Early detection

3.1. Need

ICH is a medical Emergency, with rapid diagnosis and management being vital due to early
and rapid hematoma expansion and clinical deterioration. This increases the mortality to as
high as 75% in patients with pre-hospital neurological decline and results in worsened long
term outcomes [3]. Since clinical features such as severe headache, high blood pressure, vom-
iting, loss of consciousness, and rapid progression cannot always be relied upon as being
specific for hemorrhagic stroke, neuroimaging is mandatory.

3.2. Protocol

Rapid neuroimaging with noncontrast computed tomography (NCCT) or magnetic resonance
imaging (MRI) is recommended to distinguish ischemic stroke from ICH [3]. Noncontrast CT
(NCCT), perfusion CT, and CT angiography (CTA) are usually used in the hyperacute stroke
setting. The imaging appearance of the ICH is closely linked to the physiological processes at
play during and after the bleeding event.

4. ICH appearance on CT

4.1. NCCT

Bleeding into the cerebral parenchyma results in a hematoma consisting of proteins, serum,
platelets, white blood cells, and red blood cells (with hemoglobin), and the concentration of
the latter (relative to plasma) is responsible for the degree of attenuation of the X-ray beam.
The varied components of the hematoma give it a heterogeneous appearance. The attenuation
of blood with a normal hematocrit (45%) is much higher (56 Hounsfield units—HU) than gray
matter (37-41 HU) and white matter (30-24 HU) resulting in the ‘brighter” or ‘whiter’ region
in patients with a normal hematocrit [4] (Table 1, Figure 1).

At the immediate onset of the bleed, (hyperacute phase) the blood has a similar attenuation
as that of the cortex and is hard to distinguish. However, within minutes after a clot forms
(platelet clumps, and proteins are consumed), the degree of attenuation increases and contin-
ues to increase over the hours as the clot retracts and extrudes serum, seen markedly in the
center of the hematoma.

Within hours, the hematoma is surrounded by vasogenic edema which may last up to 2 weeks.
Vasogenic edema is the extravasation of fluid and proteins into the extracellular spaces, due
to the loss of integrity of the blood brain barrier and hence has a hypoattenuated or “darker”
appearance on CT scan images, surrounding the hematoma.

In alarge bleed, a fluid level may be visualized on imaging within hours of onset as the cellular
debris collects in the more gravity-dependent portion, giving that area a higher attenuation.
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Time Process CT

Immediately on  Bleeding into parenchyma Hyperattenuated (brighter) lesion

extravasation Heterogeneous due to varied cellular components

Minutes Clot formation, serum extruded Increasing intensity, marked in the center of hematoma

Hours-2 weeks ~ Vasogenic edema surrounds Hypoattenuated or “darker” appearance on CT scan images,
bleed surrounding the hematoma

Hours Cellular debris settles in the Fluid level (with hyperattenuated dependent portion)
gravity dependent part

Days-weeks Clot breakdown by scavengers Decrease in attenuation beginning at periphery toward the
(macrophages) center

2-3 weeks Resolution of clot Same intensity as white matter

Weeks-months  Cavity: collapsed or filled with Small slit like cavity which may or may not be visualized

cerebrospinal fluid

Months Encephalomalacia Hypointense (darker) area at lesion site

Table 1. CT imaging of intracerebral hemorrhage.

A: Hyper dense sub arachnoid bleed in basal cisterns.

Intraventricular hemorrhage (IVH) is usually associated with or secondary to intra parenchymal bleeds. Isolated
intra ventricular bleed are rare. Yellow arrowheads point to IVH and red arrowhead to ICH.

Figure 1. Immediate detection of hemorrhage using NCCT: the first image has yellow arrowheads pointing to hyper-
dense areas representing sub-arachnoid bleeding in the basal cisterns. The second image has yellow arrowheads pointing
to peri lesional edema around deep ICH (A) and lobar ICH (B). The third image shows Intraventricular hemorrhage
(IVH) (yellow arrowhead) which is usually associated with or secondary to intra parenchymal bleeds (red arrowhead).
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The breakdown of the clot by natural scavengers such as macrophages continues over several
days and results in a decrease in attenuation beginning at the periphery and working its way
toward the center, gradually over a period of 4-9 days having the same attenuation as corti-
cal gray matter and eventually after 2-3 weeks, having a similar attenuation as white matter.

This explains the difficulty in using CT scan to detect subacute hemorrhages due to similar
appearance (iso-attenuation) with the parenchyma, and it is often scarce or difficult to distin-
guish mass effect and edema, which is fortunately obviated by the use of MRI.

The hematoma is eventually resolved into a small or slit like fluid filled cavity which may or
may not be appreciated on CT scan. Eventually the only evidence of the hemorrhage may be
encephalomalacia (hypointense or ‘darker” appearance) at the location.

The use of contrast material with CT scan, usually performed nonemergently for reasons
other than initial detection does not usually show enhancement although it may develop
after weeks or months at the periphery of the resolving hematoma, which may make it hard
to distinguish it from tumors or abscesses [5].

