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ABSTRACT

Intracranial hemorrhage (ICH) is a critical neurological emergency characterized by bleeding within the cranial cavity, which can lead to
significant morbidity and mortality. The management of ICH in the critical care setting requires a multidisciplinary approach that encompasses
rapid assessment, stabilization, and targeted interventions. This requires the key components of critical care management for patients with ICH,
emphasizing the importance of timely diagnosis, monitoring, and treatment strategies. Initial management begins with a thorough clinical
assessment and imaging studies, typically a computed tomography (CT) scan, to confirm the presence and type of hemorrhage—be it
subarachnoid, subdural, epidural, or intraparenchymal. Early identification of the hemorrhage type is crucial, as it influences the treatment
pathway. Once diagnosed, the patient's airway, breathing, and circulation must be stabilized. This may involve intubation in cases of altered
consciousness or severe respiratory distress. Monitoring in the intensive care unit (ICU) is essential for early detection of complications such as
increased intracranial pressure (ICP), which can lead to brain herniation and further neurological deterioration. Continuous neurologic
assessments using tools like the Glasgow Coma Scale (GCS) help in evaluating the patient's neurological status and guiding therapeutic decisions.
ICP monitoring may be warranted for patients with significant mass effect or those who exhibit declining neurological function. Surgical
intervention may be necessary in select cases, particularly for large hematomas or those causing significant mass effect. Craniotomy or
craniectomy can facilitate hematoma evacuation and relieve pressure on the brain. Endovascular techniques are also increasingly utilized for
certain types of haemorrhages, such as aneurysms or vascular malformations. Post-operative care in the ICU involves vigilant monitoring for
complications such as seizures, infections, and further neurological decline. Rehabilitation efforts should begin early, focusing on physical therapy
and cognitive rehabilitation to optimize recovery outcomes. In conclusion, the critical care management of intracranial haemorrhage is a complex
process that requires a systematic approach involving rapid assessment, continuous monitoring, pharmacological management, and potential
surgical intervention.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) is defined as
nontraumatic bleeding into the brain parenchyma [1, 2], which can
extend into the ventricles and into the subarachnoid space [3]. ICH is
the second most common subtype of stroke [3], accounting for 10-50
% of all cases [4, 5], depending on the population, race, and region
studied [6]. According to the “Global Burden of Diseases, Injuries, and
Risk Factors” report, there were 5.3 million cases and over 3.0 million
deaths secondary to ICH worldwide in 2010 [6, 7]. The case-fatality
rate ranges from 35 % at 7 days to 59 % at 1 year [8—10]. Half of fatal
cases occur in the first 48 hours after presentation [11,12]. Survivors
are often left with severe disability [9], with less than 40 % of patients
regaining functional independence [3]. The epidemiology of ICH may
change in the future with better control of risk factors such as
hypertension [13], but the use of newer anticoagulation therapies may
influence the acute management and possibly prognosis of the disease
[14,15].

ICH has been traditionally described as the subtype of stroke with the
poorest prognosis [10]. However, recent observational reports
suggested that self-fulfilling prognostic pessimism may lead to
withdrawal of life support in patients who otherwise may have had an
acceptable clinical outcome if managed aggressively [11]. Part of the
pessimism surrounding the prognostication of hemorrhagic stroke is
hypothesized to be a tendency not to consider factors such as age,
previous comorbidities, etiology of the bleeding, and socioeconomic
factors [12], which are known to affect outcome [16].

Etiology And Risk Factors

The most important modifiable risk factor in spontaneous ICH is
chronic arterial hypertension [17]. Deep perforator arteries in the pons,
midbrain, thalamus, basal ganglia, and deep cerebellar nuclei,
chronically damaged by hypertension, are the most common locations
for hypertensive bleeding [18, 19]. Chronic hypertension is present in
50-70 % of patients who develop ICH [20]. Patients with a systolic
blood pressure (SBP) >160 mmHg or a diastolic blood pressure >110
mmHg have a 5.5 (95 % CI 3.0-10.0) times increased rate of ICH,

compared with normotensive patients [21]. Besides hypertension,
cerebrovascular amyloid deposition (i.e., cerebral amyloid
angiopathy) is associated with ICH in older patients [22]. Intracranial
hemorrhage associated with cerebral amyloid angiopathy seldom
occurs in subjects younger than 60 years of age.

The incidence significantly increases thereafter, and is almost always
associated with a lobar haemorrhage [23]. Coagulopathies (i.e., the use
of antithrombotic or thrombolytic agents, congenital or acquired factor
deficiencies) and systemic diseases, such as thrombocytopenia, are
possible causes of ICH. The use of oral anticoagulants, especially
vitamin K inhibitors (i.e., warfarin), has increased coagulopathy-
associated ICH in recent years, accounting for more than 15 % of all
cases [14,24].

Psychosocial, ethnic, and economic factors play a role in the
prevalence of cerebral haemorrhage, with ICH being twice as common
in low-income and middle-income countries compared with high-
income countries [2, 19, 25].

Other identified risk factors for ICH include age (i.e., each decade from
50 years of age is associated with a 2-fold increase in the incidence of
ICH) and an elevated alcohol intake [20].

Etiologies Of ICH To Always Consider Include: intracranial
aneurysms (typically presenting as subarachnoid hemorrhage);
arteriovenous malformations (ICH is the first presentation of AVMs in
60 % of cases); cerebral venous sinus thrombosis and venous
infarction; brain tumors (<5 % of all ICH cases) including cerebral
metastasis (e.g., lung cancer, melanoma, renal cell carcinoma, thyroid
carcinoma, and choriocarcinoma) and primary CNS tumors (e.g.,
glioblastoma multiforme and oligodendrogliomas); and drugs of abuse
(e.g., cocaine, amphetamines).

