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The second Intensive Blood Pressure Reduction in
Acute Cerebral Hemorrhage Trial (INTERACT II)!
randomized 2,839 patients with intracerebral hemor-
rhage (ICH) within 6 h of symptom onset to intensive
systolic blood pressure (SBP) reduction, with a target of
<140 mm Hg within 1 h, or guideline-recommended
SBP reduction, with a target of <180 mm Hg using a
variety of antihypertensive medications. The primary
outcome was death or major disability defined by a
score of 3—6 on the modified Rankin scale (mRS) at 3
months post-randomization. The proportion of subjects
with death or major disability was 719 of 1,382 (52%) in
the group randomized to receive intensive BP reduction
compared with 785 of 1,412 (55.6%) in the group
randomized to receive guideline-recommended treat-
ment (odds ratio [OR] with intensive treatment, 0.87;
95% confidence interval [CI], 0.75-1.01; p = 0.06). In
the secondary analysis, mRS grades were analyzed as an
ordinal scale, which detected significantly lower mRS
scores in subjects randomized to intensive SBP reduc-
tion (common OR, 0.87; 95% CI, 0.77-1.00; p = 0.04).

After the publication, the Antihypertensive Treatment of
Acute Cerebral Hemorrhage (ATACH) II investigators’
prepared a report for its Data and Safety Monitoring
Board to determine implications of INTERACT II on
current practice and on ATACH I trial design and con-
duct (Table 1).

Patient selection

In general, INTERACT II used broad criteria for defin-
ing the target population which resulted in relatively fast
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patient enrollment but increased the variability in patient
population and response to treatment. Certain criteria
that raised specific concerns are also discussed below:

Inclusion of patients with only moderate
hypertension at baseline

Patients with at least two SBP measurements of >150
and <220 mm Hg recorded at least 2 min apart were eli-
gible. The relationship between acute hypertensive
response and hematoma enlargement? and mortality? is
most evident in patients with initial SBP >200 mm Hg.
In one study, the mortality rate was 44% in patients with
ICH and initial SBP >196 mm Hg group compared with
18% in those with <196 mm Hg.? SBP >200 mm Hg
was seen in 46% and 26% of patients with or without
hematoma enlargement in another study.?2 SBP on
admission of >200 mm Hg predisposed subjects to
enlargement in multivariate analysis. The INTERACT I
trial* reported that initial SBP >181 mm Hg was
observed in 47% of the 404 patients recruited and early
intensive BP reduction resulted in the most prominent
reduction in hematoma expansion in this group of ICH
patients.

Therefore, inclusion of patients with relatively low SBP
may have predispose the overall study sample to have
low rates of hematoma enlargement and mortality (ceil-
ing effect) making it difficult to discern the beneficial
effect of intensive SBP reduction. The mean SBP was
179 £ 17 mm Hg among subjects recruited in the
INTRERACT II. A total of 1,488 of 2,839 (52%) sub-
jects were randomized with initial SBP <180 mm Hg.

*Correspondence to: Adnan I Qureshi, Department of Cerebrovascular Diseases and Interventional Neurology, CentraCare Health System, 1406
6th Ave N, St. Cloud, MN 56303, USA, Tel: +1 320 281 5545, Fax: +1 (320) 281 5547, qureshai@gmail.com
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Table 1. Differences between INTERACT Il and ATACH Il with regard to addressing common issues in tri-

als involving patients with ICH

Trial design issues

INTERACT Il design

ATACH I design

Frequent transient or moderate elevation in SBP in
subjects with ICH

Short time window for preventing hematoma expan-
sion

Very high likelihood of death within 24 h in patients
with high severity

Surgical evacuation of ICH may confound the effect
of trial intervention

High rate of hematoma expansion associated with
anticoagulant related ICHs

Imbalance between treatment groups for known fac-
tors that influence prognosis or treatment responsive-
ness

Heterogeneity of IV antihypertensive treatment can
reduce effectiveness of SBP lowering and effect ICP

