








heme oxygenase-1 and inhibits hemoglobin-mediated glutamate
excitotoxicity and hypoxia inducible factor prolyl hydroxy-
lases.116–119 Further studies in this area are warranted, but no
current therapeutic recommendation can be made at present.

Procedures/Surgery
ICP Monitoring and Treatment
ICP monitoring is often performed in patients with ICH.
However, only very limited published data exist regarding the
frequency of elevated ICP and its management in patients
with ICH.120,121 There is evidence for differential pressure
gradients in at least some cases so that ICP may be elevated
in and around the hematoma but not distant from it.122

Because the usual causes of elevated ICP are hydrocephalus
from IVH or mass effect from the hematoma (or surrounding
edema), patients with small hematomas and limited IVH
usually will not require treatment to lower ICP.

ICP is measured using devices inserted into the brain
parenchyma, typically at the bedside. Fiberoptic technology
can be used in both types of devices. A ventricular catheter
(VC) inserted into the lateral ventricle allows for drainage of
cerebrospinal fluid, which can help reduce ICP in patients
with hydrocephalus. A parenchymal catheter ICP device is
inserted into the brain parenchyma and allows for monitoring
of ICP, but not cerebrospinal fluid drainage. The absence of
published studies showing that management of elevated ICP
impacts on ICH outcome makes the decision whether to
monitor and treat elevated ICP unclear. Risks associated with

ICP monitor insertion and use include infection and intracra-
nial hemorrhage. In general, the risk of hemorrhage or
infection is thought to be higher with VC than with paren-
chymal catheters, although data on these rates are not derived
from patients with ICH, but rather principally from those with
traumatic brain injury or aneurysmal subarachnoid hemor-
rhage. In a 1997 series of 108 intraparenchymal devices, the
rate of infection was 2.9% and the rate of intracranial
hemorrhage was 2.1% (15.3% in patients with coagulopa-
thies).123 A direct comparison of the complications associated
with each type of monitoring device was reported in a 1993 to
1997 series of 536 intracerebral monitoring devices (274 VCs,
229 intraparenchymal parenchymal catheters, and 33 other types
of devices) in which the overall rate of infection was 4% and the
overall rate of intracranial hemorrhage was 3%.124 Before
insertion of a monitoring device, the patient’s coagulation status
should be evaluated. Prior use of antiplatelet agents may justify
platelet transfusion before the procedure, and the use of warfarin
may require reversal of coagulopathy before placement. The
decision to use a VC or a parenchymal catheter device should be
based on the specific need to drain cerebrospinal fluid in patients
with hydrocephalus or trapped ventricle and the balance of
monitoring risks with the unknown utility of ICP management in
patients with ICH.

ICP treatment should be directed at the underlying cause,
especially if due to hydrocephalus or mass effect from the
hematoma. Because of limited data regarding ICP in ICH,
management principles for elevated ICP are borrowed from

Figure. Intracranial pressure treatment
algorithm. CPP indicates cerebral perfu-
sion pressure; CSF, cerebrospinal ßuid.
Adapted from Brain Trauma Foundation
Head Injury Guidelines.126 Copyright
2000, Brain Trauma Foundation.
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traumatic brain injury guidelines, which emphasize maintaining
a cerebral perfusion pressure of 50 to 70 mm Hg, depending on
the status of cerebral autoregulation125,126 (see Figure). ICH
patients with a GCS score of �8, those with clinical evidence of
transtentorial herniation, or those with significant IVH or hydro-
cephalus may be considered for ICP monitoring and treatment.

Numerous studies have assessed ventricular size and effects
of enlargement on ICH outcome.127–130 Among 902 patients
with follow-up data randomized into the international Surgical
Trial of Intracerebral Hemorrhage (STICH) trial of early hema-
toma evacuation, 377 had IVH and 208 of these had hydroceph-
alus (23% of all patients, 55% of those with IVH).131 Hydro-
cephalus predicted poor outcome in this study, as well as other
previous studies.127 Thus, hydrocephalus is an important cause
of ICH-related morbidity and mortality,1 and treatment should
be considered in patients with decreased level of consciousness.

Small case series have described the use of brain tissue
oxygen and cerebral microdialysis monitoring in patients
with ICH.132,133 Because of the small numbers of patients and
limited data, no recommendation can be made regarding the
use of these technologies at this time.

Recommendations
1. Patients with a GCS score of <8, those with clinical

evidence of transtentorial herniation, or those with
significant IVH or hydrocephalus might be consid-
ered for ICP monitoring and treatment. A cerebral
perfusion pressure of 50 to 70 mm Hg may be
reasonable to maintain depending on the status of
cerebral autoregulation (Class IIb; Level of Evi-
dence: C). (New recommendation)

2. Ventricular drainage as treatment for hydrocepha-
lus is reasonable in patients with decreased level of
consciousness (Class IIa; Level of Evidence: B). (New
recommendation)

Intraventricular Hemorrhage
IVH occurs in 45% of patients with spontaneous ICH.134 IVH
can be primary (confined to the ventricles) or secondary
(originating as an extension of an ICH). Most IVHs are
secondary and are related to hypertensive hemorrhages in-
volving the basal ganglia and the thalamus.134,135

Although inserting a VC should theoretically aid in drainage
of blood and cerebrospinal fluid from the ventricles, VC use
alone may be ineffective because of difficulty maintaining
catheter patency and the slow removal of intraventricular
blood.136 Thus there has been recent interest in the use of
thrombolytic agents as adjuncts to VC use in the setting of IVH.

Animal studies and clinical series reported that intraventricu-
lar administration of fibrinolytic agents, including urokinase,
streptokinase, and recombinant tissue-type plasminogen activa-
tor, in IVH may reduce morbidity and mortality by accelerating
blood clearance and clot lysis.137–142 Recently the Clot Lysis:
Evaluating Accelerated Resolution of IVH (CLEAR-IVH) Trial
prospectively evaluated the safety of open-label doses of intra-
ventricular recombinant tissue-type plasminogen activator in 52
IVH patients. Symptomatic bleeding occurred in 4% and bacte-
rial ventriculitis in 2%, and the 30-day mortality rate was
17%.143 The efficacy of this treatment requires confirmation
before its use can be recommended outside of a clinical trial.