Because of the differing etiologies of ICH, a rapid and accurate
diagnosis of the underlying etiology of ICH is essential to direct
appropriate management strategies.
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Fig 1 - Principles of ICH Management

Initial Evaluation And Clinical Stabilisation

According to the AHA/ASA guidelines [9] and the Emergency

Neurological Life Support protocols [26],spontaneous intracranial

hemorrhage is a medical emergency and should be managed

accordingly. The initial management should focus on the following
principle

1. ABC's. Initial assessment and stabilization of airway patency,
breathing, and circulation.

2. Neuroimaging. Once clinical stability is achieved, an urgent
imaging study for rapid and accurate diagnosis should be
performed.

3. Standardized neurologic assessment to determine baseline
severity. The National Institutes of Health Stroke Scale (NIHSS),
if the patient is awake or drowsy, or the Glasgow Coma Scale
(GCS), if the patient is obtunded or comatose, should be
performed and clearly documented.

4. Blood pressure management, reversal of coagulopathy, and
evaluation of the need for early surgical intervention.

5. Frequent neurological examinations, at least every hour [27, 28],
to detect early clinical deterioration and signs of increased
intracranial pressure (ICP) should be part of the routine initial
management algorithm.

Emergency Radiologic Diagnosis

The clinical presentation of ICH does not differ from acute ischemic
stroke, with the sudden onset of a focal neurological deficit. However,
certain clinical findings significantly increase the probability of
intracranial hemorrhage,such as coma, neck stiffness, seizures
accompanying the neurologic deficit, diastolic blood pressure > 110
mmHg, vomiting, and headache. Cervical bruit and prior transient
ischemic attack decrease the probability of hemorrhagic stroke.
However, no single clinical finding or combination of clinical findings
can be considered absolutely diagnostic[29]. Neuroimaging is
therefore crucial in establishing the diagnosis, and also for
consideration of the underlying etiology. Current guidelines
recommend either noncontrast computed tomography (CT) or
magnetic resonance imaging (MRI) as the initial imaging test (Class [;
Level ofEvidence A) [9].

CT is usually the first-line modality given its wide availability and
rapidity. Noncontrast CT is highly sensitive and specific for acute
blood [9]. Magnetic resonance (gradient echo or T2 susceptibility-
weighted sequences) is as sensitive as noncontrast CT in detecting
acute blood, and is more sensitive in detecting previous hemorrhage.
The main drawbacks of MRI use in the acute setting are cost and
availability [30].

Computed tomography angiography (CTA) or contrast-enhanced CT
is also commonly employed in the acute setting, combined with
noncontrast CT, as a strategy to detect active contrast extravasation
into the hematoma (spot sign—discussed later). Additionally, once
ICH is confirmed, additional imaging (e.g., CTA, magnetic resonance
angiography, or digital subtraction angiography(DSA)) is
recommended to search for the underlying etiology such as vascular
malformations and brain tumors (Class Ila; Level of Evidence B)[31,
32]. If cerebral venous sinus thrombosis is suspected because of
radiological findings such as unusual hematoma location, relative
increased edema volume, or abnormal signal in the cerebral sinuses,
CT venography or magnetic resonance venography should be
performed [33].

In hypertensive patients older than 65 years with a wellcircumscribed
hematoma located in the basal ganglia or thalamus, the yield of such
studies is low (2-3 %) and the decision not to proceed with further
diagnostics tests may be reasonable [31, 32]. In young non-
hypertensive patients, the following findings may warrant additional

work-up: presence of isolated intraventricular haemorrhage (IVH) or
subarachnoid haemorrhage, noncircular hematoma shape,
disproportionately excessive edema, lobar location, identification of
space-occupying lesion, enlarged vessels or calcifications along the
margins of the ICH, and hyperattenuation within a dural venous sinus
or cortical vein along the presumed venous drainage path. DSA
remains the gold standard for identifying underlying vascular lesions
(e.g., cerebral aneurysms, arteriovenous malformations), but CTA has
shown an accuracy of 89-100 % for determining secondary causes of
ICH [34, 35]. A recent study comparing CTA with DSA in
nonhypertensive patients younger than 45 years old demonstrated
excellent negative and positive predictive values of CTA and CT
venography (97.3 % and 100 %, respectively) to establish or exclude
vascular causes of ICH [36].ICH volume, IVH, and hepatoma
location. The volume of blood on the initial noncontrast CT image has
a strong independent association with outcome. A hematoma volume
of 30 ml represents a cutoff point for increased mortality [37, 38] and
worse functional outcome[37]. The ICH volume can be estimated
using the ABC/2 formula [39], “where A is the greatest hemorrhage
diameter by CT, B is the diameter 90° to A, and C is the approximate
number of CT slices with hemorrhage multiplied by the slice
thickness” [40]. Additionally, when the hematoma volume is
combined with the initial level of consciousness assessed by the GCS,
it can accurately predict 30-day mortality [37]. Patients with an ICH
volume of >60 ml on the initial CT image and GCS <8 have a predicted
30-day mortality >90 %, compared with a mortality of <20 % for
patients with hematoma volume <30 mland GCS >9[37].

Fig 2 -Intracranial haemorrhage in non traumatic patients

Both the presence and ongoing expansion of IVH are powerful and
independent predictors of functional outcomes after ICH [41]. IVH is
present in approximately 45 % of patients with spontaneous ICH. IVH
is associated with a lower probability of favorable outcome compared
with absence of IVH (15 % vs 31 %, p <0.00001) [42]. An increase of
more than 2 ml in IVH volume in the first 24 hours has been shown to
be associated with an odds de Oliveira Manoel et al.ratio (OR) for a
poor outcome 0f4.2 (95 % CI1 1.06-16.63,p=0.0405) [43].

Hematoma location is another important factor that affects outcome
and treatment [26]. The most common locations of hypertensive ICH
are the basal ganglia (caudate nucleus and putamen), thalamus, deep
cerebellar nuclei, midbrain, or pons (Fig. 2). Lobar hemorrhages are
often associated with structural changes such as cerebral amyloid
angiopathy, arteriovenous malformations, or brain tumors.