Effect of intensive SBP reduction post-24 h independ-
ent of hematoma expansion

Time to achieve therapeutic goals important for bene-
fit

Heterogeneity in intensity of medical care in subjects
between sites can affect the rates of death and disabil-
ity

Definition of primary outcome easy to interpret with
direct clinical relevance

Ascertainment of safety or adverse events with deter-
mination of causal effect of trial intervention

Large magnitude of benefit of trial intervention
required to change clinical practices

Inclusion of patients with initial SBP
of 150 mm Hg or greater

Inclusion and treatment of patients
with symptom onset of 6 h or less
Investigator judgment

Investigator judgment

Included with INR correction based on
investigator discretion

Large sample size; sensitivity analyses
after adjusting for potential confound-
ers

Several BP-lowering protocols using
urapidil, labetolol, hydralazine, meto-
prolol, and nicardipine

A SBP level of <140 mm maintained
for the next 7 days in intensive SBP
reduction group

33% reaching therapeutic goals within
1 h in those allocated to intensive SBP
reduction

Not addressed

A dichotomous outcome mRS score of
0-2 versus 3—-6
Investigator judgment

Absolute risk reduction anticipated
>7%; actual 3.6%

Inclusion of patients with initial SBP of 180 mm Hg or
greater; exclusion of patients with spontaneous reduc-
tion in SBP prior to randomization

Inclusion and treatment of patients with symptom onset
of 4.5 h or less

Exclusion of patients with parenchymal hematoma vol-
ume<60 cc, large amount of IVH, or pontine ICHs
Exclusion of cerebellar hemorrhages and those in
whom surgery is indicated at time of randomization
Included but require INR correction to value <1.5 prior
to randomization using prothrombin complex concen-
trate

Post-randomization adjusted analyses (adjusted for
GCS score, IVH, and hematoma volume)

Single agent—IV nicardipine, in all patients

The SBP goals after first 24 h same in both treatment
groups

ATACH I suggested that 90% of subjects can reach
therapeutic goals within 2 h. Interim monitoring in
ATACH II demonstrates similar observation
Review of patient care profile at each site by IOC

A dichotomous outcome mRS score of 0-3 versus 4-6
Review by IOC regarding relationship to treatment

intervention and intensity of medical care
Absolute risk reduction anticipated >10%

ICH: intracerebral hemorrhage, SBP: systolic blood pressure, INR: international normalized ratio, IVH: intraventricular hemorrhage, IOC: independent

oversight committee, mRS: modified Rankin scale.

Only 1,873 of 2,839 (66%) subjects received any IV
antihypertensive medication; 10% and 57% of subjects
randomized to intensive or standard SBP reductions,
respectively, did not receive any IV antihypertensive
medication. Therefore, in almost a third of patients, the
SBP profile was a consequence of spontancous SBP
change and not of actual pharmacological SBP reduc-
tion. The risk benefit profile associated with spontane-
ous reduction of SBP may be due to different pharmaco-
logical reduction in SBP.

Inclusion of patients with symptom onset 24 h

INTERACT 1I recruited subjects who are in whom ran-
domly assigned BP-lowering regimen could be com-
menced within 6 h of symptom onset. The first 4 h rep-
resents the time interval for maximum rates of hema-
toma expansion. As the hypothesized mechanism of
improved outcome after SBP reduction is attenuation of
hematoma expansion, inclusion of patients beyond 4 h
may dilute any treatment effect, as many of these
patients will have already experienced hematoma expan-
sion or are at very low risk for growth.” An estimated
1,173 of 2,839 (41%) were randomized >4 h after symp-
tom onset. The median time from symptom onset to start

of treatment was 4 h (interquartile range [IQR] 2.9-5.1
h) and 4.5 h (IQR 3.0-7.0 h) in subjects randomized to
intensive SBP and standard SBP reductions, respec-
tively. The beneficial effect of rFVIla (recombinant fac-
tor VIIa) or intensive SBP reduction in ameliorating
hematoma expansion was at maximum in patients
recruited within 2.5 h® or within 3.1 h4 in Factor Seven
for Acute Hemorrhagic Stroke Trial (FAST) and
INTERACT 1 trials, respectively. Among the subjects
recruited in the ATACH I trial,” SBP reduction of >60
mm Hg prominently reduced rates of hematoma expan-
sion, relative edema expansion, and death and disability
in ICH subjects treated within 3.1 h and those treated
within 4.5 h.2 However, such reduction was not
observed in subjects treated within the 6-h time window.