Some reports suggest alternative procedures for IVH such
as endoscopic surgical evacuation and ventriculostomy,144–146

ventriculoperitoneal shunting,147 or lumbar drainage for hy-
drocephalus.148 Few data exist to support these strategies.

Recommendation
1. Although intraventricular administration of recom-

binant tissue-type plasminogen activator in IVH
appears to have a fairly low complication rate,
efficacy and safety of this treatment is uncertain and
is considered investigational (Class IIb; Level of
Evidence: B). (New recommendation)

Clot Removal

Surgical Treatment of ICH
The decision about whether and when to surgically remove
ICH remains controversial. The pathophysiology of brain
injury surrounding the hematoma is due to the mechanical
effects of the growing mass of blood as well as the subsequent
toxic effects of blood in the surrounding brain tissue. Early
surgery to limit the mechanical compression of brain and the
toxic effects of blood may limit injury, but the surgical risks
in a patient with ongoing bleeding may be greater. In
addition, operative removal of hemorrhage by craniotomy in
all but the most superficial hemorrhages involves cutting
through uninjured brain. Among the limitations of ICH surgical
trials is that young and middle-aged patients at risk of herniation
from large ICHs were unlikely to be randomized for treatment.
Recommendations for these patients are uncertain.

Craniotomy by Location of ICH
Most but not all149 of the randomized trials of surgery for ICH
excluded patients with cerebellar ICH, which comprises 10% to
15% of cases. Previous versions of these guidelines6 cited
nonrandomized studies showing that patients with cerebellar
ICH larger than 3 cm in diameter or those with brainstem
compression or hydrocephalus had good outcomes with surgery
to remove the hematoma, whereas similar patients managed
medically did poorly.150–155 If the hemorrhage is �3 cm in
diameter and there is no brainstem compression or hydroceph-
alus, reasonable outcomes may be achieved without surgery.
Even though randomized trials of cerebellar hematoma evacua-
tion have not been undertaken, the differences in outcome in the
earlier studies are such that clinical equipoise does not exist for
a trial. Furthermore, the use of a VC alone instead of immediate
cerebellar hematoma evacuation is generally considered insuffi-
cient and is not recommended, especially in patients with
compressed cisterns.155

The STICH trial found that patients with hematomas extend-
ing to within 1 cm of the cortical surface had a trend toward
more favorable outcome with surgery within 96 hours, although
this finding did not reach statistical significance (odds ratio,
0.69; 95% confidence interval, 0.47 to 1.01).156 Patients with
lobar hemorrhages and a GCS score of 9 to 12 also had a trend
toward better outcome. Because the benefit of surgery for
patients with superficial ICH was not statistically significant
after adjusting for multiple testing, the authors recommended
additional clinical trials to confirm this benefit.157
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By contrast, patients in the STICH study with an ICH �1
cm from the cortical surface or with a GCS score of �8
tended to do worse with surgical removal as compared with
medical management. Another study randomized 108 patients
with supratentorial subcortical or putaminal ICH �30 mL in
volume to craniotomy or medical management within 8 hours of
onset.158 Good outcome (good recovery or moderate disability
on the Glasgow Outcome Scale at 1 year) was significantly
better in those treated with surgery, but there was no difference
in overall survival. Other randomized trials have had too few
patients to determine outcomes in subgroups by location, ran-
domized only patients with deep ICH, or did not report these
results.159–161 Enthusiasm for surgical evacuation of thalamic
and pontine ICH has been limited.154,162,163

Minimally Invasive Surgical Removal of ICH
If the indications for surgical evacuation of intracerebral
hematomas are controversial, the means by which to achieve
this evacuation are even less well established. Several groups
have developed minimally invasive clot removal techniques.
These techniques tend to make use of stereotactic guidance
combined with either thrombolytic-enhanced or endoscopic-
enhanced aspiration. Both randomized trials of thrombolytic-
enhanced aspiration for subcortical ICH149,161,164 and
endoscopic-enhanced aspiration165–167 with or without ste-
reotaxis have reported increased clot removal and de-
creased mortality in those subjects treated surgically
within 12 to 72 hours, but improved functional outcome
has not been consistently demonstrated.

Timing of Surgery
One key issue has been the lack of consensus on the time frame
of what constitutes early surgery. Clinical studies have reported
a wide variability in the timing of surgery, ranging from within
4 hours up to 96 hours from the onset of symptoms to time of
operation.156,158,161,168 Such time variance among the studies has
made direct comparison and analysis of the impact of surgical
timing difficult. A retrospective Japanese series of surgical
removal of 100 putaminal ICHs within 7 hours of onset (60
within 3 hours) reported better than expected outcomes.169

However, subsequent randomized trials that treated subjects
within 12 hours of onset reported mixed results.158,161,168 An
increased risk of rebleeding was noted in the small trial of
subjects randomized within 4 hours of onset.170

Trials that randomized patients within 24 hours,171 48
hours,159,165 72 hours,149,160 and 96 hours156 have also demon-
strated no clear benefit for surgery as compared with initial
medical management except for improved outcome in the
subgroup of patients in the STICH trial with superficial ICH and
decreased mortality in those patients with subcortical hemor-
rhages treated with minimally invasive methods within 12 to 72
hours, as noted above.