4.2. CT angiography (CTA)

Contrast extravasation within the hematoma is used to identify patients at risk for hema-
toma expansion, which is commonly referred to as the “Spot Sign,” which is used as a
predictor of poor neurological outcomes. This can be used to institute prothrombotic
therapies such as Factor VII and increased surveillance to avoid poor outcomes. CTA per-
formed within 96 hours of the event has >95% sensitivity and specificity in identifying vas-
cular malformations. However, this must be balanced with the severe contrast associated
complications such as allergy and nephropathy as well as possible effects on the blood
brain barrier.

4.3. Quantification

NCCT is used to quantify hematoma volume and monitor its evolution. ICH volume is
calculated using the ABC/2 method. A = greatest hemorrhage diameter, B = diameter at 90°
to A, and C = approximate number of CT slices with hemorrhage multiplied by slice thick-
ness. This method however has been shown to have a large margin of error especially for
irregularly shaped bleeds (by an excess of 7.33 cm® when compared to manual planimetric
method [6].

5. ICH appearance on MRI

The MRI appearance of ICH is based on the evolution of the hematoma over time (as explained
above for CT) and the corresponding signal characteristics. The MR signal characteristics in
turn are dependent mainly on the chemical state of the iron molecules in hemoglobin as well
as the state of the red blood cell membrane (Table 2, Figure 2).
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MRI shows a focal left parietal para sagittal bleed with low signal intensity (yellow arrowhead) on T2*GRE (image
C), T1 and T2 (A & B)show bright hyper-intensity (red arrowhead) due to Meth Hb, a blood degradation product
indicating subacute stage

Subacute hematoma with restricted diffusion

FLAIR

Diffusion

Figure 2. MR appearance of ICH: (Top) MRI shows a focal left parietal para sagittal bleed with low signal intensity (yellow
arrowhead) on T2*GRE (image C), T1 and T2 (A & B) show a bright hyper-intensity (red arrowhead) due to Meth Hb, a blood
degradation product indicating a sub-acute bleed. (Bottom) MRI showing sub-acute hematoma with restricted diffusion.

Iron within an intact red cell membrane causes shortened T2 relaxation times known as
Susceptibility effect (which is lost when the membrane degrades and the hemoglobin/iron
is no longer sequestered in the cell). Paramagnetic iron has a greater shortening effect on T1
relaxation times. Diamagnetic iron is an iron molecule with no unpaired electron in its outer
orbit and has no exaggerated T1 or susceptibility effects.

5.1. Hyperacute

At the immediate hyperacute phase, (upon bleeding into the parenchyma) iron is still satu-
rated with oxygen (diamagnetic) and cell membranes are intact. Hence, the hematoma pro-
duces slight hypointensity (‘darker’) or iso-intensity (‘same’) on T1 weighted images and
iso- or slightly hyperintense (‘brighter’) on T2 weighted images. This makes it hard to distin-
guish a hematoma at the extreme initial stages; however, as hemoglobin gets deoxygenated
rapidly toward the periphery of the lesion, it produces a T2 hypointensity at the periphery
(a dark rim), which helps detection in the hyperacute phase.

47



48 Hemorrhagic Stroke - An Update

5.2. Acute

Within hours of the bleeding event, hemoglobin is deoxygenated within intact cell mem-
branes, from the periphery to the center of the lesion which is paramagnetic. This causes a
Susceptibility effect, which is hypointensity (‘darker’) on T2. However, this structure of hemo-
globin does not allow any effect on T1 images, which show a hard to distinguish iso-("same”)
or slight hypo (‘darker’) lesion. At times, there is a peripheral rim of T1 hyperintensity due to
early oxidation of hemoglobin into met-hemoglobin.

5.3. Subacute

This phase begins after several days with the onset hemoglobin degradation. Due to the lack
of energy in the cells, the iron is oxidized into the ferric state, which produces met-hemo-
globin. This structure of iron atoms causes a decrease in the T1 relaxation times which is
captured as a marked hyperintensity (‘brighter’) on T1 weighted images. Since the red cell
membranes are intact, Susceptibility effect is in play causing a hypo (‘darker’) appearance on
T2 weighted images.

Later on in the subacute phase (over days to weeks), the red cell membranes are degraded;
hence the susceptibility effect is lost. This results in a T2 lengthening, which is seen as a hyper-
intensity (‘brighter’) on T2 weighted images.

5.4. Chronic

Over the course of weeks to months, the resolution process results in protein (met-hemo-
globin) breakdown, which reduces the signal hyperintensity on both T1 and T2 weighted
images. The iron atoms released in this process are picked up by macrophages and converted
to ferritin for reuse elsewhere. However, the scavenging capacity of the macrophages is often
overwhelmed especially in larger hematomas, which results in locally deposited hemosid-
erin molecules usually at the periphery. The structure of iron in hemosiderin exerts only a
Susceptibility effect which is a hypointense (‘darker’) rim on T2 weighted images. The center
of the hematoma may resolve into a cavity, usually filled with cerebrospinal fluid with the
corresponding signal characteristics (‘darker” on T1 weighted imaging and ‘brighter’ on T2
weighted imaging) or may collapse and be visualized as a narrow slit.