Lack of inclusion criteria based on hematoma
volume

Patients with a very high likelihood of death within the
next 24 h on the basis of clinical and/or radiological cri-
teria (e.g., massive hematoma with a mid-line shift of
the hemisphere or deep coma on presentation, defined
by Glasgow Coma Scale [GCS] score of 3-5) were
excluded from INTERACT II. The median hematoma
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volume in intensive SBP-lowering group and standard
SBP-lowering group was similar (11 ml with IQR of 6—
19 ml versus 11 ml with IQR 6-20 ml). An estimated
1,980 of 2,839 (70%) patients had a hematoma volume
of <15 ml. According to the median hematoma volumes
observed in INTRERACT 11, patients with large hema-
toma volume were not included in the trial based on
investigator judgment. The FAST subgroup analysis6
suggested that if patients aged <70 years, with baseline
hematoma <60 ml and baseline IVH volume <5 ml, and
with time to onset <2.5 h were selected, the OR for poor
outcome at 90 days decreased to 0.28 (95% CI 0.08—
1.06) with rFVIIa treatment. To avoid variation between
investigators identifying patients who have a low chance
of successful outcome, ATACH I and II exclude patients
with large hematomas (greater than >60 cc).

Trial intervention

The INTERACT II and ATACH 1I trials differ with
respect to intervention and overall patient management.’

Heterogeneity of IV antihypertensive treatment

In INTERACT II, at each site, a standardized, incremen-
tal BP-lowering protocol was established using available
intravenous medications (e.g., urapidil, labetolol, hydra-
lazine, metoprolol, and nicardipine) for the intensive
SBP reduction group. The treatment was to be titrated in
a monitored facility. Co-administration of oral antihy-
pertensive agent(s) was to be commenced as soon as
practical. The agents included alpha-adrenergic antago-
nist [urapidil (n = 645)], calcium-channel blocker [nicar-
dipine or nimodipine (n = 349)], combined alpha- and
beta-blocker [labetalol (n = 285) and nitroglycerin (n =
268)], diuretics [furosemide (n = 268), nitroprusside (n =
197), hydralazine (n = 132), and others (n = 129)].
Treatment modalities for BP lowering in the standard
SBP reduction group were unlimited at the discretion of
the responsible physicians until the recommended target
SBP of <180 mm Hg was achieved. The first line treat-
ment in standard SBP reduction group was oral (includ-
ing nasogastric if required) and/or transdermal routes. In
the event of failure of first line medication, IV treatment
was started to reach target SBP of <180 mm Hg.

The variation in mode of administration (IV bolus ver-
sus infusion) of antihypertensive agents can result in
high variability in BP!0 and may predispose to hema-
toma expansion.!! IV nicardipine-treated ICH and SAH
patients had less BP variability, and fewer dosage
adjustments compared with IV labetalol or IV nitroprus-
side-treated patients in previous studies.!?13 Hydrala-
zine, nitroglycerin, and niroprusside were used in 460 of
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1,399 (33%) subjects and 137 of 1,430 (10%) in subjects
randomized to intensive and standard SBP reduction in
INTERACT II, respectively. More patients in the inten-
sive-treatment group than in the standard-treatment
group received two or more IV agents to lower their
blood pressure (26.6% versus 8.1%, p < 0.001). A
review of the agents!4 suggested that IV hydralazine and
nitroprusside can increase both regional cerebral blood
flow (rCBF) and intracranial pressure (ICP).!3>~17 Nitro-
paste, nitroglycerine, and nicardipine can increase rCBF
without any clear increase in ICP.!4 It has also been
shown that labetalol, hydralazine, and enalaprilat do not
affect rCBF in acute ICH patients.!® It remains unclear
whether cerebrovascular effects of various antihyperten-
sive agents could have impact on clinical outcomes
because of the diverse therapeutic approaches in the
INTRERACT 1I. In one observational study, after
adjustment for baseline risk of mortality, the risk of in-
hospital mortality was higher among ICH patients trea-
ted with nitroprusside compared with nicardipine (OR
1.7,95% CI 1.3-2.2).17

