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f you have been following the literature in recent years
and feel confused about how to manage acute hypertension in patients with intracerebral hemorrhage (ICH), you are
not alone. Two similar randomized controlled trials reaching seemingly different conclusions can confuse anybody.1,2
However, as always, the devil is in the details. It is not just
about the blood pressure (BP) target, but also about how and
when you reach it.
The INTERACT-2 trial (The Second Intensive Blood
Pressure Reduction in Acute Cerebral Haemorrhage Trial)
evaluated nearly 2800 patients with acute hypertension within
6 hours of ICH onset randomized to target systolic BP <140 or
<180 mm Hg.1 Hypertension could be treated with any drugs
available, and patients were treated to remain below their BP
target for 7 days. Death and moderate or severe disability at 90
days (modified Rankin score of 3–6) did not differ significant
between the 2 arms (odds ratio, 0.87 with systolic BP <140
mm Hg; 95% confidence interval, 0.75–1.01; P=0.06), but
functional outcomes were better in the intensive treatment arm
on a prespecified ordinal shift analysis of the modified Rankin
score. Serious adverse events were similar in the 2 groups. On
the basis of these results, the AHA guidelines on management
of ICH were modified to recommend treating acute hypertension to keep a systolic BP <140 mm Hg.3
Yet, ATACH-2 (Antihypertensive Treatment of Acute
Cerebral Hemorrhage-II) was subsequently completed and
moved us back to the drawing board. This trial randomized patients with acute ICH and hypertension to the same
2 systolic BP targets (ie, <140 or <180 mm Hg), but antihypertensive treatment had to be initiated within 4.5 hours of
hematoma onset and intravenous nicardipine had to be used
as first-line medication. The BP target was maintained for 24
hours.2 After enrollment of 1000 patients (planned n=1280),
the trial was terminated because of futility after a prespecified
interim analysis demonstrated that the rates of death or severe
disability (modified Rankin score of 4–6) at 90 days were
similar in both arms (relative risk, 1.04 with systolic BP <140
mm Hg; 95% confidence interval, 0.85–1.27; P=0.72 on analysis adjusted for prognostic factors). Unlike INTERACT-2,

ATACH-2 showed no difference in the ordinal distribution
of modified Rankin scores and instead showed an increase in
renal adverse events within 7 days on the intensive treatment
arm, which could have been caused by excessive BP lowering
on the first day.
Then what have we learned from these 2 trials? Although
the target systolic BPs were the same in both trials, actual
BP reduction was faster and more pronounced in ATACH2—average systolic BP over the first 24 hours was 120 to 130
mm Hg in ATACH-2 versus 135 to 145 mm Hg in INTERACT2—and this degree of reduction may have been too much. In
fact, systolic BP <130 mm Hg was also associated with worse
prognosis in a secondary analysis of INTERACT-2.4 Taken
along with the lack of effect from intensive BP lowering on
reducing hematoma expansion observed in both trials, these
combined findings argue against overzealous BP lowering
during the first few hours after an ICH.
The study by Chung et al5 published on this issue of Stroke
contributes another piece to this puzzle. This study evaluated
BP variability within the first 24 to 26 after ICH among 386
patients enrolled in the FAST-MAG trial (Field Administration
of Stroke Therapy-Magnesium) with a particular interest on
BP changes during the first 4 to 6 hours (ie, the hyperacute
phase). The first available BP was obtained by paramedics in
the field at a median of 23 minutes after symptom onset. The
results demonstrate a strong dose-dependent association of
greater BP variability with unfavorable functional outcomes
(modified Rankin score of 3–6) at 90 days. The association
was particularly strong for BP variability during the hyperacute period, to the point that patients in the highest quintile of
hyperacute BP variability had a 3- to 4-fold increase in the risk
of unfavorable outcome even after adjustment for age, initial
severity, and mean systolic BP. Of note, mean systolic BPs
during the first 6 hours ranged mostly between 155 and 165
mm Hg, and neither mean systolic BP nor maximal systolic
BP during this hyperacute period was associated with unfavorable functional outcome.
Although the analysis by Chung et al5 could not be
adjusted for all major prognostic factors (missing were hematoma volume, hematoma location, and intraventricular hemorrhage), the associations seem solid. Greater BP variability was
also associated with worse clinical outcomes in INTERACT-2
and SAMURAI-ICH (Stroke Acute Management With Urgent
Risk-Factor Assessment and Improvement–Intracerebral
Hemorrhage),6,7 although these trials did not include consistent information on the BP during the first few hours. Thus,
cumulative evidence suggests that BP variability should be
avoided, especially very early after an ICH.
What the study by Chung et al5 cannot tell us is to
what degree the BP changes were induced by BP-lowering
medications. Neither does it provide information on early
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neurological decline related to the BP changes, which actually were not more common in the intensive treatment arms
of INTERACT-2 or ATACH-2. Also, as acknowledged by the
investigators and especially considering the limitations of
the adjusted analysis, the data cannot conclusively determine
whether the association of greater hyperacute BP variability
with worse outcome reflects a detrimental effect of the BP
fluctuations or simply shows that BP fluctuations are more
prominent in patients with more severe hematomas.
The optimal management of acute hypertension after ICH
remains undefined. Large randomized trials did not provide
consistent evidence that aiming for one particular BP target is
broadly beneficial and informed us that very rapid and aggressive BP reduction can be harmful. Meanwhile, exploratory
analyses like the one reported by Chung et al5 indicate that
excessive BP fluctuations portend poor outcome and suggest that avoiding these fluctuations could represent a valid
therapeutic target. As we keep learning, we should follow the
advice of the old sages who always preached the merits of
moderation and lower BP after ICH neither too fast nor too
low.