Recommendations
1. For most patients with ICH, the usefulness of sur-

gery is uncertain (Class IIb; Level of Evidence: C).
(New recommendation) Specific exceptions to this
recommendation follow

2. Patients with cerebellar hemorrhage who are deteriorat-
ing neurologically or who have brainstem compression

and/or hydrocephalus from ventricular obstruction
should undergo surgical removal of the hemorrhage as
soon as possible (Class I; Level of Evidence: B). (Revised
from the previous guideline) Initial treatment of these
patients with ventricular drainage alone rather than
surgical evacuation is not recommended (Class III; Level
of Evidence: C). (New recommendation)

3. For patients presenting with lobar clots >30 mL and
within 1 cm of the surface, evacuation of supraten-
torial ICH by standard craniotomy might be consid-
ered (Class IIb; Level of Evidence: B). (Revised from
the previous guideline)

4. The effectiveness of minimally invasive clot evacua-
tion utilizing either stereotactic or endoscopic aspi-
ration with or without thrombolytic usage is uncer-
tain and is considered investigational (Class IIb;
Level of Evidence: B). (New recommendation)

5. Although theoretically attractive, no clear evidence at
present indicates that ultra-early removal of supraten-
torial ICH improves functional outcome or mortality
rate. Very early craniotomy may be harmful due to
increased risk of recurrent bleeding (Class III; Level of
Evidence: B). (Revised from the previous guideline)

Outcome Prediction and Withdrawal of
Technological Support

Many observational and epidemiological studies have identified a
wide range of factors that are predictive of outcome after acute ICH.
From these studies numerous outcome prediction models have been
developed for mortality and functional outcome. Features found in
most of these prediction models include individual patient charac-
teristics such as the score on the GCS or National Institutes of
Health Stroke Scale, age, hematoma volume and location, and the
presence and amount of IVH.12,172–180 No outcome prediction
model for ICH, however, has considered the impact of care
limitations such as do not resuscitate (DNR) orders or withdrawal of
technological support.

Most patients that die from ICH do so during the initial acute
hospitalization, and these deaths usually occur in the setting of
withdrawal of support due to presumed poor prognosis.181,182

Several studies, however, have now identified withdrawal of
medical support and other early care limitations, such as DNR
orders within the first day of hospitalization, as independent
outcome predictors.2,183,184 It is likely that current outcome
prediction models as well as more informal methods of early
prognostication after ICH are biased by the failure to account for
these care limitations. Concern has been raised that decisions by
physicians to limit care early after ICH are resulting in self-
fulfilling prophecies of poor outcome due to inaccurately pessi-
mistic prognostication and failure to provide initial aggressive
therapy in severely ill ICH patients who nonetheless still have
the possibility of favorable outcome.

Although a DNR order by definition means that no attempt
at resuscitation should be made in the event that a cardiopul-
monary arrest occurs, in practical use, when administered
early after ICH, it is a proxy for overall lack of aggres-
siveness of care.2 This implies that the overall aggressive-
ness of ICH care at a hospital may be critically important
in determining patients’ outcome, irrespective of specific
individual characteristics.2,83,185
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Although prognostication early after ICH may be desired
by physicians, patients, and families, it is currently based on
uncertain ground. Given this uncertainty and the potential for
self-fulfilling prophecies of poor outcome, great caution
should be undertaken in attempting precise prognostication
early after ICH, especially if the purpose is to consider
withdrawal of support or DNR orders.186 Thus, aggressive
guideline-concordant therapy is recommended for all ICH
patients who do not have advanced directives specifying that
this should not be undertaken. Care limitations such as DNR
orders or withdrawal of support should not be recommended
by treating physicians during the first few days after ICH.

Recommendation
1. Aggressive full care early after ICH onset and

postponement of new DNR orders until at least the
second full day of hospitalization is probably recom-
mended (Class IIa; Level of Evidence: B). Patients
with preexisting DNR orders are not included in this
recommendation. Current methods of prognostica-
tion in individual patients early after ICH are likely
biased by failure to account for the influence of
withdrawal of support and early DNR orders. Pa-
tients who are given DNR status at any point should
receive all other appropriate medical and surgical
interventions unless otherwise explicitly indicated.
(Revised from the previous guideline)

Prevention of Recurrent ICH
Population-based studies of survivors of a first hemorrhagic
stroke have identified rates of recurrent ICH of 2.1% to 3.7%
per patient-year,187,188 substantially higher than these individ-
uals’ rate of subsequent ischemic stroke.

The most consistently identified risk factor for recurrent ICH
is lobar location of the initial ICH.187,189 This finding likely
represents the association of cerebral amyloid angiopathy with
lobar location and increased recurrence.190,191 Hemorrhage in
locations characteristic of hypertensive vasculopathy, such as
basal ganglia, thalamus, or brainstem,192 also recur, but less
frequently. Other factors linked to ICH recurrence in some
studies include older age,188 post-ICH anticoagulation,188 previ-
ous hemorrhage before the presenting ICH,191 carriership of the
apolipoprotein E �2 or �4 alleles,191,193 and greater number of
microbleeds on T2*-weighted gradient-echo MRI.194

Hypertension is the most important currently modifiable risk
factor for prevention of ICH recurrence.195,196 The importance of
BP control was supported by data from the Perindopril Protec-
tion Against Recurrent Stroke Study (PROGRESS) showing that
subjects with cerebrovascular disease randomized to perindopril
plus optional indapamide had significantly lower risk of first
ICH (adjusted hazard ratio, 0.44; 95% confidence interval, 0.28
to 0.69) and a similar, though statistically insignificant, reduction
in recurrent ICH (adjusted hazard ratio, 0.37; 95% confidence
interval, 0.10 to 1.38).193 Notably, this reduction appeared to
apply to lobar as well as deep hemispheric ICH. Although
specific data on the optimal BP for reducing ICH recurrence are
not available, a reasonable target is a BP �140/90 (or �130/80
in the presence of diabetes or chronic kidney disease) as
suggested by the most recent report from the Joint National

Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure.197

Oral anticoagulation is associated with worse ICH out-
come198,199 and increased risk of recurrence,188 raising the
question of whether the benefits of anticoagulation for prevent-
ing thromboembolism outweigh its risks after initial ICH. For a
hypothetical 69-year-old man with nonvalvular atrial fibrillation
and prior lobar ICH, Markov modeling predicted that long-term
anticoagulation would shorten quality-adjusted survival because
of the high risk of recurrence after lobar ICH.200 The results for
anticoagulation after deep hemispheric ICH were less clear-cut
and varied depending on assumptions about risk of future
thromboembolism or ICH. The effects of antiplatelet agents on
ICH recurrence and severity appear to be substantially smaller
than for anticoagulation,16,62,189,201 suggesting that antiplatelet
treatment may be a safer alternative to anticoagulation after ICH.
Recently, the ACTIVE A (Atrial Fibrillation Clopidogrel Trial
with Irbesartan for Prevention of Vascular Events–Aspirin)
study reported on a randomized, double-blind study of the safety
and efficacy of adding clopidogrel 75 mg daily to aspirin 75 to
100 mg daily in patients with high-risk atrial fibrillation and a
contraindication to warfarin. Although previous ICH was listed
as one of the many reasons for study entry, the authors did not report
the proportion of subjects with previous ICH, and therefore the
study results may not directly apply to those with previous ICH.
Subjects who received clopidogrel added to aspirin had a 0.8% per
year absolute risk reduction of major vascular events at the cost of
0.7% per year increase in major bleeding events.202