Early neurological deterioration and hematoma expansion ICH
patients are at risk for early neurological deterioration, which is
usually secondary to early hematoma expansion or the development of
acute hydrocephalus secondary to IVH [44, 45]. The definition of early
neurological deterioration varies across studies, but it is usually
described as worsening from the initial neurological examination (e.g.,
a change in the initial GCS or NIHSS scores) or progression to death
[46]. Early neurological deterioration occurs in upto 40 % of patients
within 48 hours, and is associated with poorer long-term prognosis
[46]. Mayer et al. [44] described a prospective cohort of 46
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noncomatose patients (GCS > 8) with ICH. Fifteen patients (33 %)
developed neurological deterioration, the majority (8/15, 53 %) during
the first day of hospitalization. Patients with neurological deterioration
had larger hematoma volume (mean volume:45 ml vs 16 ml, p <0.01)
and mass effect on initial CT (60 % vs 19 %, p < 0.01). The 30-day
mortality was 47 % in patients with neurological deterioration
compared with 3 % in those patients who did not acutely worsen (p =
0.001). While the two most important predictors on hospital admission
of early neurological deterioration are the hematoma volume and the
presence of IVH, other factors such as glucose concentration,
fibrinogen levels, and elevated SBP have been described [46].

Hematoma expansion is a major determinant of early neurological
deterioration, poor outcome, and death[47—49]. Brott et al. [45] found
that 26 % of ICH patients developed substantial hemorrhage growth
(defined as >33 % increase from baseline hematoma volume) between
baseline and 1-hour CT scans (i.e., within 4 hours of symptom onset).
Additionally 12 % of the patients developed hematoma growth
between the 1-hour and20-hour CT scans. Hemorrhage growth was
significantly associated with early neurological deterioration.
Hematoma expansion is an independent determinant of poor outcome
and mortality [47], regardless of hematoma expansion definition [48].
The early occurrence of hematoma growth and subsequent
neurological deterioration highlights the importance of frequent
neurological examinations and early repeat CT scanning, which can
alter medical patient care or may trigger surgical interventions [28].

6. Medical Management Of ICH

Several issues regarding medical and surgical management of ICH
remain unanswered. Recent clinical trials examining hemostatic
therapy, blood pressure control, and hematoma evacuation have
advanced our under-standing of ICH management.

Table 1 - Original ICH Score

Item Score No. of patients (%)
Glasgow Coma  3-4 2 7{156)
e 5-12 1 27 (60.0)
13=15 0 11 (24.4)
ICH volume 230ml 1 30(e6.7)
<30ml 0 15(333)
IVH Present 1 26 (57 8)
Absent 0 19(42.2)
ICH location Infratentarial 1 31 (68.9)
Supratentorial 0 14(31.1)
Age =80 1 8(178)
<80 0 37(8232)

Blood Pressure Management

Chronic hypertension is the main risk factor for then development of
spontaneous ICH, which makes blood pressure (BP) lowering
physiologically intuitive as a strategy to prevent hematoma expansion.
However, physiologic concern has been that excessive blood pressure
reduction could decrease cerebral perfusion pressure (CPP) in the
ischemic penumbra. Clinical studies,however, have shown that this
concern over the zone of perihematoma ischemia is not well
substantiated clinically [73, 74]. Kate et al. [75] randomized ICH
patients to two different SBP targets (aggressive group <150
mmHg,and conservative group <180 mmHg). Patients under-went CT
perfusion study 2 hours after randomization, and the raw imaging data
were used to calculate cerebral blood flow (CBF), maximum oxygen
extraction fraction (OEFmax), and the maximum cerebral metabolic
rate of oxygen (CMRO2). Despite significant difference in SBP levels
between the two groups (140.5 £18.7 mmHg vs 163.0 £10.6 mmHg, p
< 0.001), perihematoma CBF, OEFmax, and CMRO2 were not
affected by aggressive BP lowering [75]. Recently published clinical
data have further helped clarify the issue of BP thresholds in ICH. In
the INTERACT pilot study [76], spontaneous ICH patients within 6
hours of onset were randomly assigned to early intensive BP-lowering
strategy (target SBP -140 mmHg) or “classic” BP management (target
SBP = 180 mmHg). The study showed that acute aggressive BP
lowering was feasible and safe, with a marginal attenuation in

hematoma growth (1.7 ml). This pilot study was followed by the
INTERACT 2 trial (a phase 11 trial), which enrolled 2794 patients with
spontaneous ICH within 6 hours of hemorrhage [71]. Patients were
randomized to the SBP targets (aggressive treatment <140 mmHg vs
standard target <180 mmHg). No differences in the primary composite
outcome (mortality or major disability) were found (52 % vs 55.6 %, p
=0.06).

Moreover, early intensive BP reduction was not associated with
decreased in hematoma growth, the main mechanism by which
aggressive BP treatment was believed to improve outcome. However,
a predefined ordinal analysis showed lower mRS scores with intensive
treatment (OR for greater disability 0.87, 95 % C10.77-1.00,p=0.04).

Two Possible Conclusions Can Be Drawn From This Study:
Aggressive blood pressure lowering (SBP <140 mmHg, ideally within
1 hour from presentation) seems to be safe in the acute phase of ICH
(Class I; Level of Evidence A); and a lower blood pressure target might
have an impact on long-term outcome, even if smaller than anticipated
(Class Ila; Level of Evidence B) [9]. The small effect on hematoma
growth and composite outcome observed in the INTERACT 2 trial
may be explained by small hematoma volumes (11 ml), and, more
importantly, by significant delay in BP treatment initiation (median of
4 hours from ictus) and delayed achievement in blood pressure target
in the treatment group (6 hours of treatment). Therefore, itmmay be
extrapolated that approximately 10 hours passed from hemorrhage
onset to target BP achievement. By that time, hematomas would
probably have already expanded.