While the pathological processes usually follow a sequence with corresponding sequential
imaging changes, these processes are also highly variable and dependent on a large num-
ber of factors such as size, presence of rebleed, oxygen tension, other concurrent conditions
etc. Hence several stages of the hematoma may appear simultaneously on imaging which
increases the complexity of determining the time of bleed.

MR is also a tool in neuroimaging to distinguish between a primary bleed and a hemorrhagic
transformation, since area of the bleed is usually lesser than area of the infarct, and MR provides
imaging of both. The shape (rounder) and larger edema around the bleed is another pointer
toward primary ICH. Hematomas do not follow vascular territories but infarcts do and the
occlusion is often visible on MR angiography.
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MR is also one of the best diagnostic tools for secondary causes of hemorrhage, such as vas-
cular anomalies, tumors, and cerebral venous thrombosis (comparable to conventional angi-
ography) and is the choice of modality for cavernomas. It has a high diagnostic yield for
etiologies especially in young nonhypertensive patients with lobar bleeds.

5.5. MRI-sequences in ICH

MR protocols in stroke include T1, T2, T2" or GRE, fluid attenuated inversion recovery
(FLAIR), contrast enhanced, diffusion weighted & perfusion weighted images, and MR angi-
ography. Since the radiological appearance of the hematoma depends on both the hematoma
and the MR signal characteristics, the latter can be varied to allow easier identification of
hemorrhage. This is crucial as MRI shows minor and hard to appreciate changes in the hyper-
acute and early-acute phases of ICH. By increasing the magnetic field, the susceptibility effect
is increased, allowing easier and more rapid diagnosis. Sequences available commonly in
clinical practice include fast spin echo (FSE), which due to a weaker magnetic field has less
sensitivity to susceptibility effects (responsible for much of the lesion imaging) and is hence
suboptimal initially in ICH detection. Using sequences such as gradient recalled echo (GRE)
and echo planar imaging (EPI) increases the sensitivity to susceptibility effect.

5.6. GRE

Gradient recalled echo sequences (or T2* weighted sequence) increases the hematoma detec-
tion in both acute and chronic stages. The strong Susceptibility effect results in extremely
hypointense areas of hemorrhage on imaging (Figure 3).

T2* GRE MRI sequence has high sensitivity in detecting cerebral microbleeds, which appear as small punctate (dot-
like) hypo-intense lesions widespread in bilateral cerebral cortical white matter , basal ganglia , thalami,
cerebellum as well as brain stem and are histologically characterized by hemosiderin deposits with tissue damage.

Figure 3. Gradient recalled echo. T2* GRE MRI sequence has high sensitivity in detecting cerebral microbleeds, which
appear as small punctate (dot-like) hypointense lesions widespread in bilateral cerebral cortical white matter, basal
ganglia, thalami, cerebellum, as well as brain stem and are histologically characterized by hemosiderin deposits with
tissue damage.
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An advantage of GRE is that it can exclusively identify hemosiderin deposits from old and
asymptomatic hemorrhages often referred to as microbleeds. A large number of microbleeds
point to an etiology such as amyloid angiopathy or recurrent hypertensive vasculopathy.
Since 80% of the hemosiderin deposits persist through a lifetime, it provides a snapshot of
the hemorrhages across the patient's life span. These microbleeds are used as predictors
of future ICH and a marker for small vessel disease especially in the basal ganglia region.
The disadvantage in this sequence is occasionally the lesion size, which is inaccurate due
to artifacts causing signal loss at the boundary of the lesions. Sinuses present in the skull
enhance this signal loss and may not allow accurate identification of hemorrhagic lesions
behind them [5].

6. Catheter angiogram in ICH

Certain clinical and radiological findings necessitate a conventional catheter angiogram, such
as atypical configuration or location, excessive edema, evidence of masses or no obvious cause
of bleeding; all of which necessitate pinpointing a secondary cause. The diagnostic yield of
a conventional angiogram is high especially in younger patients with no hypertension. Often
times, the vascular anomaly reveals itself over the course of time (upon resolution) and hence
a follow up angiogram is recommended even after a prior workup reveals no abnormality.
However, significant disadvantages of conventional angiography that include extremely high
(5% more than CTA) radiation, cost, invasiveness, patient cooperation, and clinical stability
as well as transient and permanent neurological deficits preclude its widespread use, giving
preference to CT and MR angiography but remain the gold standard for aneurysms and
arteriovenous malformations.

7. Detecting the etiology of ICH

An important step in the management of patients with ICH is determining the etiology and
taking measures to correct and prevent further and future episodes of ICH. While medical
history and demographics may help pinpoint a cause for the ICH, neuroimaging has a large
role to play in this sphere.

Neuroimaging can provide a clue to etiology of the ICH based on the location and imaging
characteristics of the hemorrhage.

