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significance, particularly those that do not have a clear
and unambiguous biological rationale, should be viewed
with caution.’

The presumption in dose-finding is that a specific
threshold dose will show optimum efficacy, with fewer
side-effects at lower doses.” The usual reason to assess
multiple doses is to find the dose with the highest
potential efficacy but that is still within an acceptable
range regarding side-effects. Dose-response curves
are generally sigmoidal, but U-shaped curves have also
been reported, whereby the therapeutic effect at one
dose is attenuated at a higher dose. However, evidence
for such a dose-response would need to be robust, and
a dose-response in a narrow therapeutic range raises
concerns about the actual clinical application of such
treatment. The pharmacokinetics of a drug generally
means that target tissues are not exposed to one static
dose of drug and exposure varies across patients.

The importance of oligodendrocyte precursor cell
differentiation as a means of achieving remyelination
remains very relevant, despite the intrinsic limitations
of opicinumab and its therapeutic failure in relapsing
multiple sclerosis® and acute optic neuritis.? The negative
findings are likely to be a reflection of the antibody-
based approach or that LINGO-1 might not be an
appropriate biological target to achieve remyelination.
Although it might be impossible to know exactly
why the SYNERGY trial was unsuccessful, the field will
benefit from recognising that the therapeutic approach
investigated here is not a path forward. Regardless,
remyelination remains a promising tactic for prevent-
ing disability and restoring function for patients with
multiple sclerosis.
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Blood pressure in intracerebral haemorrhage:

which variables matter?

Blood pressure reduction in patients with acute intra-
cerebral haemorrhage is an important, unresolved issue
in stroke management. Two large clinical trials have
shown inconsistent results, but are now combined for
further analyses. The main phase of the Intensive Blood
Pressure Reduction in Acute Cerebral Haemorrhage Trial
(INTERACT2) with 2839 patients found that intensive
systolic blood pressure reduction (target <140 mm Hg

within 1 h, cessation of treatment at <130 mm Hg) within
6 h of onset of intracerebral haemorrhage improved
functional recovery on a number of secondary outcomes,
although the primary outcome (death or major disability
at 90 days post-randomisation) was not significant. By
contrast, the second Antihypertensive Treatment of Acute
Cerebral Hemorrhage Trial (ATACH-II) with 1000 patients
used a more intensive strategy (target 110-139 mm Hg
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within 2 h) within 4.5 h of symptom onset and reported
no benefit and an excess of renal adverse events.””
Analysis of blood pressure variability as a prognostic
indicator in INTERACT2 participants found that maxi-
mum systolic blood pressure in the hyperacute phase
(first 24 h) and variability of systolic blood pressure in the
acute phase (days 2-7) were the strongest predictors of
death or major disability at 90 days.> Smaller studies have
provided some evidence of a benefit of minimising blood
pressure variability around target levels,*> whereas meta-
analyses have shown no overall benefit of early inten-
sive blood pressure lowering compared with guideline
target levels.**

In The Lancet Neurology, Tom Moullaali and colleagues™
report findings from a pooled individual patient-level data
analysis from INTERACT2 and ATACH-II, evaluating three
summary statistics of observed systolic blood pressure:
mean achieved systolic blood pressure, magnitude of
reduction in the first hour after randomisation, and
variability (SD). This unified analysis begins to clarify the
complexity of the blood pressure reduction problem. In
the prespecified adjusted primary analysis, the combined
measure of these three summary measures as continuous
variables suggests that systolic blood pressure control
seems safe and efficacious. Achieved systolic blood
pressure and variability in systolic blood pressure were
significantly associated with good outcomes, whereas
magnitude of reduction was not. For their secondary
assessments, the authors report significant linear trends
for magnitude of systolic blood pressure reduction
associated with functional independence at 90 days post-
randomisation, neurological deterioration over 24 h, and
death within 90 days, whereas achieved systolic blood
pressure was significantly associated with neurological
deterioration over 24 h, and variability with death. The
U-shaped relationship for magnitude revealed some
evidence for significant associations between reductions
up to 60 mm Hg with functional independence, whereas
greater reductions were significantly associated with
lower odds of good outcome. The associations between
magnitude of systolic blood pressure reduction and
poor outcomes were significant for the first hour post-
randomisation, but not over 24 h.

This analysis adds important evidence to the contro-
versy over optimal blood pressure control in patients
with acute intracerebral haemorrhage, confirming the
INTERACT2 results that some degree of blood pressure
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lowering is beneficial and that more variability in systolic
blood pressure could be deleterious. Large reductions
in systolic blood pressure over the first hour after onset
of symptoms might also be harmful. Unfortunately,
the combined measure used for the primary analyses is
complex and a does not provide a quantifiable target for
acute stroke care teams. Thus, the current findings should
be considered hypothesis-generating rather than practice
changing.