The recent Stroke Prevention with Aggressive Reductions in
Cholesterol Levels (SPARCL) study found increased risk of
subsequent ICH (unadjusted hazard ratio, 1.68; 95% confidence
interval, 1.09 to 2.59) among subjects with prior stroke random-
ized to high-dose atorvastatin.203 It remains unclear whether this
effect outweighs the benefits of statin treatment in reducing ische-
mic cardiac and cerebral events in ICH survivors. Frequent alcohol
use (defined in the Greater Cincinnati/Northern Kentucky study as
�2 drinks per day) has been linked to increased ICH risk204 and is
therefore reasonable to avoid after ICH. Other behaviors, such as
physical exertion, sexual activity, or stress, have not been linked to
ICH,205 though little systematic data have been reported.

Recommendations
1. In situations where stratifying a patient’s risk of

recurrent ICH may affect other management deci-
sions, it is reasonable to consider the following risk
factors for recurrence: lobar location of the initial
ICH, older age, ongoing anticoagulation, presence of
the apolipoprotein E �2 or �4 alleles, and greater
number of microbleeds on MRI (Class IIa; Level of
Evidence: B). (New recommendation)

2. After the acute ICH period, absent medical contra-
indications, BP should be well controlled, particu-
larly for patients with ICH location typical of hyper-
tensive vasculopathy (Class I; Level of Evidence: A).
(New recommendation)

3. After the acute ICH period, a goal target of a normal
BP of <140/90 (<130/80 if diabetes or chronic
kidney disease) is reasonable (Class IIa; Level of
Evidence: B). (New recommendation)
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4. Avoidance of long-term anticoagulation as treatment
for nonvalvular atrial fibrillation is probably recom-
mended after spontaneous lobar ICH because of the
relatively high risk of recurrence (Class IIa; Level of
Evidence: B). Anticoagulation after nonlobar ICH
and antiplatelet therapy after all ICH might be
considered, particularly when there are definite in-
dications for these agents (Class IIb; Level of Evi-
dence: B). (Unchanged from the previous guideline)

5. Avoidance of heavy alcohol use can be beneficial
(Class IIa; Level of Evidence: B). There is insufficient
data to recommend restrictions on use of statin
agents or physical or sexual activity (Class IIb; Level
of Evidence: C). (New recommendation)

Rehabilitation and Recovery
Knowledge of differences in the natural history of recovery
patterns and prognosis for residual disability and functioning
between ICH and ischemic stroke is complicated by the
disproportionately lower rate of ICH compared with ischemic
stroke and the lumping of subarachnoid hemorrhage and ICH
together in many studies. There are also problems associated
with the insensitivity of many of the outcome measures used in
rehabilitation to allow detection of clinically meaningful differ-
ences between groups. Even so, there is some evidence that
patients with ICH make slightly greater and faster gains in
recovery206–208 compared with patients with ischemic stroke.

In general, recovery is more rapid in the first few weeks but
may continue for many months after ICH,208,209 with approxi-
mately half of all survivors remaining dependent on others for
activities of daily living.176 However, patients vary in their speed
and degree of recovery, and there is no hard rule regarding when
recovery is over. Cognition, mood, motivation, and social
support all influence recovery, and it is difficult to separate
intrinsic from adaptive recovery. A simple prognostic score
utilizing age, ICH volume and location, level of consciousness at
admission, and pre-ICH cognitive impairment has been shown
to predict independence at 90 days.176 Given that ICH is often
located in lobar regions and complicated by intraventricular
extension, some patients with specific cognitive deficits or
delayed recovery that is disproportionate to the size of the lesion
may require specialized therapy in rehabilitation.

The provision of stroke rehabilitation services has received
considerable attention in recent years. In part this represents a
need to tailor services to ensure optimal recovery for patients and
in part is due to fiscal pressures on costly health services. Given
strong evidence for the benefits of well-organized, multidisci-
plinary inpatient (stroke unit) care in terms of improved survival,
recovery, and returning home compared with conventional
nondedicated stroke wards,210 efforts have been made to extend
this service model of coordinated care into the community.
Specifically, early supported hospital discharge and home-based
rehabilitation programs have been shown to be cost-effective,210

whereas home-based therapy in stable patients has been shown
to produce comparable outcomes to conventional outpatient
rehabilitation.211 The success of these programs depends on
caregiver training and support. However, the likely configura-
tion of stroke rehabilitation services in any region will depend on
available resources and funding options. A key portion of

rehabilitation should include education for the patient and
caregiver regarding secondary stroke prevention and means to
achieve rehabilitation goals. Rehabilitation programs should
consider lifestyle changes, depression, and caregiver burden as
important issues to work on with the patient and caregivers.

Recommendations
1. Given the potentially serious nature and complex pat-

tern of evolving disability, it is reasonable that all
patients with ICH have access to multidisciplinary
rehabilitation (Class IIa; Level of Evidence: B). Where
possible, rehabilitation can be beneficial when begun as
early as possible and continued in the community as
part of a well-coordinated (seamless) program of ac-
celerated hospital discharge and home-based resettle-
ment to promote ongoing recovery (Class IIa; Level of
Evidence: B). (New recommendation)

Future Considerations
The future of ICH treatment centers on a cluster of targets.
The first is clearly prevention. Community-based projects to
reduce BP through healthy lifestyles and medication adher-
ence are likely to be quite successful in reducing ICH
incidence.212 Animal studies aimed at preventing cerebral
amyloid angiopathy show early promise.213,214

Once an ICH has occurred, efforts to mobilize communities to
facilitate prompt treatment are similar to efforts aimed at acute
ischemic stroke treatment.215 Advanced imaging currently may
identify patients with ongoing bleeding and provides a target for
improved patient selection for testing of hemostatic agents.28

Hemostatic agents’ efficacy must be clearly weighed against
potential arterial and venous thrombotic risk.

