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I
ntracerebral hemor-
rhage (ICH) accounts
for about 15 percent of
all strokes1,2 and has a
mortality rate of 40-50

percent.2-4 ICH results in greater morbidity
and disability than the other stroke subtypes,

acute ischemic stroke (AIS) or subarachnoid hemorrhage
(SAH) and only 20 percent of ICH patients are functionally

independent at six months.4,5 Despite advances in emergency and
critical care, ICH outcomes have remained poor over the past 20
years.6 Since the publication of the 1999 American Heart
Association (AHA) guidelines for ICH management,7 several
important clinical trials and studies of ICH care have been pub-
lished. The results of these studies are reflected in the new AHA
guidelines.8

Diagnosis of ICH
The only significant change in the AHA recommendations for
initial evaluation of ICH between the 1999 and 2007 guidelines
is that computed tomography (CT) and magnetic resonance
(MR) imaging of the brain are now both considered excellent
first choices for imaging of stroke patients with suspected ICH.7,8

In a study comparing CT and MRI for detecting acute ICH
within six hours of symptom onset, gradient-echo MRI was
comparable to CT in identifying acute ICH but was more accu-
rate in identifying chronic hemorrhage.9

Computed tomography is more practical than MRI for rapid
evaluation of patients who may have altered level of conscious-
ness, hemodynamic instability, vomiting, and/or airway compro-
mise. In a study of 141 acute stroke patients, MRI was not fea-
sible in 20 percent of patients, the majority of whom had an
ICH.10 Thus, the choice of initial imaging depends on the stroke

presentation and patient acuity, contra-indications to MR imag-
ing, and rapid availability of imaging for the acute stroke patient
at a given hospital.

Prehospital providers, family members or other witnesses
should be questioned regarding time of onset, history of trauma,
history of seizures, other medical history, and use of warfarin or
other antithrombotic agents. The differential diagnoses prior to
CT should also include acute ischemic stroke, hypoglycemia,
Todd’s paralysis, and subarachnoid hemorrhage (SAH).
Following identification of ICH, secondary causes should be
ruled out as these are often amenable to specific interventions;
for example, aneurysm clipping or coiling for SAH. Standard
laboratory tests drawn in the ED should include complete blood
count, serum glucose, electrolytes, blood urea nitrogen, creati-
nine, and prothrombin and partial thromboplastin times (PT,
PTT). A chest X-ray and electrocardiogram should also be
obtained. 

Once ICH is identified, the hematoma volume is easily cal-
culated by the ABC/2 formula,11 where A and B are the largest
perpendicular diameters of the hematoma in centimeters (cm),
and C is the number of vertical CT slices multiplied by the slice
thickness in cm (see Figure 1). ICH volume is a strong predictor
of outcome with reported mortality rates of 19 percent for vol-
umes less than 30ml and 91 percent for volumes greater than
60ml.3

Acute Management of ICH
No surgical or medical intervention has been demonstrated con-
clusively to improve outcome in randomized clinical trials.
However, airway, breathing and circulation (ABCs) interventions
and blood pressure control should occur in the ED and contin-
ue throughout the hospital stay. Coagulopathic patients should
have prompt administration of appropriate agents to reverse the
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coagulopathy. Subsequent intensive care unit (ICU) manage-
ment involves optimization of physiologic parameters through
continued blood pressure monitoring, control of intracranial
pressure (ICP) and body temperature, blood glucose normaliza-
tion, as well as prevention and treatment of seizures, infection
and thromboembolism. 

Hemostatic Therapy for ICH. Ultra-early evaluation of ICH
was proposed almost two decades ago12 when it was discovered
that hematoma growth continued after presentation. This find-
ing stood in contrast to previous reports that suggested that early
neurologic deterioration was due to edema around an otherwise
stable clot. Hematoma growth has been shown to occur most
commonly in the first six hours from symptom onset13-17 and is
correlated with clinical deterioration, poor clinical outcome, and
death. Among ICH patients presenting within three hours of
symptom onset, hematoma expansion occurred in 26 percent of
patients within the first hour from presentation and in an addi-
tional 12 percent between the one and 20 hour CT scans in the
sentinel study by Brott et al.16

The strongest predictors of poor outcome following ICH are
hematoma volume, intraventricular hemorrhage (IVH) and
decreased level of consciousness,3,16-18 with hematoma volume
being the most powerful of these.3 The use of hemostatic agents
could minimize continued bleeding, thereby mediating early
neurologic deterioration and poor outcomes typically associated
with hematoma growth. Only recently have studies investigated
factors associated with hematoma growth13-17 and an analysis of
218 patients found hematoma growth to be a predictor of mor-
tality and functional outcome.17 A promising study of recombi-
nant factor VIIa (rFVIIa) for preventing hematoma growth after
spontaneous ICH was published in 2005.19

The 399-patient multicenter, randomized, double-blind,
placebo-controlled trial investigating the impact of rFVIIa on
hematoma growth and outcomes in acute ICH found that
rFVIIa effectively limited hematoma growth, reduced mortality
and improved functional outcomes in a dose-dependent manner
in ICH patients.19 Serious thromboembolic complications
including myocardial infarction and ischemic stroke occurred in
seven percent of rFVIIa-treated patients compared to two per-
cent of placebo patients (p=0.12). Unfortunately, the subsequent
phase III Recombinant Factor VIIa in Acute Intracerebral
Hemorrhage Trial (FAST) did not show a mortality or function-
al outcome benefit despite successful reduction of hematoma
growth. These results were presented at the American Academy
of Neurology Annual Meeting in Boston, Massachusetts in May
2007. Publication of the manuscript and full results of this study
is pending at of this writing.