Intensive SBP reduction post-24 hours after
randomization

In INTERACT 11, for participants assigned to receive
intensive treatment, the goal was to achieve a SBP level
of <140 mm Hg for the next 7 days. Therefore, the SBP
levels were much lower in subjects randomized to inten-
sive SBP reduction (compared with standard SBP reduc-
tion) in the post-24 h and within 1-week period. There is
a possibility that reduction in death and disability
observed with intensive SBP reduction may be related to
SBP reduction after 24 h. A reduction of vascular events
and deaths during the next 12 months was seen in The
Acute Candesartan Cilexetil Therapy in Stroke Survi-
vors (ACCESS) study with SBP reduction in the post-24
h and within 1-week period.2® However, the Scandina-
vian Candesartan Acute Stroke Trial (SCAST), that
enrolled 2,029 patients with acute ischemic (85%) or
hemorrhagic (14%) stroke and SBP >140 mm Hg within
30 h of onset, did not confirm a therapeutic benefit of
post-24-h intensive SBP reduction.2!

Effectiveness of intervention in achieving target
BP goals

For patients allocated to the intensive group (target SBP
of <140 mm Hg within 1 h of randomization), mean
SBP at baseline was 150 mm Hg [with 462 patients
(33.4%) achieving the target SBP of <140 mm Hg] as
compared with 164 mm Hg in the standard-treatment
group (a difference of 14 mm Hg, p < 0.001). It is there-
fore possible that failure to reach the therapeutic target
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resulted in suboptimal benefit. In INTERACT I, SBP
goals were achieved in 42% and 66% of the subjects at 1
and 6 h after treatment initiation, respectively.?> On-
treatment SBP levels achievement in the first 24 h were
associated with both absolute and proportional hema-
toma growth. Maximum reduction in hematoma growth
occurred in the one third of participants with the lowest
on-treatment SBP levels (median: 135 mm Hg).2? In
ATACH 1, the SBP goals were achieved in 90% of the
patients by 2 h.23> Actual lowering of SBP and not just
the initiation of treatment goal specified was associated
with therapeutic benefit.7 Comparing patients having
<54 mm Hg and >54 mm Hg SBP reduction at 2 h, fre-
quencies were 21% versus 31% for hematoma expan-
sion, and 35% versus 48% for death and disability at 3
months. Severe hypotension occurred in 0.5%, acute
coronary event in 0.4%, and ischemic or undifferentiated
stroke in 0.6% of subjects randomized to intensive SBP
reduction in INTERACT II. The rates of these events
could be higher if SBP goals of <140 mm Hg were con-
sistently achieved in intensive SBP reduction group.

Clinical management of study
subjetcs

Overall intensity of care in INTRERACT Il

In a total of 2,839 participants enrolled at 144 hospitals
in 21 countries in INTERACT II, variance in intensity of
care can be considerable. Because of the lesser require-
ments of monitoring, the rate of admission to intensive
care unit was 38% (1,061 of 2,779 subjects). The rate of
intubation was 7% (189 of 2,779 subjects) in INTER-
ACT II which is much lower than the 22% rate observed
in patients with ICH admitted in the United States.2*
Approximately 30% supratentorial and all infratentorial
ICH patients require intubation.?> Early intubation and
mechanical ventilation initiated within 30 min of detec-
tion time of GCS score <8 documentation or other indi-
cations is considered a quality parameter and adequately
performed in 80% of the patients with ICH in one
study.20