Additionally, only 34 % of patients in the treatment group achieved the
goal of SBP < 140 mmHg within 1 hour. The Antihypertensive
Treatment of Acute Cerebral Hemorrhage (ATACH) 2 trial has been
published recently[77], and compared two targets of SBP management
in the acute phase of ICH; SBP between 110 and 139 mmHg vs 140 and
179 mmHg. The trial was stopped early for futility after the
prespecified interim analysis, and included 100 patients (sample size
calculated: 1280 subjects). No difference in the rate of death and
disability was found, and the intervention group experienced higher
rates of renal adverse events within 7 days (9.0 % vs 4.0 %, p = 0.002)
[77]. Several differences between INTERACT 2 and ATACH 2 should
be mentioned (Table 2). First, the recruitment window was 6 hours in
INTERACT 2 vs 3.5 hours (which was extended to 4.5 hours
throughout the study) in ATACH 2. The period of blood pressure
intervention was 7 days vs 24 hours in the INTERACT 2 and ATACH 2
trials, respectively. Also, the studies started from different levels of
SBP on randomization: 179 mmHg vs 200 mmHg respectively.
Importantly, the mean minimum SBP achieved within 2 hours in the
control group of ATACH 2 was similar to the mean SBP achieved
within 6 hours in the intervention group of INTERACT 2 (141 mmHg
vs 139 mmHg, respectively).

In Summary: the control group in the ATACH 2 trial achieved similar
blood pressure levels compared with the intervention group of
INTERACT 2 (141 mmHg vs 139 mmHg); the ATACH 2 trial
therefore compared 140 mmHg vs 129 mmHg; and the patients
included in both studies had small hematomas (approximately 10 ml),
making those hematomas less likely to expand [44]. Rapid intensive
blood pressure lowering might still be beneficial to patients with higher
risk of hematoma expansion (e.g., larger hematomas, positive spot
sign) [44, 60]. In conclusion, acute lowering of SBP to 140 mmHg is
safe [9], but it does not seem to improve functional outcome, and SBP
levels of 130 mmHg might be associated with increased
complications. Additionally, some observational studies have
demonstrated the common occurrence of small ischemic lesions on
diffusion-weighted MRI after ICH. The impact of these ischemic
lesions on functional outcome and their relationship with acute blood
pressure lowering vary across those studies, and causality is not well
established[78]. Currently, no specific anti-hypertensive agent is
considered universally superior. Several agents were used in the
INTERACT 2 trial [71], such as an alpha-adrenergic antagonist
(urapidil, 32.5 %), calcium channel blockers (nicardipine or
nimodipine, 16.2 %), combined alpha- and beta-blocker (labetalol,
14.4 %), venodilators (nitroglycerin, 14.9 %), a diuretic (furosemide,
12.4 %), and arterial vasodilators (nitroprusside, 12.1 %; hydralazine
5.9%).

The ATACH 2 trial administered nicardipine by intravenous infusion,
starting at a dose of 5 mg/hour, which was increased by 2.5 mg every 15

I International Journal of Scientific Research |—| 17 |



Volume - 14 | Issue - 01 | January - 2025

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

minutes (maximum dose of 15 mg/hour), until the target SBP was
achieved. Intravenous labetalol was added as second-line agent, if the
SBP target was not reached, despite the maximum dose of nicardipine
[77]. Nicardipine and labetalol are the most common drugs used world
wide,; both agents appear to be safe [79], but nicardipine might be
more effective in reaching and maintaining the target BP
[80].However, local drug availability and drug approval is a practical
consideration.

Anticoagulant-associated ICH

The use of anticoagulants has significantly increased in the last
decades, leading to a 3-fold increase in the incidence of anticoagulant-
related intracranial hemorrhage[14]. Patients experiencing ICH on
antithrombotic agents have an increased risk for hematoma expansion
and higher risk of death and poor outcome [24, 81]. In AAICH, the
main goals are: withholding the culprit drug; reversing the drug effect
by the administration of antidote when available; and monitoring the
effectiveness of anticoagulation reversal with laboratory tests.

However, the laboratory correction of coagulopathy may not be
associated with the reversal of coagulopathy in vivo [40].

A. Warfarin is responsible for 9-14 % of all cases of ICH [82], with
an annual risk of warfarin-related ICH of between 0.3 and 3.7 % when
the INR is between 2 and 4.5 [83] (Table 3). Patients on long-term
warfarin have up to an 11-fold higher risk of ICH compared with
patients not taking anticoagulants [84]. Increased age (>70 years) [84,
85], a history of chronic hypertension [85], and the concomitant use of
antiplatelet therapy (APT) [86] are risk factors for warfarin-related
ICH.

Bleeding risk scores (e.g., HAS-BLED) may help assess the risk of
major bleeding in patients with atrial fibrillation [87]. Warfarin-related
ICH is also associated with larger hematoma size [88] and higher
mortality rates compared with patients without coagulopathy [81, 89].
For patients with warfarin-related ICH and elevated INR (>1.4), urgent
coagulopathy reversal is warranted. Vitamin K, given as a slow
intravenous infusion (5-10 mg over 30 minutes), can completely
reverse the warfarin effect. However, it can take up to 24 hours to
completely reverse warfarin effect, and so its use as sole therapy is
associated with increased risk of hematoma expansion, and is not
recommended [9].Currently, there are two other treatment options to
acutely reverse the warfarin effect: the transfusion of fresh frozen
plasma (FFP) or the use of prothrombin complex concentrate (PCC).
FFP contains all coagulation factors but several transfusion- related
complications, such as allergic reactions, possibility of infectious
disease transmission, transfusion-related acute lung injury and
transfusion-related circulatory overload could occur. More
importantly, the time consumed to thaw, cross-match, and transfuse the
appropriate dose (1040 ml/kg) makes the use of FFP for the acute
reversal of warfarin-related ICH less appealing and less effective
thanthe use of PCC [90]. PCC is a virally inactivated preparation of
concentrated coagulation factors pooled from healthy donors. Some
PCC preparations contain factors II, IX and X (three-factor PCC),
while some other preparations also contain higher concentrations of
factor VII (four-factor PCC).