BP control theoretically may reduce hematoma growth
and/or reduce cerebral edema. Early studies suggest that a
randomized controlled BP-lowering study is feasible.79,81

Safety and efficacy remain to be shown in larger studies.
There is active research on interfering with oxidative injury

after ICH. Iron-chelating agents such as deferoxamine are being
studied in early-phase trials.107,115 Pathways that center around
hypoxia-inducible factors and prolyl hydroxylases offer other
potential targets for intervention centered around oxidative
stress.216 The role of microglia and macrophages in hematoma
resolution is getting more attention.217 Autophagy may be a cellular
process that could be altered to prevent ICH-related cell death.218

There are probably many factors that contribute to injury after
ICH, including mass effect, toxicity related to blood, and
displacement of underlying tissue. Seemingly, a simple solution
is hematoma removal. To date, however, surgery has not proved
to be the panacea for this condition. New efforts utilizing
minimally invasive surgical techniques that may remove blood’s
toxic and pressure effects while avoiding the damage caused by
more invasive procedures, as well as new treatments to dissolve and
drain intraventricular blood, are currently being studied.143,164

Priorities for ICH research have been published and reviewed
extensively.13 An aggressive, collaborative approach to both
basic and clinical research in this field is likely to promote the
highest yield. In the mean time, it is clear that our ability to
prognosticate about ICH is limited,184 and that aggressive care
now, and hope for the future, are both clearly indicated.

14 Stroke September 2010

 by on August 23, 2010 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


Disclosures

Writing Group Disclosures

Writing Group
Member Employment Research Grant

Other Research
Support

Speakers’
Bureau/Honoraria

Expert
Witness

Ownership
Interest

Consultant/Advisory
Board Other

Lewis B.
Morgenstern

University of
Michigan

NIH (R01 NS057127)
Consultant—Safety and

Tolerability of
Deferoxamine in Acute
Cerebral Hemorrhage
(generic study drug)*;

NINDS (U01 NS052510)
Co-I (Deferoxamine

therapy for
intracerebral

hemorrhage—animal
translational grant
examining generic

deferoxamine in ICH)†;
NIH (R01 NS38916)

PI—Brain Attack
Surveillance in Corpus
Christi (observational
study of stroke in a

biethnic community)†

None None None None None Medical adjudication
board member

Wyeth*

Craig Anderson George Institute,
Sydney,
Australia

The Australian National
Health & Medical
Research Council
(employer); Senior
Principal Research

Fellowship (632918);
Program Grant

(571281); Project Grant
(INTERACT 2

study—512402) †;
NINDS (IMSIII Trial 1
V01 NSO52220-02;

subaward SRS#19449
SAP-G100121-
1005817)†; FIA

(RO1NS39512 R-01-NS
36695)†

None Boehringer-Ingelheim*;
Servier*;

Sanofi-Aventis*

None None Boehringer-Ingelheim* None

Kyra Becker University of
Washington

None None None None None None None

Joseph P.
Broderick

University of
Cincinnati

NINDS R-01 NS36695
(Genetic and

Environmental Risk
Factors for Hemorrhagic

Stroke—Co-
Investigator)†;

NIH/NINDS (P50
SPOTRIAS

NS44283—PI of PPG)†

Novo
Nordisk-
supplies-

Factor VIIa for
NINDS-funded
STOP-IT trial*

None None None None None

E. Sander
Connolly, Jr

Columbia
University

None None None None None None None

Steven M.
Greenberg

Massachusetts
General Hospital

NIH (R01 NS057127,
Consultant)—Safety
and Tolerability of

Deferoxamine in Acute
Cerebral Hemorrhage
(generic study drug)†

None None None None None None

J. Claude
Hemphill III

University of
California at San

Francisco

NIH/NINDS; U10
NS058931 (PI)†;

(SF-NET: San Francisco
Neurological

Emergencies Trials
Network—national

network for phase III
clinical trials—no

current ICH trials); Novo
Nordisk (PI)†

None None None None Novo Nordisk* None

(Continued)

Morgenstern et al Intracerebral Hemorrhage Guideline 15

 by on August 23, 2010 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


Writing Group Disclosures Continued

Writing Group
Member Employment Research Grant

Other Research
Support

Speakers’
Bureau/Honoraria

Expert
Witness

Ownership
Interest

Consultant/Advisory
Board Other

James N.
Huang

University of
California at San

Francisco

None Prospective
Advate ITI

Registry (PAIR)
Study sponsored
by Baxter (Local

PI—UCSF)*

None None None None None

R. Loch
Macdonald

University of
Toronto

Physicians Services,
Inc. Foundation Grant

for study of
subarachnoid
hemorrhage†

None None None Edge
Therapeutics*

Actelion
Pharmaceuticals (study

of subarachnoid
hemorrhage)*

None

Steven R.
Messé

University of
Pennsylvania

None None Boehringer-Ingelheim* None None None None

Pamela H.
Mitchell

University of
Washington

None None None None None None None

Magdy Selim Beth Israel NIH (R01
NS057127)—Safety
and Tolerability of

Deferoxamine in Acute
Cerebral Hemorrhage
(generic study drug)†

None None None None None None

Rafael J.
Tamargo

Johns Hopkins
University

None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person
receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share
of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the
preceding definition.

*Modest.
†Significant.

Reviewer Disclosures

Reviewer Employment Research Grant

Other
Research
Support

Speakers’
Bureau/Honoraria

Expert
Witness

Ownership
Interest

Consultant/Advisory
Board Other

Tamilyn Bakas Indiana University
Purdue University

Indianapolis

None None None None None None None

John Cole University of
Maryland

None None None None None None None

Matthew
Flaherty

University of
Cincinnati

Academic Health
Center

None None None None None None None

Karen C.
Johnston

University of
Virginia

NIH-NINDS R01 NS050192 -
GRASP trial†

None Multiple grand rounds,
national talks on

stroke*

None None Diffussion Pharmaceuticals,
Inc.*; Remedy

Pharmaceuticals, Inc.*

AAN as associate
editor of neurology

through July
2009†

Christina
Stewart-Amidei

University of
Central Florida

None None None None None None None

Greg Zipfel Washington
University

None None None None None None None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

16 Stroke September 2010

 by on August 23, 2010 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


References
1. Zahuranec DB, Gonzales NR, Brown DL, Lisabeth LD, Longwell PJ,

Eden SV, Smith MA, Garcia NM, Hoff JT, Morgenstern LB. Presenta-
tion of intracerebral haemorrhage in a community. J Neurol Neurosurg
Psychiatry. 2006;77:340–344.