The rate of prophylactic treatment for deep vein throm-
bosis (DVT) was 610 of 2,779 subjects (22%) in
INTERACT 1I. In two audits conducted at one of the
United States hospital, DVT prophylaxis was achieved
in 52%-68% of the patients with ICH.26-27 Timely
administration of prophylactic treatment for DVT has
been considered a quality indicator due to the relatively
high prevalence of DVT among patients with ICH.28—
30 The first 48 h after symptom onset is considered the
appropriate time to initiate prophylaxis based on consis-
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tent safety and effectiveness data provided by clinical
trials in ICH patients,28-30

Difference in intensity of care between the two
treatment groups

The median time from the onset of the ICH to the initia-
tion of IV treatment was shorter in the intensive-SBP
reduction group than in the standard-SBP reduction
group (4 h [IQR, 2.9-5.1] versus 4.5 h [IQR, 3.0-7.0], p
< 0.001); the median time from randomization to initia-
tion of treatment was also shorter in the intensive-SBP
reduction group (6 min versus 19 min).

Hemostatic therapy including the use of fresh-frozen
plasma, vitamin K, and rFVIla was used in 4.1% and
2.9% of patients randomized to intensive and standard
SBP reduction (p = 0.07), respectively. Huttner et al’!
reported that early INR reversal (<2 h) reduced propor-
tion of patients with hematoma growth (absolute reduc-
tion of 16%). Therefore, INR reversal (<1.4) within 2 h
of first elevated INR was recommended as a quality
parameter in patients with ICH.27 The possibility that
more rapid reversal of INR was undertaken in intensive
SBP reduction group cannot be excluded.

A decision to withdraw active treatment and care was
made more frequently among participants in the inten-
sive-SBP reduction group than in the standard-treatment
group [75 participants (5.4%) versus 46 participants
(3.3%), p = 0.005]. A differential rates of withdrawal of
care could influence the rate of risk-adjusted mortality in
treatment groups independent of age, GCS, ICH volume,
and TVH.3?

Statistical considerations

The INTRERACT II used a trial sample size of 2,800
participants, to provide 90% power to detect a 14% rela-
tive reduction (or an absolute difference of 7%) in the
primary outcome, from 50% in the standard-SBP reduc-
tion group to 43% in the intensive-SBP reduction group.
The definition of “clinically meaningful” difference can
vary considerably. Trials evaluating therapies with
higher associated risk such as rF'VIla have used a thresh-
old of 15% or greater absolute reduction in death or dis-
ability to define clinical benefit.33 Setting the bar very
low may achieve more ‘‘positive’” outcomes of clinical
trials at the expense of very large sample sizes; however,
the approval of mediocre therapies may hinder the
development of truly effective treatments. In the
ATACH 1I trial, a 10% or greater difference in propor-
tion of death and disability at 3 months is being evalu-
ated between intensive SBP reduction and standard BP
reduction among patients with ICH. An absolute reduc-
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tion of 5% would translate into a minor reduction of
approximately 781 deaths from annualized mortality of
15,625 ICH deaths.2*

Another issue is whether an absolute difference of 10%
or greater (instead of 7% as sought in INTERACT II) in
the primary event can be reasonably expected. The 14%
relative risk reduction in INTERACT II was based on
the pilot phase findings where a 10-14 mm Hg differ-
ence in SBP between treatment groups resulted in 1.7 ml
absolute difference in hematoma growth. Thus, a differ-
ence in hematoma growth of 2 ml (0—6 h) from BP low-
ering should result in at least a 14% relative (7% abso-
lute) relative reduction in poor outcome from ICH. To
observe an absolute reduction of 10% in the rate of poor
outcomes, a mean difference of greater than 3 ml may be
required between the intensive and standard BP treat-
ment groups which was seen in INTERACT I if analysis
confined to only patients recruited within 4 h of symp-
tom onset (3.4 ml) similar to ATACH II.