IE Parenteral

5., Vitamin K antagonists

/-

AT mediated Xa inbibitar | PCC

: eavaa
fontip e

e
beriban
ety Indirect Xa inbibitors

and rombin ihibitors ::“'"“".‘

e actorsted eparin N
cosuaparis

Fig 3 - Anticoagulant And Reversal Strategies

Coagulation factors can be presented in the inactivated or activated
forms, depending on the formulation. Dosing is usually based on factor
IX administered and it is usually adjusted by weight and/or INR,
although fixed doses of at least 20 Ul/kg of factor IX have been
reported to be effective[91]. Four-factor PCC might be more effective
in reversing warfarin effect than three-factor PCC [92, 93]. PCCs are

effective for rapid reversal of anticoagulation due to warfarin use and
are considered the first-choice option in some guidelines [94, 95].
Hickey et al. [96] showed in a retrospective cohort study that the
median time for INR reversal was significantly shorter with four-factor
PCC when compared with FFP (5.7 hours vs 11.8 hours, respectively, p
<0.0001).

Additionally, FFP was associated with higher incidence of serious
adverse events, especially heart failure (19.5 % vs 9.7 %, p = 0.014;
relative risk 2.0, 95 % CI 1.1-3.5). In a phase IIIb study, Sarode et al.
randomized 202 patients with active warfarin-related major bleeding
to four-factor PCC or FFP. Rapid INR reduction, defined as the INR
correction (<1.3) at 0.5 hours after the end of infusion, occurred in 62.2
% of cases with four-factor PCC and only in 9.6 % of patients who
received FFP transfusion [97].

Although the use of recombinant activated factor VII (rFVIla) has
been described as a possible option for warfarin-related coagulopathy
reversal, rFVIIa does not replace the levels of other vitamin K-
dependent factors and has a short half-life.

Current guidelines therefore do not recommend its use for reversal of
warfarin-related ICH. Additionally, it is 15 times more expensive than
FFP and at least 3.5 times more expensive than PCC, and is associated
with a higher risk of INR rebound [98]. In summary, patients with
warfarin-related ICH and elevated INR should have vitamin K
antagonist withheld, and should receive vitamin K (10 mg IV over 30
minutes) concomitantly with PCC guided by INR level or weighted-
base dosing (20 Ul/kg). If PCC is not available, FFP should be
administered in a dose of 10-40 ml/kg. rFVIla is not recommended in
this clinical scenario.

b. Unfractionated heparin (UFH) and low molecular weight
heparins (LMWHs).

UFH prevents fibrin formation by indirectly inhibiting factors Xa and
ITa (thrombin) through the activation of antithrombin. Heparin-related
ICH occurs in approximately 0.1-0.2 % of patients on continuous
infusion of UFH for a non-neurological indication. For patients who
develop ICH while on UFH infusion, heparin reversal is warranted.
Heparin infusion should be immediately interrupted and protamine
sulfate should be administered at a dose of 1 mg for every 100 units of
heparin given in the previous 2—3 hours (maximum single dose of 50
mg). Arepeat dose of 0.5 mg of protamine per 100 units of UFH may be
givenifthe aPTT remains elevated [90].

Similarly to UFH, LMWHs also bind and activate antithrombin but
have less effect on thrombin compared with UFH, although
approximately the same effect on factor Xa. Protamine appears to only
partially neutralize the anti-factor Xa activity of LMWH and therefore,
in case of need for reversal, this cannot be done completely. The main
goal of LMWH reversal is discontinuation of the drug, although
protamine use can be attempted. For enoxaparin given within 8 hours,
protamine sulfate should be administered at the dose of 1 mg per 1 mg
of enoxaparin (maximum single dose of 50 mg); for enoxaparin given
within 8 and 12 hours, a dose of 0.5 mg of protamine per 1 mg of
enoxaparin should be administered. Beyond 12 hours of enoxaparin
administration, protamine administration is not suggested. For
dalteparin or nadroparin, protamine sulfate should be given ata dose of
1 mg per 100 IU of dalteparin/nadroparin administered in the past 3—5
half-lives (maximum single dose of 50 mg). Factor VIla (90 pg/kg) can
be used if protamine is contraindicated or in LMWH-related ICHs that
are refractory to protamine [90].

C. Antiplatelet Agents.

The literature on APT and its association with outcomes after ICH is
still controversial. Several reports described the association of
antiplatelet agent use with hematoma expansion and worse clinical
outcome, including increased mortality rate [99-101]. However, more
recent studies reported that patients on antiplatelet agents prior to ICH
have similar rates of hematoma expansion compared with patients not
receiving these agents, and the functional outcome may be
independent of antiplatelet use [102—-104]. For example, in the
Cerebral Hematoma and NXY-059 Treatment (CHANT) trial, a
secondary analysis of the placebo arm found no association between
APT use and ICH outcomes [102]. Because it remains controversial
whether APT influences hematoma expansion or functional outcome,
the clinical utility of its reversal is uncertain [ 105]. In patients with ICH
and on APT, the agent should be discontinued immediately. Some

| 18 |—| International Journal of Scientific Research I



Volume - 14 | Issue - 01 | January - 2025

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

observational studies suggested potential benefit from platelet
transfusion [106].

Recently, Baharoglu et al. [107] published the results of the PATCH
study, the first randomized, open-label, phase 3 trial investigating the
effect of platelet transfusion in patients with spontaneous ICH, who
were receiving APT. The study included 190 participants from the
Netherlands, the UK, and France. The study showed increased odds of
ashifttowards death or dependence at 3 months in the group of patients
receiving platelet transfusion compared with the standard care group
(adjusted common OR 2.5,95 % CI 1.18-3.56,p=0.0114).