2. Hemphill JC 3rd, Newman J, Zhao S, Johnston SC. Hospital usage of
early do-not-resuscitate orders and outcome after intracerebral hemor-
rhage. Stroke. 2004;35:1130–1134.

3. Flaherty ML, Woo D, Haverbusch M, Sekar P, Khoury J, Sauerbeck L,
Moomaw CJ, Schneider A, Kissela B, Kleindorfer D, Broderick JP.
Racial variations in location and risk of intracerebral hemorrhage.
Stroke. 2005;36:934–937.

4. Sacco S, Marini C, Toni D, Olivieri L, Carolei A. Incidence and 10-year
survival of intracerebral hemorrhage in a population-based registry.
Stroke. 2009;40:394–399.

5. Roach ES, Golomb MR, Adams R, Biller J, Daniels S, Deveber G,
Ferriero D, Jones BV, Kirkham FJ, Scott RM, Smith ER. Management
of stroke in infants and children: a scientific statement from a Special
Writing Group of the American Heart Association Stroke Council and
the Council on Cardiovascular Disease in the Young. Stroke. 2008;39:
2644–2691.

6. Broderick J, Connolly S, Feldmann E, Hanley D, Kase C, Krieger D,
Mayberg M, Morgenstern L, Ogilvy CS, Vespa P, Zuccarello M.
Guidelines for the management of spontaneous intracerebral hemor-
rhage in adults: 2007 update: a guideline from the American Heart
Association/American Stroke Association Stroke Council, High Blood
Pressure Research Council, and the Quality of Care and Outcomes in
Research Interdisciplinary Working Group. Stroke. 2007;38:2001–2023.

7. Moon JS, Janjua N, Ahmed S, Kirmani JF, Harris-Lane P, Jacob M,
Ezzeddine MA, Qureshi AI. Prehospital neurologic deterioration in
patients with intracerebral hemorrhage. Crit Care Med. 2008;36:
172–175.

8. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L,
Spilker J, Duldner J, Khoury J. Early hemorrhage growth in patients
with intracerebral hemorrhage. Stroke. 1997;28:1–5.

9. Abdullah AR, Smith EE, Biddinger PD, Kalenderian D, Schwamm LH.
Advance hospital notification by EMS in acute stroke is associated with
shorter door-to-computed tomography time and increased likelihood of
administration of tissue-plasminogen activator. Prehosp Emerg Care.
2008;12:426–431.
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intracerebral and subarachnoid haemorrhage in southern Sweden.
J Neurol Neurosurg Psychiatry. 2000;69:601–607.

36. Flaherty ML, Kissela B, Woo D, Kleindorfer D, Alwell K, Sekar P,
Moomaw CJ, Haverbusch M, Broderick JP. The increasing incidence of
anticoagulant-associated intracerebral hemorrhage. Neurology. 2007;68:
116–121.

37. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G;
American College of Chest Physicians. Pharmacology and management
of the vitamin K antagonists: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;
133(suppl):160S–198S.

38. Hanley JP. Warfarin reversal. J Clin Pathol. 2004;57:1132–1139.
39. Hung A, Singh S, Tait RC. A prospective randomized study to determine

the optimal dose of intravenous vitamin K in reversal of over-
warfarinization. Br J Haematol. 2000;109:537–539.

40. Lubetsky A, Yonath H, Olchovsky D, Loebstein R, Halkin H, Ezra D.
Comparison of oral vs intravenous phytonadione (vitamin K1) in

Morgenstern et al Intracerebral Hemorrhage Guideline 17

 by on August 23, 2010 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


patients with excessive anticoagulation: a prospective randomized con-
trolled study. Arch Intern Med. 2003;163:2469–2473.

41. Watson HG, Baglin T, Laidlaw SL, Makris M, Preston FE. A com-
parison of the efficacy and rate of response to oral and intravenous
Vitamin K in reversal of over-anticoagulation with warfarin. Br J
Haematol. 2001;115:145–149.

42. Goldstein JN, Thomas SH, Frontiero V, Joseph A, Engel C, Snider R,
Smith EE, Greenberg SM, Rosand J. Timing of fresh frozen plasma
administration and rapid correction of coagulopathy in warfarin-related
intracerebral hemorrhage. Stroke. 2006;37:151–155.

43. Leissinger CA, Blatt PM, Hoots WK, Ewenstein B. Role of prothrombin
complex concentrates in reversing warfarin anticoagulation: a review of
the literature. Am J Hematol. 2008;83:137–143.

44. Pabinger I, Brenner B, Kalina U, Knaub S, Nagy A, Ostermann H;
Beriplex P/N Anticoagulation Reversal Study Group. Prothrombin
complex concentrate (Beriplex P/N) for emergency anticoagulation
reversal: a prospective multinational clinical trial. J Thromb Haemost.
2008;6:622–631.

45. Riess HB, Meier-Hellmann A, Motsch J, Elias M, Kursten FW, Dempfle
CE. Prothrombin complex concentrate (Octaplex) in patients requiring
immediate reversal of oral anticoagulation. Thromb Res. 2007;
121:9–16.

46. Fredriksson K, Norrving B, Strömblad LG. Emergency reversal of
anticoagulation after intracerebral hemorrhage. Stroke. 1992;23:
972–977.

47. Cartmill M, Dolan G, Byrne JL, Byrne PO. Prothrombin complex
concentrate for oral anticoagulant reversal in neurosurgical emergencies.
Br J Neurosurg. 2000;14:458–461.