Summary
INTRERACT Il as a definitive trial

The writing group considered the results as hypothesis
generating but not compelling to change standard of care
based on the following observations:

1. Statistical significance was not achieved in pri-
mary analysis and the impact was further
reduced after adjustment for confounders such
as NIHSS score, hematoma volume, and IVH.
Statistical significance was achieved in secon-
dary analysis, but not after adjustment for con-
founders such as National Institutes of Health
Stroke Scale (NIHSS) score, hematoma vol-
ume, and IVH.

2. Intensive SBP reduction as applied in INTER-
ACT I resulted in benefit of small magnitude
with no effect on hematoma expansion. Simi-
larly, the benefit was of small magnitude (abso-
lute benefit of 3.6%) on rate of severe disability
and death.

3. Antihypertensive treatment in the intensive
SBP reduction group did not achieve the target
SBP value of less than 140 mm Hg in a large
proportion of patients. The risk benefit profile
maybe different with greater magnitude of SBP
reduction if implemented into clinical practice.

4. There is discordance between the proposed and
observed therapeutic benefit of intensive SBP
reduction in INTERACT II. The lack of early
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reduction in hematoma expansion (at 24 h) and
death and disability (both at 7 days or 1 month)
in subjects randomized to intensive SBP reduc-
tion suggests possible therapeutic effect of vari-
able impact on other differences in treatment
groups such as post-24-h SBP reduction.

5. The safety or benefit of intensive SBP reduc-
tion was not tested in patients with large vol-
umes hemotomas; a group most likely at risk
for global cerebral perfusion compromise due
to high ICP. The lack of a clear cut off for hem-
atoma size in INTRERACT II prevents imple-
mentation of a reproducible method to exclude
such patients in clinical practice.

6. Without a more focused therapeutic measure,
such as the one adopted by ATACH II in which
only IV nicardioie is the antihypertensive ther-
apy, it is difficult to define the most optimal
antihyptersensive therapy based on INTER-
ACT II findings.

Implications for ATACH Il trial

The ATACH II writing group identified certain aspects
of trial design and conduct to be implemented or moni-
tored in the ATACH II trial. These are summarized
below:

1. Efforts are undertaken to ensure that intensive
SBP reduction meets the SBP goals (<140 mm
Hg) effectively and consistently. A mere differ-
ence from standard SBP reduction may not ade-
quately test the primary hypothesis or provide
clinically meaningful SBP reduction treatment
goals.

2. The time to initiate treatment and post-24-h BP
management must be monitored to avoid differ-
ences secondary to the unblinded nature of the
trial. (There is a probable weakness here
because the BP management post-24 h is not
standardized. Without a more standardized pro-
tocol to regulate BP, post-24-h BM manage-
ment may affect the outcomes because diverse
modes are applied in the post-24-h to 3-month
trial period leading to treatment variables that
may dilute the effect of intensive BP manage-
ment in the 24-h period.)

3. Since the release of INTERACT II results, no
modification in inclusion/exclusion criteria was
considered necessary as no heterogeneity of the
treatment effect on the primary outcome in
eight prespecified groups in INTERACT II was
seen.
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4. The ATACH II trial should maintain a low pro-
portion of untreated patients to adequately test
“pharmacological SBP reduction” as an inter-
vention in patients with ICH.

References

1. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, et
al. 2013;Rapid blood-pressure lowering in patients with acute intra-
cerebral hemorrhage. N Engl J Med 368:2355-65.

2. Kazui S, Minematsu K, Yamamoto H, Sawada T, Yamaguchi T.
1997;Predisposing factors to enlargement of spontaneous intracere-
bral hematoma. Stroke 28:2370-5.

3. Dandapani BK, Suzuki S, Kelley RE, Reyes-Iglesias Y, Duncan RC.
1995;Relation between blood pressure and outcome in intracerebral
hemorrhage. Stroke 26:21-4.