Each location or area of the brain is associated with a list of common differentials as to
possible etiologies. Lobar hemorrhage (bleeding mainly into the cortex through the sub-
cortical junction) is mainly superficial and as the name states, deep ICH refers to bleeding
mainly in the deeper structures such as thalamus, putamen, and head of the caudate. Lobar
hemorrhages are usually not related to hypertension but are caused by cerebral amyloid
angiopathy (including in patients with hypertension) and are present in the white matter of
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the cerebrum and rarely in the cerebellum. Most deep or non-lobar ICHs are usually due to
hypertension which is usually diagnosed based on the hemorrhage location. Hypertensive
ruptures usually affect the smaller vessels such as lenticulostriate arteries, and perforating
branches of the basilar artery, resulting in the characteristic sites of ICH. This lobar vs. deep
structure based diagnosis does not hold true in patients less than 45 years of age where sec-
ondary causes such as vascular malformation, underlying tumor, vasoconstriction by sym-
pathetic drugs are the usual culprits [7].

Hemorrhage in the brainstem (usually the pons) is usually associated with hypertension, vas-
cular malformations (arteriovenous and cavernous).

Cerebellar hemorrhage is associated with hypertension, arteriovenous malforma-
tions, and the use of anticoagulants such as warfarin, with amyloid angiopathy being
extremely rare.

Intraventricular hemorrhage (primarily intraventricular without involvement of the brain
parenchyma) is associated with hypertension, aneurysm of the anterior communicating
artery, vascular malformations, coagulopathy, and intraventricular tumors.

Hemorrhage at multiple sites is usually indicative of coagulation disorders, vasculitis, hyper-
tension, tumors, and infarction.

Rupture of a saccular aneurysm may involve the parenchyma as well as the subarachnoid
space, due to the pressure of the blood as it ruptures and its location (medial frontal lobe
due to anterior cerebral or communicating artery aneurysm). Presence of ICH near the sub-
arachnoid space near the base of the skull should prompt vascular imaging studies to rule out
saccular aneurysms.

Common causes of ICH have distinctive imaging characteristics that point toward their
diagnosis. The presence of multiple lobar microhemorrhages of differing ages, typically
sparing the basal ganglia is a strong and specific indicator of cerebral amyloid angiopathy
in the elderly which has been used in the clinical diagnostic criteria. The ICH in amy-
loid angiopathy often ruptures into the subarachnoid space but less commonly into the
ventricles.

Arteriovenous malformations can often be suspected on conventional MRI and CT (T2 and
MR and CT angiography) sequences by detecting dilated vessels to and from the malforma-
tion and at times patchy enhancement but are often times undetectable or silent. The presence
of “popcorn” appearance of lesions on T2 weighted images suggests the presence of multiple
small bleeds occurring at different time points in the same lesion such as a cavernous malfor-
mation. Presence of multiple micro- or larger bleeds on GRE sequence is also suggestive of
a vascular anomaly as an etiology. The diagnosis of these malformations generally requires
conventional angiography for confirmation.

Hemorrhagic transformation of an infarct is suggested by the surrounding cytotoxic edema
which follows the arterial boundaries unless the hemorrhage is severe and early enough to
blur the infarct visualization (Figure 4).
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Hemorrhagic transformation of an ischemic infarct evident on MRI. A: T2 GRE showing areas of hypo-intensity
(yellow arrowhead) corresponding to hemorrhage. B: FLAIR sequence showing the edema associated with bleed
(red arrowhead).
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Figure 4. Hemorrhagic transformation. Hemorrhagic transformation of an ischemic infarct evident on MRI. A: T2 GRE
showing areas of hypointensity (yellow arrowheads) corresponding to hemorrhage. B: FLAIR sequence showing the
edema associated with bleed (red arrowhead).

Several neoplasms in the brain have a known propensity to bleed such as glioblastoma
multiforme, and metastases of melanoma, lung cancer, renal cell cancer, etc. The imaging
characteristics are variable due to the presence of often multiple hemorrhages at different
time points and concurrent necrosis and cysts. Due to the low oxygen partial pressure in
the tumor, MR signal changes are usually delayed. The location may be atypical for other
common causes. The vasogenic edema present around a tumor is usually extensive and lasts
longer as compared to primary ICH. Giving contrast almost always shows robust enhance-
ment. A large hemorrhage may obscure the underlying lesion which may be visible on repeat
imaging after its resolution [5].

8. Detecting complications of ICH

Complications of ICH include hematoma expansion, perilesional edema with increased intra-
cranial pressure, and intraventricular extension of hemorrhage with hydrocephalus, seizures,
venous thrombosis, hyperglycemia, autonomic fluctuations, and infections. Close monitoring
is required for the prevention of these complications, and/or early detection and manage-
ment, to reduce negative outcomes, the most emergent being mass effect resulting in hernia-
tion (Figure 5).
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Left sided frontal lobe bleed showing perilesional edema (yellow arrowhead), mass effect (green arrowhead) and
midline shift (green head)

ogenic odema which is ¢

Figure 5. Detecting complications. Left sided frontal lobe bleed showing perilesional edema (yellow arrowheads), mass
effect (green arrowheads) and midline shift (green arrowheads).