48. Sjöblom L, Hårdemark HG, Lindgren A, Norrving B, Fahlén M, Sam-
uelsson M, Stigendal L, Stockelberg D, Taghavi A, Wallrup L, Wallvik
J. Management and prognostic features of intracerebral hemorrhage
during anticoagulant therapy: a Swedish multicenter study. Stroke. 2001;
32:2567–2574.

49. Boulis NM, Bobek MP, Schmaier A, Hoff JT. Use of factor IX complex
in warfarin-related intracranial hemorrhage. Neurosurgery. 1999;45:
1113–1118.

50. Baglin TP, Keeling DM, Watson HG; British Committee for Standards
in Haematology. Guidelines on oral anticoagulation (warfarin): third
edition: 2005 update. Br J Haematol. 2006;132:277–285.

51. Baker RI, Coughlin PB, Gallus AS, Harper PL, Salem HH, Wood EM;
Warfarin Reversal Consensus Group. Warfarin reversal: consensus
guidelines, on behalf of the Australasian Society of Thromb Haemost.
Med J Aust. 2004;181:492–497.

52. Steiner T, Kaste M, Forsting M, Mendelow D, Kwiecinski H, Szikora I,
Juvela S, Marchel A, Chapot R, Cognard C, Unterberg A, Hacke W.
Recommendations for the management of intracranial haemorrhage: part
I: spontaneous intracerebral haemorrhage: the European Stroke Initiative
Writing Committee and the Writing Committee for the EUSI Executive
Committee. Cerebrovasc Dis. 2006;22:294–316.

53. Lin J, Hanigan WC, Tarantino M, Wang J. The use of recombinant
activated factor VII to reverse warfarin-induced anticoagulation in
patients with hemorrhages in the central nervous system: preliminary
findings. J Neurosurg. 2003;98:737–740.

54. Veshchev I, Elran H, Salame K. Recombinant coagulation factor VIIa
for rapid preoperative correction of warfarin-related coagulopathy in
patients with acute subdural hematoma. Med Sci Monit. 2002;8:
CS98–CS100.

55. Sørensen B, Johansen P, Nielsen GL, Sørensen JC, Ingerslev J. Reversal
of the International Normalized Ratio with recombinant activated factor
VII in central nervous system bleeding during warfarin thrombopro-
phylaxis: clinical and biochemical aspects. Blood Coagul Fibrinolysis.
2003;14:469–477.

56. Freeman WD, Brott TG, Barrett KM, Castillo PR, Deen HG Jr,
Czervionke LF, Meschia JF. Recombinant factor VIIa for rapid reversal
of warfarin anticoagulation in acute intracranial hemorrhage. Mayo Clin
Proc. 2004;79:1495–1500.

57. Ilyas C, Beyer GM, Dutton RP, Scalea TM, Hess JR. Recombinant
factor VIIa for warfarin-associated intracranial bleeding. J Clin Anesth.
2008;20:276–279.

58. Tanaka KA, Szlam F, Dickneite G, Levy JH. Effects of prothrombin
complex concentrate and recombinant activated factor VII on vitamin K
antagonist induced anticoagulation. Thromb Res. 2008;122:117–123.

59. Rosovsky RP, Crowther MA. What Is the Evidence for the Off-label Use
of Recombinant Factor VIIa (rFVIIa) in the Acute Reversal of Warfarin?
Hematology Am Soc Hematol Educ Program. 2008:36–38.

60. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,
Skolnick BE, Steiner T; Recombinant Activated Factor VII Intracerebral
Hemorrhage Trial Investigators. Recombinant activated factor VII for
acute intracerebral hemorrhage. N Engl J Med. 2005;352:777–785.

61. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN,
Skolnick BE, Steiner T; FAST Trial Investigators. Efficacy and safety of
recombinant activated factor VII for acute intracerebral hemorrhage.
N Engl J Med. 2008;358:2127–2137.

62. Sansing LH, Messe SR, Cucchiara BL, Cohen SN, Lyden PD, Kasner
SE; CHANT Investigators. Prior antiplatelet use does not affect hem-
orrhage growth or outcome after ICH. Neurology. 2009;72:1397–1402.

63. Naidech AM, Jovanovic B, Liebling S, Garg RK, Bassin SL, Bendok
BR, Bernstein RA, Alberts MJ, Batjer HH. Reduced platelet activity is
associated with early clot growth and worse 3-month outcome after
intracerebral hemorrhage. Stroke. 2009;40:2398–2401.

64. Naidech AM, Bernstein RA, Levasseur K, Bassin SL, Bendok BR,
Batjer HH, Bleck TP, Alberts MJ. Platelet activity and outcome after
intracerebral hemorrhage. Ann Neurol. 2009;65:352–356.

65. Gregory PC, Kuhlemeier KV. Prevalence of venous thromboembolism
in acute hemorrhagic and thromboembolic stroke. Am J Phys Med
Rehabil. 2003;82:364–369.

66. Kawase K, Okazaki S, Toyoda K, Toratani N, Yoshimura S, Kawano H,
Nagatsuka K, Matsuo H, Naritomi H, Minematsu K. Sex difference in
the prevalence of deep-vein thrombosis in Japanese patients with acute
intracerebral hemorrhage. Cerebrovasc Dis. 2009;27:313–319.

67. Christensen MC, Dawson J, Vincent C. Risk of thromboembolic com-
plications after intracerebral hemorrhage according to ethnicity. Adv
Ther. 2008;25:831–841.

68. Lacut K, Bressollette L, Le Gal G, Etienne E, De Tinteniac A, Renault
A, Rouhart F, Besson G, Garcia JF, Mottier D, Oger E; VICTORIAh
(Venous Intermittent Compression and Thrombosis Occurrence Related
to Intra-cerebral Acute hemorrhage) Investigators. Prevention of venous
thrombosis in patients with acute intracerebral hemorrhage. Neurology.
2005;65:865–869.

69. CLOTS Trials Collaboration, Dennis M, Sandercock PA, Reid J,
Graham C, Murray G, Venables G, Rudd A, Bowler G. Effectiveness of
thigh-length graduated compression stockings to reduce the risk of deep
vein thrombosis after stroke (CLOTS trial 1): a multicentre, randomised
controlled trial. Lancet. 2009;373:1958–1965.