4. Anderson CS, Huang Y, Wang JG, Arima H, Neal B, Peng B, et al.
2008;Intensive blood pressure reduction in acute cerebral haemor-
rhage trial (interact): a randomised pilot trial. Lancet Neurol 7:391—
9.

5. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck
L, et al. 1997;Early hemorrhage growth in patients with intracere-
bral hemorrhage. Stroke 28:1-5.

6. Mayer SA, Davis SM, Skolnick BE, Brun NC, Begtrup K, Broder-
ick JP, et al. 2009;Can a subset of intracerebral hemorrhage patients
benefit from hemostatic therapy with recombinant activated factor
vii? Stroke 40:833-40.

7. Qureshi Al, Palesch YY, Martin R, Novitzke J, Cruz-Flores S, Ehti-
sham A, et al. 2010;Effect of systolic blood pressure reduction on
hematoma expansion, perihematomal edema, and 3-month outcome
among patients with intracerebral hemorrhage: Results from the
antihypertensive treatment of acute cerebral hemorrhage study. Arch
Neurol 67:570-6.

8. Qureshi A, Palesch Y. 2012;Expansion of recruitment time window
in Antihypertensive Treatment of Acute Cerebral Hemorrhage
(ATACH) II trial. J Vasc Interv Neurol 5:6-9.

9. Qureshi Al, Hutson AD, Harbaugh RE, Stieg PE, Hopkins LN.
2004;Methods and design considerations for randomized clinical tri-
als evaluating surgical or endovascular treatments for cerebrovascu-
lar diseases. Neurosurgery 54:248-64.(discussion 264-47)

10. Qureshi Al, Harris-Lane P, Kirmani JF, Ahmed S, Jacob M, Zada
Y, et al. 2006;Treatment of acute hypertension in patients with intra-
cerebral hemorrhage using American Heart Association Guidelines.
Crit Care Med 34:1975-80.

11. Maruishi M, Shima T, Okada Y, Nishida M, Yamane K.
2001;Involvement of fluctuating high blood pressure in the enlarge-
ment of spontaneous intracerebral hematoma. Neurol Med Chir
(Tokyo) 41:300—4.(discussion 304-5)

12. Woloszyn AV, McAllen KJ, Figueroa BE, DeShane RS, Barletta
JF. 2012;Retrospective evaluation of nicardipine versus labetalol for
blood pressure control in aneurysmal subarachnoid hemorrhage.
Neurocrit Care 16:376-80.

13. Roitberg BZ, Hardman J, Urbaniak K, Merchant A, Mangubat EZ,
Alaraj A, et al. 2008;Prospective randomized comparison of safety
and efficacy of nicardipine and nitroprusside drip for control of
hypertension in the neurosurgical intensive care unit. Neurosurgery
63:115-20.(discussion 120-11)

14. Qureshi Al 2008;Acute hypertensive response in patients with
stroke: Pathophysiology and management. Circulation 118:176-87.

39

15. Griswold WR, Reznik V, Mendoza SA. 1981;Nitroprusside-
induced intracranial hypertension. JAMA 246:2679-80.

16. Kondo T, Brock M, Bach H. 1984;Effect of intra-arterial sodium
nitroprusside on intracranial pressure and cerebral autoregulation.
Jpn Heart J 25:231-7.

17. Hartmann A, Buttinger C, Rommel T, Czernicki Z, Trtinjiak F.
1989;Alteration of intracranial pressure, cerebral blood flow, autore-
gulation and carbondioxide-reactivity by hypotensive agents in
baboons with intracranial hypertension. Neurochirurgia (Stuttg)
32:37-43.

18. McCourt R, Gould B, Gioia L, Kate M, Coutts SB, Dowlatshahi D,
et al. 2014;Cerebral perfusion and blood pressure do not affect peri-
hematoma edema growth in acute intracerebral hemorrhage. Stroke;
A Journal of Cerebral Circulation 45:1292-8.