The “spot sign” or contrast extravasation on CT angiography
has been found to be predictive of hematoma growth.20,21 An
NINDS-funded Trial, the STOP-IT Trial will study the use of

contrast extravasation on CT angiography to better determine
whether ICH patients may benefit from rFVIIa administration.

Anticoagulant-associated ICH. In ICH patients with an
underlying coagulopathy, either due to concomitant medical
conditions or due to medications, specific therapies are available
depending upon the primary disorder. Recent estimates suggest
that one in every five cases of ICH occur in patients receiving
warfarin.22,23 In these patients, current modalities to address the
coagulopathic state include administration of vitamin K, fresh
frozen plasma (FFP), and prothrombin complex concentrates
(PCC). Vitamin K should be administered since it does address
the effects of warfarin, but its onset of activity is far beyond the
early time window when it would have an impact on limiting
hematoma growth. Patients with elevated international normal-
ized ratio (INR >1.3) due to warfarin therapy should as such be
treated promptly with FFP. Time to initiation of FFP infusion
has been found to be highly predictive of normalization of INR
at 24 hours in warfarin-associated hemorrhages.24 Anticoagulated
ICH patients have a higher mortality than non-anticoagulated
patients and higher INR levels in anticoagulated patients have
been associated with worse outcomes.25

Hospitals without the ability to care for patients with war-
farin-associated ICH should not delay in the administration of
both vitamin K and FFP and should initiate such treatments
prior to the transfer of patients to the tertiary care centers if pos-
sible. Delaying this critical intervention may allow for further
hematoma growth and the associated worse outcomes. PCCs
require much smaller volume infusions than FFP and are
thought to act more rapidly in reversing anticoagulation from
warfarin than FFP and as such may result in less hematoma
growth in the setting of ICH.26-28 However, these products also
have an increased risk of thromboembolic events ranging from
superficial thrombophlebitis to deep venous thromboses, pul-
monary emboli, or disseminated intravascular coagulation.27,28

Thus, larger clinical trials are required before PCCs may be rec-
ommended for routine use in warfarin-associated ICH.

A lot of interest has been expressed for use of rFVIIa for war-
farin-associated ICH. In a study of seven patients with warfarin-
associated ICH, 15-90µg/kg of rFVIIa was given in addition to
standard therapy (FFP and vitamin K).29 While rapid normaliza-
tion of INR occurred, rebound increased INR developed and full
doses of FFP and vitamin K were still required. The rebound
phenomenon presumably occurred as a result of the short half-
life of rFVIIa (2.6 hours). Another study compared 13 patients
with warfarin-associated ICH treated with rFVIIa plus vitamin K
and FFP to 15 patients treated with vitamin K and FFP alone.30

A fourfold faster decrease in INR was found in the rFVIIa treat-
ed group compared to standard therapy. While rFVIIa may be a
potential therapy for warfarin-associated ICH, larger prospective
studies are needed and it remains an experimental therapy.
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Patients who develop an ICH while receiving heparin thera-
py should be treated promptly with protamine sulfate to reverse
the effects of heparinization. Note that treatment with this criti-
cal therapy does not require laboratory determination of PTT
but rather is based on the dose of heparin delivered to the
patient. For every 100 units of heparin per hour, 1mg of prota-
mine may be given. Protamine therapy should not be withheld
while awaiting the PTT. Patients on antiplatelet therapies may be
more difficult to treat due to the long half-life of some agents. In
addition to platelet administration, desmopressin (DDAVP) may
be given to improve platelet function and aggregation in the set-
ting of these agents. Patients with underlying coagulapathies due
to comorbidities such as liver disease, essential thrombocytope-
nia, hemophilia, and von Willebrand’s disease should be treated
with the appropriate replacement product, which addresses the
underlying condition. Failure to initiate these therapies specifi-
cally aimed at limiting hematoma growth may expose patients to
further bleeding and clinical deterioration. 