70. Boeer A, Voth E, Henze T, Prange HW. Early heparin therapy
in patients with spontaneous intracerebral haemorrhage. J Neurol
Neurosurg Psychiatry. 1991;54:466 – 467.

71. Dickmann U, Voth E, Schicha H, Henze T, Prange H, Emrich D.
Heparin therapy, deep-vein thrombosis and pulmonary embolism after
intracerebral hemorrhage. Klin Wochenschr. 1988;66:1182–1183.

72. Qureshi AI, Ezzeddine MA, Nasar A, Suri MF, Kirmani JF, Hussein
HM, Divani AA, Reddi AS. Prevalence of elevated blood pressure in
563,704 adult patients with stroke presenting to the ED in the United
States. Am J Emerg Med. 2007;25:32–38.

73. Zhang Y, Reilly KH, Tong W, Xu T, Chen J, Bazzano LA, Qiao D, Ju
Z, Chen CS, He J. Blood pressure and clinical outcome among patients
with acute stroke in Inner Mongolia, China. J Hypertens. 2008;26:
1446–1452.

74. Jauch EC, Lindsell CJ, Adeoye O, Khoury J, Barsan W, Broderick J,
Pancioli A, Brott T. Lack of evidence for an association between
hemodynamic variables and hematoma growth in spontaneous intrace-
rebral hemorrhage. Stroke. 2006;37:2061–2065.

75. Willmot M, Leonardi-Bee J, Bath PM. High blood pressure in acute
stroke and subsequent outcome: a systematic review. Hypertension.
2004;43:18–24.

76. Leonardi-Bee J, Bath PM, Phillips SJ, Sandercock PA; IST Collabo-
rative Group. Blood pressure and clinical outcomes in the International
Stroke Trial. Stroke. 2002;33:1315–1320.

77. Vemmos KN, Tsivgoulis G, Spengos K, Zakopoulos N, Synetos A,
Manios E, Konstantopoulou P, Mavrikakis M. U-shaped relationship
between mortality and admission blood pressure in patients with acute
stroke. J Intern Med. 2004;255:257–265.

78. Zazulia AR, Diringer MN, Videen TO, Adams RE, Yundt K, Aiyagari
V, Grubb RL Jr, Powers WJ. Hypoperfusion without ischemia sur-
rounding acute intracerebral hemorrhage. J Cereb Blood Flow Metab.
2001;21:804–810.

79. Anderson CS, Huang Y, Wang JG, Arima H, Neal B, Peng B, Heeley E,
Skulina C, Parsons MW, Kim JS, Tao QL, Li YC, Jiang JD, Tai LW,
Zhang JL, Xu E, Cheng Y, Heritier S, Morgenstern LB, Chalmers J;
INTERACT Investigators. Intensive blood pressure reduction in acute

18 Stroke September 2010

 by on August 23, 2010 stroke.ahajournals.orgDownloaded from 

http://stroke.ahajournals.org


cerebral haemorrhage trial (INTERACT): a randomised pilot trial.
Lancet Neurol. 2008;7:391–399.

80. Broderick JP, Adams HP Jr, Barsan W, Feinberg W, Feldmann E, Grotta
J, Kase C, Krieger D, Mayberg M, Tilley B, Zabramski JM, Zuccarello
M. Guidelines for the management of spontaneous intracerebral hem-
orrhage: a statement for healthcare professionals from a special writing
group of the Stroke Council, American Heart Association. Stroke. 1999;
30:905–915.

81. Qureshi AI. Antihypertensive Treatment of Acute Cerebral Hemorrhage
(ATACH): rationale and design. Neurocritical Care. 2007;6:56–66.

82. Qureshi A. Antihypertensive treatment of acute cerebral hemorrhage
(ATACH) trial. Presented at the International Stroke Conference, New
Orleans, La, February 20–22, 2008.

83. Diringer MN, Edwards DF. Admission to a neurologic/neurosurgical
intensive care unit is associated with reduced mortality rate after intra-
cerebral hemorrhage. Crit Care Med. 2001;29:635–640.

84. Estabrooks CA, Midodzi WK, Cummings GG, Ricker KL, Giovannetti
P. The impact of hospital nursing characteristics on 30-day mortality.
Nurs Res. 2005;54:74–84.

85. Fogelholm R, Murros K, Rissanen A, Avikainen S. Admission blood
glucose and short term survival in primary intracerebral haemorrhage: a
population based study. J Neurol Neurosurg Psychiatry. 2005;76:
349–353.

86. Kimura K, Iguchi Y, Inoue T, Shibazaki K, Matsumoto N, Kobayashi K,
Yamashita S. Hyperglycemia independently increases the risk of early
death in acute spontaneous intracerebral hemorrhage. J Neurol Sci.
2007;255:90–94.

87. Passero S, Ciacci G, Ulivelli M. The influence of diabetes and hyper-
glycemia on clinical course after intracerebral hemorrhage. Neurology.
2003;61:1351–1356.

88. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F,
Schetz M, Vlasselaers D, Ferdinande P, Lauwers P, Bouillon R.
Intensive insulin therapy in the critically ill patients. N Engl J Med.
2001;345:1359–1367.

89. Oddo M, Schmidt JM, Carrera E, Badjatia N, Connolly ES, Presciutti M,
Ostapkovich ND, Levine JM, Le Roux P, Mayer SA. Impact of tight
glycemic control on cerebral glucose metabolism after severe brain
injury: a microdialysis study. Crit Care Med. 2008;36:3233–3238.

90. Vespa P, Boonyaputthikul R, McArthur DL, Miller C, Etchepare M,
Bergsneider M, Glenn T, Martin N, Hovda D. Intensive insulin therapy
reduces microdialysis glucose values without altering glucose utilization
or improving the lactate/pyruvate ratio after traumatic brain injury. Crit
Care Med. 2006;34:850–856.

91. Vespa PM. Intensive glycemic control in traumatic brain injury: what is
the ideal glucose range? Crit Care. 2008;12:175.

92. NICE-SUGAR Study Investigators, Finfer S, Chittock DR, Su SY, Blair
D, Foster D, Dhingra V, Bellomo R, Cook D, Dodek P, Henderson WR,
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