Since vasospasm in SAH (and uncommonly in ICH with intraventricular extension) is a
known risk factor from day 3 to day 12, transcranial Doppler is used prophylactically for its
screening, with variable results as compared to conventional angiography [8]. CTA is also
used for this purpose, with high sensitivity and specificity for severe spasms and in proximal
vessels but reduced accuracy for distal vessels and mild spasms [9]. Irrespective of vasospasm,
neuroimaging for ischemia can be performed using CT or MR perfusion studies or diffusion
weighted MRI. CT perfusion studies show great prediction of vasospasm as compared to
conventional angiogram [10] and studies exploring blood brain barrier permeability to guide
future treatments using CTP are underway [11].

Size of the ventricles measured on CT and MR is variable and is not accurate to diagnose
hydrocephalus, although serial changes in size on the same patient is more relevant toward
detection. Periventricular edema seen with transependymal flow is a marker of hydrocepha-
lus, better seen on MR than CT [12].

9. Sequences in practice

9.1. Prognostication

The initial volume of the hematoma assessed by various methods on neuroimaging, com-
monly the ABC/2 method, the presence of intraventricular blood, as well as the expansion of
the hematoma indicated by the ‘spot sign” are independent markers for clinical outcomes and
mortality [2, 13, 14] (Table 3, Figure 6).
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Advantage

Disadvantages

CT scan
Availability

Contraindication

Side effects

Imaging: detection of blood

Imaging: location

Imaging characteristics

Immediate detection of
hemorrhage

Detecting perfusion deficits

Detecting hemorrhagic
conversion of infarcts

Detecting chronic micro-bleeds

Detecting etiology

MRI
Availability

Contraindication

Side effects

Imaging: detection of blood

Faster, cheaper, widely available.

Can be performed in patients with
contraindications to MRIL.

Due to the differential attenuation

of blood (proportional to the protein
concentration in blood) vs. gray

and white matter, blood in the
parenchyma is detected immediately.

Gold standard noncontrast CT.

CT angiography and CT perfusion
imaging can be used to detect
ischemia, and vasospasm.

Bleeding detected immediately.

CTA performed less than 96 h
from onset are highly sensitive
and specific for vascular
malformations.

No radiation.

MRI is sensitive to flow
abnormalities in vessels and
is ideal for detecting vascular
malformations.

Contrast allergy and impaired renal
function (for contrast administration).

High dose of radiation, contrast associated
side effects: allergy, nephropathy and
variable effects on blood brain barrier
permeability and cytotoxic edema.

Since imaging is based on protein
concentration; detection difficult anemic
patients (hemoglobin <10 g/dl). Patients
with higher hematocrit such as infants will
show abnormal density in vessels.

Bleeds in brainstem can be obscured by
artifact.

Flattened and thin blood collections (such as
subarachnoid) are hard to visualize.

Differential diagnosis of hemorrhagic tumor
vs. infarct is difficult.

Ring enhancement of the blood seen 1-6
weeks after the bleed is hard to differentiate
from other ring enhancing lesions.

Age estimation of hematoma is not as
accurate.

Not ideal.

Not as fast/cheap or widely available.

Several; including pacemakers, metallic
implants and claustrophobia.

Nephrogenic systemic fibrosis associated
with gadolinium.

Immediate bleeding is isointense but due
to rapid deoxygenation of hemoglobin at
periphery, shows hypointense periphery
ion T2 and GRE.
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Advantage Disadvantages
Imaging: location Accurate at detecting exact location

of hemorrhage.
Imaging characteristics Age estimation of hematoma is

possible due to the differential
magnetic properties of the different
oxidation states of iron.

Immediate detection of MRI is sensitive if not more than CT Gold standard remains noncontrast CT.
hemorrhage in detecting acute ICH as per the

HEME (Hemorrhage and Early MRI

Evaluation) Study.

Detecting perfusion deficits DWI/PWI mismatch.
Detecting hemorrhagic Ideal for distinguishing primary
conversion of infarcts ICH vs. hemorrhagic conversion

and shows the details of ischemic
area.

Detecting chronic micro-bleeds =~ More accurate than CT (GRE
sequence). Lifetime history of
hemorrhages is possible.

Detecting etiology Most sensitive and specific for
detecting secondary causes such
as vascular anomalies, venous
thrombosis.

‘GRE = gradient recalled echo, CTA = computed tomography angiography, DWI = diffusion weighted imaging,
PWI = perfusion weighted imaging.

Table 3. Advantages and disadvantages of CT and MRI in ICH imaging.