Secondly, more serious adverse events were reported in patients who
received platelet transfusion (42 %), compared with 29 % in patients
who received standard care alone. Interestingly, the two groups
showed a difference in hematoma volume, although this was not
significant (13.1 (5.4-42.4) ml in the intervention group vs 8.0
(4.4-25.8) ml in the standard of care group). In the post-hoc analysis
the primary outcome remained unchanged when adjusted for ICH
volume at baseline, but there was an apparent potential benefit for
platelet transfusion as the hematoma volume increased; however, the
very small size of the population precluded a better-powered
exploratory analysis.

Until the results of another similar randomized trial (Clinical Trials
.gov NCT00699621) are available, platelet transfusion should be
considered not beneficial but rather potentially harmful for people
taking APT and such decisions should be considered on an individual
basis [9]. For example, many authors recommend platelet transfusion
only for patients with aspirin-associated or ADP inhibitor associated
ICH and for whom an emergency neurosurgical procedure is planned
[108].

A recent pilot study evaluated the role of desmopressin (DDAVP) to
improve platelet function in patients with ICH and reduced platelet
activity or on aspirin therapy [109]. Desmopressin (0.4 pug/kg IV given
over 30 minutes) increased platelet activity, as measured by von
Willebrand factor antigen and closure times (PFA-100 with
epinephrine), 1 hour after DDAVP administration. The DDAVP effect
may be short lived, however, and platelet function abnormalities may
return within 3 hours [110].

Based on these limited data, a single dose of DDAVP (0.4 ng/kg IV
given over 30 minutes) may be considered for patients with aspirin-
associated, COX-1 inhibitor-associated, or ADP receptor inhibitor-
associated ICH.

D. New Oral Anticoagulants

Factor Xa inhibitors. These oral anticoagulant agents (e.g.,
rivaroxaban, apixaban, and edoxaban) act as direct factor Xa inhibitors
and prevent factor Xa-dependent conversion of prothrombin to
thrombin. Current indications include primary stroke prevention (i.e.,
in nonvalvular atrial fibrillation), treatment of deep vein thrombosis
and pulmonary embolism, and secondary prevention of venous
thromboembolism (VTE)[108, 111]. Compared with warfarin, factor
Xa inhibitors have shown a lower risk of ICH. However, currently
there is no specific antidote commercially available for this class of
drug, and most information on their reversal is limited to ex-vivo and
in-vivo studies on healthy volunteers and animal models of bleeding.
Current recommendations suggest immediate discontinuation of the
drug followed by the administration of four-factor PCC (50 U/kg) or
activated PCC (50 U/kg) in the case of patients presenting within 3—5
terminal half-lives of the drug or in the presence of liver failure. In case
of recent ingestion (within 2 hours), 50 g of activated charcoal is
recommended [108].

Direct thrombin inhibitor reversal. Available direct thrombin
inhibitors include competitive direct thrombin inhibitor (e.g., oral
dabigatran), reversible direct thrombin inhibitors (argatroban and
bivalirudin, both intravenous only), and irreversible direct thrombin
inhibitors (e.g.,desirudin SC and lepirudin IV). Their main current
indications include primary stroke prevention in patients with non-
valvular AF, treatment of VTE, and management of heparin-induced
thrombocytopenia [108]. Data on the incidence and outcomes of direct
thrombin inhibitor-related ICH is scant. Dabigatran seems to be
associated with an ICH rate of 0.2-0.3 %/year, which is lower
compared with warfarin [108]. Recently, a dabigatran-specific
monoclonal antibody, idarucizumab (Praxbind®), has been approved

for clinical use. The use of idarucizumab in dabigatran reversal was
demonstrated in an interim analysis of the Reversal Effects of
Idarucizumab on Active Dabigatran Study (the RE-VERSE AD
study)[112]. The report included 90 patients (one-thirdwith ICH) with
uncontrolled or life-threatening bleeding, or requiring emergency
surgical procedures (<8 hours) [112]. Patients received 5 g of
idarucizumab divided in two doses of 2.5 g at 15-minute intervals.
Idarucizumab reversed anticoagulation in 90 % of patients within
10-30 minutes of drug infusion, as assessed by the dilute thrombin
time (TT) and ecarin clotting time (ECT). Therefore, for patients with
dabigatran-related ICH, emergency treatment should include
discontinuation of the drug, followed by two doses of 2.5 g
idarucizumab IV at 15-minute intervals, if the last dose of dabigatran
was ingested within 3—5 half-lives or if renal failure is present. In the
occurrence of dabigatran intoxication or renal failure, the use of
hemodialysis can be considered. If idarucizumab is not available, or if
the ICH is related to other direct thrombin inhibitors, emergency
treatment should include discontinuation of the drug followed by the
administration of activated PCC (50 U/kg) or a four-factor PCC (50
U/kg), if the last dose of drug was ingested within 3—5 terminal half-
lives. If the drug was taken more than 3-5 half-lives before
presentation, reversal in not indicated. In the case of recent ingestion
(within 2 hours), 50 g of activated charcoal is recommended. The use
of rFVIla or FFP in direct thrombin inhibitor-related intracranial
hemorrhage is not recommended.

E. rFVIlain patients without coagulopathy.

The use of rFVIIa in noncoagulopathic patients has been studied in
multiple randomized trials and has been shown to reduce hematoma
growth but not to improve patient survival or functional outcome.

Additionally, its use is associated with an increased rate of arterial
thromboembolic adverse events [113].

Currently, two clinical trials—the SPOTLIGHT trial and the STOP-IT
trial—are underway to clarify the role of rFVIla in ICH patients with a
positive-spot sign. Current guidelines do not recommend the use of
rFVIlainunselected noncoagulopathic ICH patients [9].