19. Suri MF, Vazquez G, Ezzeddine MA, Qureshi Al. 2009;A multi-
center comparison of outcomes associated with intravenous nitro-
prusside and nicardipine treatment among patients with intracerebral
hemorrhage. Neurocrit Care 11:50-5.

20. Schrader J, Luders S, Kulschewski A, Berger J, Zidek W, Treib J,
et al. 2003;The access study: Evaluation of acute candesartan cilexe-
til therapy in stroke survivors. Stroke 34:1699-703.

21. Sandset EC, Bath PM, Boysen G, Jatuzis D, Korv J, Luders S, et
al. 2011;The angiotensin-receptor blocker candesartan for treatment
of acute stroke (scast): a randomised, placebo-controlled, double-
blind trial. Lancet 377:741-50.

22. Arima H, Anderson CS, Wang JG, Huang Y, Heeley E, Neal B, et
al. 2010;Lower treatment blood pressure is associated with greatest
reduction in hematoma growth after acute intracerebral hemorrhage.
Hypertension 56:852-8.

23. ATACH Investigators. 2010;Antihypertensive treatment of acute
cerebral hemorrhage. Crit Care Med 38:637—48.

24. Qureshi Al Suri MF, Nasar A, Kirmani JF, Ezzeddine MA, Divani
AA, et al. 2007;Changes in cost and outcome among us patients
with stroke hospitalized in 1990 to 1991 and those hospitalized in
2000 to 2001. Stroke 38:2180-84.

25. Gujjar AR, Deibert E, Manno EM, Duff S, Diringer MN.
1998;Mechanical ventilation for ischemic stroke and intracerebral
hemorrhage: Indications, timing, and outcome. Neurology 51:447—
S1.

26. Qureshi AI, Majidi S, Chaudhry SA, Qureshi MH, Suri MF.
2013;Validation of intracerebral hemorrhage-specific intensity of
care quality metrics. Journal of stroke and cerebrovascular disea-
ses : the official journal of National Stroke Association 22:661-7.

27. Qureshi Al 2011;Intracerebral hemorrhage specific intensity of
care quality metrics. Neurocrit Care 14:291-317.

28. Boeer A, Voth E, Henze T, Prange HW. 1991;Early heparin ther-
apy in patients with spontaneous intracerebral haemorrhage. J Neu-
rol Neurosurg Psychiatry 54:466-7.

29. Lacut K, Bressollette L, Le Gal G, Etienne E, De Tinteniac A,
Renault A, et al. 2005;Prevention of venous thrombosis in patients
with acute intracerebral hemorrhage. Neurology 65:865-9.

30. Tetri S, Hakala J, Juvela S, Saloheimo P, Pyhtinen J, Rusanen H, et
al. 2008;Safety of low-dose subcutaneous enoxaparin for the pre-
vention of venous thromboembolism after primary intracerebral
haemorrhage. Thromb Res 123:206-12.

31. Huttner HB, Schellinger PD, Hartmann M, Kohrmann M, Juettler
E, Wikner J, et al. 2006;Hematoma growth and outcome in treated
neurocritical care patients with intracerebral hemorrhage related to
oral anticoagulant therapy: Comparison of acute treatment strategies
using vitamin k, fresh frozen plasma, and prothrombin complex



ABOJOINSN [eUONUSAISIU| PUB Je[NISEA JO [eulnor

ABOJ0INSN [RUONUSAISIU| PUE JR|NISEA JO [eulnog

40

concentrates. Stroke; A Journal of Cerebral Circulation 37:1465—  33. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer

70. MN, et al. 2008;Efficacy and safety of recombinant activated factor
32. Zahuranec DB, Brown DL, Lisabeth LD, Gonzales NR, Longwell vii for acute intracerebral hemorrhage. The New England Journal of
PJ, Smith MA, et al. 2007;Early care limitations independently pre- Medicine 358:2127-37.

dict mortality after intracerebral hemorrhage. Neurology 68:1651-7.