The risk of hemorrhage after ischemic lesions, notably after TPA administration, can be pre-
dicted by increased diffusion weighted imaging (DWI) lesion volumes, lower apparent dif-
fusion coefficients, as well as decreased cerebral blood volume estimated using perfusion
weighted imaging, the combination of the latter with DWI allowing one to identify infarcts
with the colloquially termed ‘malignant profile’ for post thrombolytics bleeds. However, due
to the time constraint of TPA administration which may not permit the above tools, CT perfu-
sion imaging is being studied to predict similar hemorrhagic risk post thrombolysis based on
the blood brain barrier permeability [15].

Using neuroimaging to correlate risk factors and measurable tissue states could allow
greater precision in risk assessment. This could be utilized to predict the occurrence of ICH
in patients of cerebral amyloid angiopathy (CAA) using PET and diffusion tensor imaging
(DTI) [15].

While CT and MR provide the structural evidence of changes post ICH, aspects of brain func-
tion such as metabolism and absorption available through functional brain imaging may pro-
vide more granular details necessary to study the extent of injury and repair/recovery and
may provide a new avenue to detect tissue at risk of hemorrhage.
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Figure 6. Sequencing protocol. Adapted with permission from Neuroradiologycases.com by Dr. Anvekar B. (Neuroradiology
unit, S P Institute of Neurosciences, Solapur, India).

DTI can be used to detect disturbances to the integrity and fiber counts of white matter tract,
often damaged in ICH. Reduced fractional anisotropy or fiber counts may suggest worsened
outcomes [15]. DTI can be used to predict motor recovery, as patients with preserved tracts
on DTT at the time of lesion have shown greater recovery than their counterparts with com-
promised tracts [16] with similar studies being carried out using fractional anisotropy. A
significant finding being that fractional anisotropy ratio did not correlate to size of the bleed
but did correlate with recovery [17], which could serve as an important tool for the predic-
tion of recovery post ICH. The predictive value of these studies has shown to be higher when
carried out subacutely (2 weeks) rather than acutely (3 days) after the bleed which may be
accounted for by the resolution of acute injury and inflammation and onset of repair and
compensation [18].
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Functional MRI (fMRI) is being evaluated as a means to evaluate the extent of injury and func-
tional deficit post ICH based on functional connectivity rather than just a structural basis, with
fMRI possibly evaluating the activity between physical and functional connections. Studies
have pointed to the subcortical origin of redistribution of functional connection when corti-
cal motor tracts are damaged [19]. This expands the possibilities to create a precise model to
predict recovery post ICH.

10. Newer imaging techniques

Several newer imaging technologies such as CT and MR perfusion, positron emission tomog-
raphy (PET), single photon emission computed tomography (SPECT) are used to study tis-
sue injury such as perfusion deficits around the hematoma. Studies using PET have shown
that this hypoperfusion does not result in hypoxia and ischemia, thus is not frankly ischemic
in origin but likely to be due to secondary metabolic failure [20]. Diffusion tensor imaging
(DTI), used to visualize white matter tracts is being used and studied for prognostication on
motor recovery by assessing the integrity of major motor pathways such as the corticospinal
tract [16, 21]. Newer technological advances in CT include dynamic angiography (4-dimen-
sional CT angiography) which allows a detailed and comprehensive visualization of the intra
and extra cranial vasculature and perfusion using a 320-row setup [22]. Magnetic induction
tomography is being studied to measure tissue conductivity noninvasively, allowing identi-
fication of pathological changes and identification of extremely minute blood volumes [23].
Further exploration is underway to expand the mandate of neuroimaging, allowing image
guided therapy at specific time points, using imaging biomarkers to assess edema, inflamma-
tion, and excitotoxicity.

11. Conclusion

Neuroimaging is a constantly evolving field to optimize the management, and prognostica-
tion after intracerebral hemorrhage and to advance research efforts. There are several choices
available for neuroimaging in patients of ICH and familiarizing oneself with the techniques,
indications, and disadvantages of each method allows the development of a rational imaging
plan. Several advances have been made in the image sequencing protocols to optimize detect-
ing, diagnosing, and selecting candidates for intervention and other therapies. Advances in
this field such as diffusion tensor imaging and functional MRI are being studied for their
impact in understanding the extent of injury and possible recovery mechanisms possibly
allowing precise prognostication for patients. The mandate of neuroimaging is ever expand-
ing with the ultimate goal of discovering tools that remain sensitive, specific, safe, rapid, and
widely available, which allows optimized prognosis, prevention, and management for the
best possible patient outcomes.
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Abstract

While the advancements in the management of the spontaneous intracerebral hemor-
rhage (SICH) have resulted an increase in survival, this has also resulted in the number
of survivors with significant functional morbidity that require long-term care and reha-
bilitation services. SICH can lead to various impairments, and the deficits related to SICH
may include impairment in motor and sensory functions, emotional labiality, language
dysfunctions, perception deficits and cognitive dysfunctions. In the present chapter, we
present an overview of the issues in rehabilitation which are faced by medical person-
nel’s while managing the patients with SICH.