Surgical Treatment Of Spontaneous Intracranial Hemorrhage
Supra-tentorial Hemorrhage

The benefits of clot removal have been addressed in two randomized
trials. The Surgical Trial in Intracerebral Hemorrhage (STICH)
randomized 1033 patients with supra-tentorial hemorrhage (lobar or
ganglionic hematoma) to early surgery (within 96 hours of ictus)
versus standard of care (i.e., medical management with delayed
surgery if necessary) [114]. No difference in favorable functional out-
come at 6 months was found (p = 0.414). However, the sub-group of
patients with superficial ICHs (lobar hemorrhage within 1 cm of the
cortical surface) who underwent surgery had better outcomes. This
result prompted a second trial, STICH II, aiming at randomizing
patients with superficial lobar hematomas (10—100 ml) to early surgery
versus medical management with delayed surgery if necessary [115].

Patients with IVH or coma were excluded. STICH II found no
difference in mortality or severe disability with early surgery (p =
0.37). Of note, patients with predicted poor prognosis at enrollment
(estimated according to a prognostic model taking into account GCS,
age, and ICH volumes: 10 x GCS — age — 0.64 X volume) were more
likely to have a favorable outcome with early surgery than with initial
conservative treatment (OR 0.49, p = 0.02). Such a benefit with early
surgery was not detected in the group of patients with predicted good
prognosis at enrollment (OR 1.12,p=0.57)[115].

Posterior Fossa Hemorrhage

Hemorrhage involving the posterior fossa (cerebellum or brainstem;
Fig. 2) can be associated with life-threatening complications, such as
acute hydrocephalus secondary to fourth-ventricle compression and
direct brainstem compression and/or herniation through the foramen
magnum. Treatment strategies include posterior fossa (suboccipital)
decompressive craniectomy, external ventricular drain (EVD)
insertion or conservative management. There is no randomized trial
addressing the best approach or timing to manage infra-tentorial
hemorrhage and the evidence available is based on class I studies.

Different protocols and algorithms have been published, directing
management strategies on the basis of GCS and hematoma size [116],
degree of fourth-ventricle compression [117], or GCS and presence of
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hydrocephalus [118]. Patients with a GCS score of 14—15 and small
hematomas (<3 cm) can be treated conservatively. In the case of
neurological deterioration, hematoma drainage +craniectomy should
be strongly considered. In comatose patients without brainstem
reflexes, formal neurological determination of death should be
considered.

Comatose patients with preserved brainstem reflexes should be
considered for emergency hematoma drainage and suboccipital
decompressive craniectomy. Insertion of EVD alone for treatment of
cerebellar occupying lesions remains controversial because of the
theoretical risk of upward herniation and is not recommended by the
AHA guidelines [9].

However, management of recent cohorts of patients with cerebellar
infarcts showed that EVD alone is a possible treatment, and can reduce
the need for suboccipital decompressive craniectomy [119].

Intraventricular Hemorrhage

IVH occurs in nearly half of ICH patients. Isolated IVH (primary IVH)
occurs rarely but more often is the result of secondary extension of a
parenchymal hematoma into the ventricular system. The presence of
blood in the ventricles can interrupt the normal cerebrospinal fluid
(CSF) flow and cause obstructive (noncommunicating) hydrocephalus
and increased ICP. Placement of an EVD to drain CSF and monitor ICP
should therefore be considered in patients with acute hydrocephalus/
IVH and GCS < 8 or with signs of transtentorial herniation [9]. A
practical issue arises from the clot burden in the ventricular system and
the frequent obstruction of ventricular drain. Techniques such as
neuroendoscopy or intraventricular thrombolysis (IVT) have been
investigated. The Clot Lysis Evaluation of Accelerated.

Resolution of Intraventricular Hemorrhage (CLEAR-IVH) trial
demonstrated that the use of low-dose recombinant tissue plasminogen
activator (r-tPA) had an acceptable safety profile in patients with [IVH,
as well as being beneficial in accelerating the removal of clot from the
ventricular system [120]. The phase III CLEAR-IVH III trial [121],
comparing the use of EVD combined with intraventricular injection of
r-tPA to EVD plus intraventricular injection of normal saline (placebo)
for the treatment of IVH, has been completed (500 subjects enrolled
from 73 sites between 2009 and 2014) and preliminary results have
been presented recently at the International Stroke Conference (ISC)
2016. The primary outcome of dichotomized mRS 0-3 vs 4-6 at 180
days was not significantly different between the two groups, but the
treatment was associated with a 10 % reduction in mortality without
increasing the number of patients in a vegetative state or with severe
disability. The CLEAR-IVH III researchers also reported that patients
with larger clots and more than 20 ml of blood removed showed a
significant improvement in functional outcome. In terms of safety,
symptomatic bleeding was not more frequent in the alteplase group,
and it was associated with a reduction in bacterial ventriculitis (7 % vs
12 %, p = 0.05) (official publication of results awaited)[122]. Li et al.
[123], in a systematic review and meta-analysis of 11 studies including
five RCTs (680 patients), found that the neuroendoscopy + EVD
approach seemed to be better than the EVD +IVT approach in terms of
mortality, effective hematoma evacuation rate, good functional
outcome, and the ventriculoperitoneal shunt dependence rate.

Minimally Invasive Surgery

New approaches for hematoma drainage have emerged in the last
decade, including stereotactic aspiration of clot +thrombolysis or
endoscopic procedures. Overall, minimally invasive surgery has been
associated with improvement in clot removal compared with standard
surgical techniques [124, 125]. Cho et al. [126] compared three
approaches (neuroendoscopy vs stereotactic aspiration vs craniotomy)
in a randomized trial of 90 noncomatose patients with ganglionic
hematomas. There was no difference in mortality but patients treated
endoscop-ically had better functional outcomes within 6 months of
surgery as assessed by functional independence measure score,
Barthel index score, and muscle power. A recent systematic review and
meta-analysis showed that death or dependence is significant reduced
by minimally invasive surgery when compared with medical
management or conventional craniotomy [127]. The Minimally
Invasive Surgery Plus rt-PA for ICH Evacuation Phase I1I (MISTIE I1I)
trial (ClinicalTrials.gov NCT01827046) is currently assessing the
usefulness of stereotactic catheter placement into intraparenchymal
hematomas followed by direct injection of r-tPA for 3 days and
aspiration.