Blood Pressure Management. Blood pressure management
following acute ICH remains controversial. Some reports have
described adverse effects of blood pressure lowering in the setting
of acute ICH,31 while others suggest elevated blood pressure may
be associated with hematoma growth and poor outcomes.13-15,32

Closer analyses have found a U-shaped relationship between
admission blood pressure and outcomes in acute ICH and other
stroke subtypes,33,34 with poor outcomes at either extreme of
blood pressure values. Modest reductions in high arterial blood
pressure in acute ICH have been found to be associated with
improved outcomes,32 while autoregulation and CBF are main-
tained with a 15 percent decrease in mean arterial pressure in
patients with small to medium sized acute ICH.35 The retrospec-
tive study by Ohwaki et al. suggested that reducing systolic blood

pressure to 150mmHg may improve out-
comes in ICH.32 A small prospective study of
27 patients found that maintaining systolic
blood pressure below 160mmHg was safe in
ICH.36 

The 1999 AHA guidelines for treatment of
ICH recommended that mean arterial pres-
sure should be maintained below 130mmHg
and that antihypertensive medication should
be deferred for systolic blood pressure <180
and diastolic blood pressure <105mmHg.7

Given the incomplete but encouraging evi-
dence of the studies mentioned above, the
2007 guidelines recommended “aggressive”
blood pressure reduction for systolic blood
pressure >200mmHg or mean arterial pressure
>150mmHg; blood pressure reduction with a
goal CPP >60mmHg for systolic blood pres-

sure >180mmHg or mean arterial pressure >130mmHg in the
setting of increased ICP; or, a goal mean arterial pressure of
110mmHg or blood pressure of 160/90 for systolic blood pres-
sure >180mmHg or mean arterial pressure >130mmHg without
suspicion of increased ICP.8 Since the publication of the 2007
guidelines, two pilot trials have been completed and presented
that suggest these parameters are reasonable, although confirma-
tion in phase III studies is necessary.

The results of Antihypertensive Treatment in Acute Cerebral
Hemorrhage (ATACH) trial and the Intensive Blood Pressure
Reduction in Acute Cerebral Hemorrhage (INTERACT) pilot
study were presented at the International Stroke Conference in
New Orleans, LA in February 2008. ATACH was a three-dose-
tiered trial investigating reduction of systolic blood pressure to
170 to 200, 140 to 170, and 110 to 140mmHg. Twenty patients
were treated at each dose tier and preliminary results suggest this
level of blood pressure reduction may be safe in ICH. Planning
is underway for the large phase III multicenter trial. The goal of
the INTERACT study was to determine if lowering blood pres-
sure after ICH would decrease the chance of death or surviving
with a severe disability. Patients with spontaneous ICH present-
ing within six hours of onset and with two systolic blood pressure
readings ≥150 mmHg and ≤220 mmHg were enrolled. As pre-
sented in New Orleans, early aggressive blood pressure reduction
was associated with a non-significant decrease in the chances of
death or survival with a severe disability. Publication of full study
results and confirmation of this potentially practice altering study
in a phase III trial are required.

Surgical Management of ICH. At the time of publication of
the 1999 AHA guidelines, four small randomized trials of ICH
had been published, one of which was in the pre-CT era.
Recommendations for surgery at that time was limited to
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Figure 1. The ABC/2 formula can be used to
determine hematoma volume. In the figure
above, A and B are the largest perpendicular
diameters of the hematoma in centimeters, and
C is the number of vertical CT slices multiplied
by the slice thickness in cm.



patients with cerebellar hemorrhage >3cm and compression of
the brainstem and fourth ventricle, ICH due to structural
lesions, and young patients with moderate to large lobar ICH.7

By publication of the 2007 guidelines, two additional random-
ized trials of ICH with access to contemporary medical and sur-
gical technologies had been conducted, including the large ran-
domized prospective international multicenter Surgical Trial in
Intracerebral Haemorrhage (STICH) study.37 STICH random-
ized 1033 patients with supratentorial ICH within 72 hours of
onset to surgery or medical therapy. Patients were only random-
ized if the neurosurgeon was unsure if the patient would benefit
from surgery, and the operation had to occur within 96 hours of
symptom onset. 

The primary outcome measure was the Glasgow outcome
scale (GOS) score at six months, and secondary outcomes were
death, the Barthel Index, and the modified Rankin Scale at six
months. Overall, no benefit from surgery was found when com-
pared with initial medical management (26 percent versus 24
percent favorable outcome, p=0.41).37 Prespecified subgroup
analyses found that subjects with a GCS score of 9 to 12, those
with lobar hemorrhages, and those with clots <1cm from the cor-
tical surface as subjects with a non-significant trend for benefit
from surgery. The 2007 guidelines offer Class II recommenda-
tions for surgery as deemed necessary by care providers in
patients with superficial lobar ICH. STICH II is ongoing to con-
firm whether or not these patients would benefit from surgery. 

Small case series have reported advantages to stereotactic or
minimally invasive fibrinolysis and evacuation of ICH. The
Minimally Invasive Surgery Plus r-tPA for Intracerebral
Hemorrhage Evacuation (MISTIE) study is an NINDS-funded
ongoing randomized, open label, treatment trial evaluating the
safety of minimally invasive surgery with r-tPA infusion for clot
removal following ICH. The CLEAR IVH Trial is another ongo-
ing randomized trial whose primary focus is removal of intraven-
tricular hemorrhage with rt-PA via catheter within the ventricles.

Prevention
Prevention remains the ultimate goal for ICH. To that end, early
identification of at-risk individuals and intervention by achieving
adequate blood pressure control will have the largest impact on
ICH mortality. PN
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