Keywords: intracerebral hemorrhage, physical impairment, disability, rehabilitation

1. Introduction

Spontaneous intracerebral hemorrhage (SICH) is characterized by nontraumatic bleeding into
the brain parenchyma [1]. Further the term “primary spontaneous intracerebral hemorrhage”
denotes a spontaneous hemorrhage into the brain parenchyma without any secondary cause
(i.e., vascular abnormality, brain tumor, etc.) [2]. SICH accounts for approximately 10-20% of all
stroke cases, carries a 30-day mortality of up to 50%, and causes significant and persistent dis-
ability in survivors [3-7]. Advances in the management of the SICH have resulted an increase
in survival, particularly in cases of smaller lesions; however, larger SICH lesions remain a sig-
nificant cause of morbidity and mortality globally [8, 9]. Literature suggests that in comparison
with ischemic stroke, SICH causes more morbidity and mortality [10]. SICH can lead to vari-
ous impairments including motor and cognitive deficits, sensorimotor impairment, impaired
mobility, depression, swallowing dysfunctions, constipation and urinary incontinence [11]. The
rehabilitation in SICH patients is targeted to facilitate the recovery process, avoid complications
and optimize the functional outcomes acute as well as well as in post-acute recovery phase [11].
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2. Overall management

The management of SICH can be divided into medical management, surgical management
(when indicated) and rehabilitation both in acute as well as post-acute recovery phase [12].
The medical and surgical management intend to stabilize the general as well as the neurologi-
cal condition of the patient and to prevent the secondary brain injury (either due to mass effect
or presence of clotted blood in the brain parenchyma) [13-15]. In the acute phase, the major
medical complications that can occur includes pneumonia (because of dysphagia and aspira-
tion), aspiration, respiratory failure/distress, pulmonary embolism and sepsis [16, 17]. The
most important step in the initial management, is the control of hypertension, which is the
major risk factor that increases the risk of developing SICH by approximately four times [2].

3. Rehabilitation concepts

The deficits related to SICH are variable and may include impairment in motor and sensory
functions, emotional labiality, language dysfunctions, perception deficits, and cognitive dys-
functions [18]. A number of factors decide the functional outcome as well as the treatment
protocol for a given patient. While assessing a patient with SICH for rehabilitation, we need
to identify whether the stroke has affected the dominant or nondominant side, whether the
patient is having monoplegia, hemiplegia, or any other paralytic syndromes, are there any
cognitive or speech disturbances (i.e., aphasia, dysphasia, dysarthria or fluency disorder),
whether there is impairment of swallowing or if the patient is on tracheostomy. Additionally,
this detailed evaluation should detect the presence of any pressure ulcers, their numbers and
sites. Neuroplasticity is often regarded as a physiological basis for recovery after brain insults
[19]. There is a dearth of reliable efficient post-stroke rehabilitative therapy implying a signifi-
cant clinical need [20-22], and there is a significant “therapeutic window” that exists for the
SICH patients to recover functionally [23].

4. Rehabilitation and recovery

In the case of hemorrhagic stroke, it has been documented in the literature that gait, limb
motor and sensory function generally continue to recover until 3 months after onset; how-
ever, gait could improve up to 6 months from onset and it has been shown that upper limb
recovery could persist up to an year [24]. This prolonged recovery is a witness to the benefi-
cial outcome of rehabilitation during the subacute phase of recovery in stroke patients [25].
Neuronal plasticity is a subject of dedicated study today and is defined as the ability of the
brain to recover functionally due to neuronal reorganization after a cerebral insult. It can
usually occur actively following any cerebral insult, albeit for a limited time. It has been pos-
tulated that in acute phase and early stages of recovery following SICH delayed metabolic
changes, continued neuronal damage and apoptosis in perihematomal tissue can continue
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to cause more active inflammatory damage, which is mediated by cellular and noncellular
components, leading to more widespread consequences [26-30]. Thus, in comparison with
an equivalent-sized ischemic infarct, in patients with SICH, an intraparenchymal blood leads
to an increased inflammation and a greater cell death [26, 31]. There is growing evidence that
recovery in functions is better in patients with SICH than in patients with ischemic strokes
[6, 32-42]. The recovery process starts in the acute phase and can continue for months in the
recovery phase [38, 43, 44].

5. Right versus left hemisphere stroke

There is a conflicting evidence whether which hemisphere stroke corroborates with a better
outcome [45-47]. The controversy stems from various factors including the varied outcome
scales used, measurement domain, presence of hemineglect and the timing of evaluation; for
example, in considering vocational rehabilitation, patients with the right hemisphere stroke
appear to have a better outcome [48]. The left hemisphere controls speech and language func-
tion along with the right half of the body. Strokes in this half of the brain demonstrate a right
hemiplegia and aphasia [49]. Preservation of language function is considered one of the pri-
mary reasons for a higher percentage of right afflicted people returning to work; however,
this cohort of patients are usually the one who most frequently develop social shortcomings
in contrast to the left-sided stroke patients [50]. Further studies with exclusion of hemineglect
patients may help to exemplify the difference in the disabilities between left and right hemi-
sphere stroke patients [51].