Quality In Acute Stroke Care

There is evidence for the benefit of stroke units [70] with a significant
positive impact on long-term outcome (i.e., decreased morbidity and
mortality). Medical complications such as fever, hyperglycemia, VTE,
and dysphagia are still not universally optimally managed [128].
Hyperthermia (temperature > 37.5 °C), hyperglycemia, and dysphagia
occur in 20-50 %, up to 50 %, and between 37 and 78 % of patients, in
the first days after the stroke, respectively.

A. Hyperglycemia

Is common in patients presenting with ICH and is associated with poor
outcomes (hematoma expansion, increased edema, death, or severe
disability) [129-132]. The optimal glucose level and the best
hyperglycemia management strategy remain to be elucidated.
However, both hypoglycemia (<70 mg/dl or < 3.9 mmol/L) and
hyperglycemia (>180 mg/dl or 10 mmol/L) should be avoided [9].

B. Temperature.

Fever is a common occurrence affecting between 30 and 50 % of
patients with ICH, and is independently associated with poor outcomes
[133, 134]. The presence of IVH is the main risk factor for fever not
explained by infections or drugs [135]. There are no available data
from RCTs addressing the role of induced normothermia after ICH. At
this point, the suggested goal is to keep a core temperature below
37.5-38 °C [9]. One pilot study (iCOOL1) randomized 20 patients
with acute stroke to induced normothermia (cold saline infusion (4 °C,
2 Lat4 L/hour) vs nasopharyngeal cooling (60 L/minute for 1 hour)). A
high incidence of serious adverse events (seven in total) was reported,
suggesting that safety of cooling in acute stroke patients awaits
evaluation in future trials [136].

C. Prevention of VTE.

Patients with ICH are considered at high risk of VTE, reported to be up
to 4- fold higher than in patients with ischemic stroke [137]. Initial
prophylaxis utilizes intermittent pneumatic compression devices to be
positioned at the time of hospital admission (Strong recommendation
and high-quality evidence) [138, 139], followed by pharmacological
prophylaxis with UFH or LMWH, initiated after documented
cessation of bleeding by imaging [140]. This is often considered to be
24-48 hours from the initial hemorrhage [139].

D. Dysphagia

Is common after stroke, and its reported incidence varies from 37 to 78
%, depending on the technique used for detection [141]. Dysphagia is
associated with increased risk for pneumonia/pneumonitis (RR 3.17,
95 % C12.07-4.87) [141]. Occurrence of aspiration pneumonia can be
reduced by formal dysphagia screening (e.g., water swallow test) from
5.4 % to 2.4 % (3 % absolute risk reduction) [142]. According to the
AHA/ASA guidelines, “a formal screening procedure for dysphagia
should be performed in all patients before the initiation of oral intake to
reduce the risk of pneumonia” (Class I; Level of Evidence B) [9].

E. Anaemia.

Hemoglobin levels on admission and nadir levels seem to be
associated with outcome after ICH [143, 144]. However, there is
currently no universally accepted ideal hemoglobin level in this
population.

F. Seizure Prophylaxis.

Seizure frequency has been reported between 8.1 and 10.6 % in
patients with ICH, with status epilepticus occurring in 1-2 % of
patients [9]. Lobar hemorrhages are independent predictor of early and
late seizures (i.e., occurring more than 2 weeks after ictus). However,
prophylactic use of anticonvulsants in ICH patients is associated with
worse outcomes. Phenytoin has been associated with increased side
effects and worse outcomes [ 145].

The current AHA ICH guidelines do not recommend the use of
prophylactic anticonvulsants [9].

Continuous EEG has become a monitor that is used in the management
of patients with ICH.

Claassen et al. [146] reviewed the records of 102 consecutive patients
who underwent continuous EEG monitoring after ICH. They found
that one-third of ICH patients developed seizures, with more than half
having only electroencephalographic evidence of seizures. They also
found a correlation between electroencephalographic seizures and
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expanding hemorrhages, and also between periodic discharges in
patients with cortical ICH and poorer outcomes [146]. Patients with
ICH presenting with a decreased level of consciousness out of
proportion to the clinical expected level of neurologic impairment may
benefit from continuous EEG monitoring, which can be used to trigger
or modify therapy [9].

Management of increased ICP is a topic beyond the scope of this
review, and we refer to very informative articles published recently
[147]. In general, ICP management strategies include: head of bed
elevation between 30 and 45°, CSF drainage through EVD, analgesia
and sedation, normocapneic ventilation, and administration of
hypertonic solutions (e.g., hypertonic saline or mannitol). In refractory
cases, hypothermia, barbiturates, or decompressive craniectomy can
be attempted [147].

Challenges In Prognostication

Several clinical ICH grading scales have been published with the
ultimate goal of risk stratification and prognostication [68]. However,
a confounder in the accuracy of these scales is the impact of
withholding or withdrawal of life support (WOLS). Most ICH patients
die in the acute phase because of WOLS [148, 149]; especially in
patients with a high ICH score, WOLS is associated with early death
[148, 149]. Diringer et al. [150] showed in a large series of more than
2000 mechanically ventilated patients admitted to a neuroscience ICU
that older or comatose patients were more likely to have their life
support withdrawn. Because of the uncertainty in prognostication in
the early phase, early aggressive management is recommended after
ICH, and treatment limitations should not be based solely on
prognostic models [9].

CONCLUSION

Spontaneous ICH is a neurological emergency associated with high
mortality and morbidity. Key management issues include prompt
etiologic diagnosis, reversal of anticoagulation, consideration of
surgical management, and control of blood pressure. The clinical
scenario and local practice will influence choice of therapeutic
environment. Early prognostication should not be attempted except
when clear signs of nonconfounded irreversible brain damage are
present, such as an absence of brain stem reflexes.
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