Disclosures
None.

References
1. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, et al;
INTERACT2 Investigators. Rapid blood-pressure lowering in patients

2.

3.

4.

5.

6.

7.

with acute intracerebral hemorrhage. N Engl J Med. 2013;368:2355–
2365. doi: 10.1056/NEJMoa1214609.
Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin RL,
et al; ATACH-2 Trial Investigators and the Neurological Emergency
Treatment Trials Network. Intensive blood-pressure lowering in patients
with acute cerebral hemorrhage. N Engl J Med. 2016;375:1033–1043.
doi: 10.1056/NEJMoa1603460.
Hemphill JC III, Greenberg SM, Anderson CS, Becker K, Bendok BR,
Cushman M, et al; American Heart Association Stroke Council; Council
on Cardiovascular and Stroke Nursing; Council on Clinical Cardiology.
Guidelines for the management of spontaneous intracerebral hemorrhage: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2015;46:2032–2060.
doi: 10.1161/STR.0000000000000069.
Arima H, Heeley E, Delcourt C, Hirakawa Y, Wang X, Woodward M,
et al; INTERACT2 Investigators; INTERACT2 Investigators. Optimal
achieved blood pressure in acute intracerebral hemorrhage: INTERACT2.
Neurology. 2015;84:464–471. doi: 10.1212/WNL.0000000000001205.
Chung P-W, Kim J-T, Sanossian N, Starkmann S, Hamilton S, Gornbein
J, et al; FAST-MAG Investigators and Coordinators. Association between
hyperacute stage blood pressure variability and outcome in patients with
spontaneous intracerebral hemorrhage. Stroke. 2018;49:348–354. doi:
10.1161/STROKEAHA.117.017701.
Manning L, Hirakawa Y, Arima H, Wang X, Chalmers J, Wang J, et al;
INTERACT2 Investigators. Blood pressure variability and outcome after
acute intracerebral haemorrhage: a post-hoc analysis of INTERACT2,
a randomised controlled trial. Lancet Neurol. 2014;13:364–373. doi:
10.1016/S1474-4422(14)70018-3.
Tanaka E, Koga M, Kobayashi J, Kario K, Kamiyama K, Furui E, et al.
Blood pressure variability on antihypertensive therapy in acute intracerebral hemorrhage: the stroke acute management with urgent risk-factor
assessment and improvement-intracerebral hemorrhage study. Stroke.
2014;45:2275–2279. doi: 10.1161/STROKEAHA.114.005420.

KEY WORDS: Editorials ◼ blood pressure ◼ hematoma ◼ hypertension
◼ odds ratio ◼ risk

Optimal Blood Pressure After Intracerebral Hemorrhage: Still a Moving Target
Alejandro A. Rabinstein

Downloaded from http://stroke.ahajournals.org/ by guest on February 22, 2018

Stroke. 2018;49:275-276; originally published online January 4, 2018;
doi: 10.1161/STROKEAHA.117.020058
Stroke is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2018 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://stroke.ahajournals.org/content/49/2/275

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Stroke is online at:
http://stroke.ahajournals.org//subscriptions/