6. Impaired motor function

Restoration of the motor function and mobility is one of the most important components
of stroke rehabilitation [52]. Although most stroke patients regain walking independence,
many have continuing problems with mobility due to impaired balance, motor weakness,
and decreased walking velocity [18]. Impaired motor functions can be due to paralysis or
paresis of the muscles (depending on the site of the lesion), which results from the damage
to the brain parenchyma (motor cortex or descending/ascending pathways in the internal
capsule and corona radiata), resulting in abnormal regulation of spinal motoneurons, alter-
ations in postural and stretch reflexes and loss of voluntary movements [18, 53-56]. If the
lesions involve the internal capsule, thalamus, periventricular white matter, and/or premo-
tor cortex, the recovery of the upper limb motor functions is poorer [25, 57]. Regarding the
functions in the lower limbs, in a study, it was shown that approximately 51% of subjects
were without walking function at the time of admission to the rehabilitation unit and 12%
of the subjects needed assistance during ambulation [58]. One of these patients was sub-
jected to rehabilitation protocol, and the number of subjects with no walking function was
reduced to 18% [58].
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7. Sensory dysfunctions

Stroke survivors may have sensory impairment that may be either central or peripheral. The
latter includes loss of primary sensory modalities such as hypoesthesia/paresthesia, propriocep-
tion and position sense loss or loss of pain and temperature sensations, or they may have more
complex sensory impairments such as agraphesthesia and astereognosis, which are impairments
of the central sensory mechanisms [49]. These contribute to requiring additional assistance for
these patients to relearn cognitive and motor skills. The processing of sensory modalities begins
with reception which is the registration of the pure sensations and stimuli received from the
various sensory organs such as eyes, ears, nose, tongue, skin, joints and the internal organs.
These received sensations are then rerouted to the corresponding primary sensory cortices. The
interpretation of these received stimuli is called perception. Perception is a higher cortical func-
tion of the brain involving various regions and is more complex than reception [49].

8. Cognitive dysfunction

Among all the factors portending a negative outcome, cognitive dysfunction has been
described as the most potent [59, 60]. It has been suggested in recent studies that cogni-
tive impairment and dementia may be reduced by satisfactory control of hypertension and
by using drugs such as acetylcholinesterase inhibitors commonly used in Alzheimer’s dis-
ease (donepezil, galantamine, rivastigmine) [61, 62]. A step forward in the pharmaceutical
approach to post-stroke cognitive impairment, mainly related to language function, fluency
and repetition, has been a randomized, placebo-controlled, double-blind study with levodopa
which reported positive results [63].

9. Sphincter dysfunction

Usually, transient up to 20% of patients report persistence of urinary incontinence at dis-
charge from rehabilitation [64, 65]. The commonest bladder dysfunction is the uninhibited
bladder usually resolving with timed voiding training. Anticholinergic drugs such as toltero-
dine or oxybutynin may be indicated to relax the bladder. Sphincter recovery parallels and
accompanies other functional recovery. Bladder unawareness in addition to lower limb weak-
ness and cognitive impairment is a poor prognostic factor. Significant cognitive impairment
may remain a lifelong disability [49]. Dual incontinence involving both bladder and bowel is
much common than an isolated incontinence [65].

10. Other impairments and disabilities sequel to stroke

Many stroke survivors require tracheostomy, some permanently. This does increase the risk
of pulmonary aspiration since laryngeal elevation during deglutition is impaired. Careful
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selection of the texture of food and scrupulous monitoring during swallowing are essential
to prevent aspiration in these patients [49]. Post-stroke depression is notable and has been
postulated to be the main reason for suicide in these patients [66]. Morbidity in many clinical
scenarios is considered a worse outcome than death, especially in neurological disorders in
which the patient may be “alive but dependent” [67].

11. Role of dedicated rehabilitation services

Exercise, in general, has been shown to impart several favorable effects in neural recovery [68,
69]. Rehabilitation of stroke patients is increasingly demanding as far as the resources are con-
sidered. In general, most rehabilitation units have inadequate resources making the selection
process an imperative component of the assessment [37]. Stroke care units that incorporate
rehabilitation services generally claim better clinical outcomes in comparison to other models
of stroke care units [70]. A decreased incidence of mortality, morbidity and dependency have
been reported in stroke patients who undergo therapeutic training in an inpatient unit than
those who receive general rehabilitation in a nondedicated unit [71]. Medically stable neuro-
logical patients need to be placed in the best possible unit for which several deliberations need
to be considered [11]. On termination of a course of inpatient rehabilitation, further therapy
may be instituted on an outpatient basis or an extended functional training at home may be
considered [11].

12. Conclusion

The overall outcome of the SICH patients depends on access to acute care facilities, avail-
ability and affordability of post-acute care and rehabilitation services. The provision of stroke
rehabilitation services has received considerable attention in recent years. There is a large
amount of literature that support the rehabilitation of acute and subacute phase of SICH that
has potential for improvement in the functional outcome of these patients. However, more
studies are needed to further define and compare different methods for rehabilitation in
patients with SICH.
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