This study did not find any interaction with study
treatment group, but showed an association between
both achieved systolic blood pressure and variability in
systolic blood pressure with serious adverse events within
90 days post-randomisation. In addition, magnitude
of systolic blood pressure reduction from 15 min to
24 h post-randomisation was associated with adverse
events within 90 days post-randomisation (odds ratio
1.05 [95% Cl 1.00-1-10]; p=0-0434). The potential
for harm exists both for hypertensive patients with
shifted autoregulatory curves and abnormal vessels,
who might have relative cerebral hypoperfusion with
rapid systolic blood pressure lowering, and patients
with large intracerebral haemorrhage, or intraventricular
haemorrhage with obstructive hydrocephalus, in whom
cerebral perfusion pressure is compromised. In these
patients, avoidance or limitation of blood pressure reduct-
ion might be beneficial. Similarly, patients with large
(>30 mL) haematoma volumes and other poor prognostic
criteria (eg, intraventricular extension and oedma causing
mass effect) might also have higher peak systolic blood
pressure and more variability, although post-hoc analyses
adjusting for intracerebral haemorrhage location (deep vs
other) and intracerebral haemorrhage volume reported
consistent associations with harmful outcomes. Given the
well established presence of vascular disease in the patient
population with intracerebral haemorrhage, additional
rigourous evaluations for vascular harms from blood
pressure lowering are needed in future trials.

Although lower achieved systolic blood pressure and
less systolic blood pressure variability were associated with
reduction in haematoma expansion as continuous vari-
ables, categorised systolic blood pressure summary meas-
ures were not associated with haematoma expansion,
consistent with results of INTERACT2." Beneficial effects of
early reduction of blood pressure might be driven by non-
haematoma growth mechanisms, including autonomic
dysfunction and systemic stress reactions.”
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Because both INTERACT2 and ATACH-II excluded
patients with large haematomas and high clinical
severity (ie, a low score on the Glasgow Coma Scale
or an intracerebral haemorrhage volume of >60 mL),
associations between magnitude of blood pressure
reduction and outcomes by haematoma size, obstructive
hydrocephalus, and large volume cerebral oedema, which
are all markers of mass effect or elevated intracranial
pressure, were unlikely to be identified in the current
study. These results suggest that physicians should
consider an individualised approach to systolic blood
pressure management that avoids abrupt, uneven, and
large drops in systolic blood pressure. Such an approach
might be a reasonable objective in patients with acute
intracerebral haemorrhage for small and medium size
lesions. Future randomised controlled trials of blood
pressure lowering and control of blood pressure variability
will be needed to better understand benefit and harm,
especially with large reductions when harm might occur.
More data are needed if current guideline targets or other
approaches are to be more helpful given the incomplete
evidence now available. We look forward to variability
and magnitude of reduction targets being used in trials
of blood pressure lowering now underway and in a meta-
analysis of all bood pressure lowering trials.

Wendy C Ziai, Aaron M Gusdon, Daniel F Hanley

Division of Brain Injury Outcomes, Department of Neurology,
The Johns Hopkins University, Baltimore, MD 21287, USA
(WCZ, AMG, DFH)

weziai@jhmi.edu

WCZ is supported by grants from the US National Institute of Neurological
Disorders and Stroke for other trials in intracerebral haemorrhage, and receives
consulting fees from CR Bard, both outside of the area of work commented on
here. AMG declares no competing interests. DFH is supported by grants from the
US National Center for Advancement of Translational Science and the US
National Institutes of Neurological Disorders and Stroke for other trials in
intracerebral haemorrhage, and receives consulting fees from Op2lysis and legal
consultations.

1 Anderson C, Heeley E, Huang Y, et al. Rapid blood-pressure lowering in
patients with acute intracerebral hemorrhage. N EnglJ Med 2013;
368:2355-65.

2 QureshiAl, PaleschYY, Barsan WG, et al. Intensive blood-pressure lowering
in patients with acute cerebral hemorrhage. N Engl | Med 2016;
375:1033-43.

3 ManningL, HirakawaY, Arima H, et al. Blood pressure variability and
outcome after acute intracerebral haemorrhage: a post-hoc analysis
of INTERACT?2, a randomized controlled trial. Lancet Neurol 2014;
13:364-73.

4 Meeks JR, Bambhroliya AB, Meyer EG, et al. High in-hospital blood pressure
variability and severe disability or death in primary intracerebral
hemorrhage patients. Int J Stroke 2019; published online Jan 25.
DOI:10.1177/1747493019827763.

5 deHavenon A, Majersik J), Stoddard G, et al. Increased blood pressure
variability contributes to worse outcome after intracerebral hemorrhage.
Stroke 2018; 49: 1981-84.

6  LattanziS, Cagnetti C, Provinciali L, Silvestrini M. How should we lower
blood pressure after cerebral hemorrhage? A systematic review and
meta-analysis. Cerebrovasc Dis 2017; 43: 207-13.

7 Shil,XuS, Zheng), XuJ, Zhang ). Blood pressure management for acute
intracerebral hemorrhage: a meta-analysis. Sci Rep 2017; 7: 14345.

8  Gongs§, Lin C, Zhang D, et al. Effects of intensive blood pressure reduction
on acute intracerebral hemorrhage: a systematic review and meta-analysis.
SciRep 2017; 7: 10694.

9  Boulouis G, Morotti A, Goldstein JN, Charidimou A. Intensive blood
pressure lowering in patients with acute intracerebral haemorrhage: clinical
outcomes and haemorrhage expansion. Systematic review and
meta-analysis of randomised trials. | Neurol Neurosurg Psychiatry 2017;
88:339-45.

10 Moullaali TJ, Wang X, Martin RH, et al. Blood pressure control and clinical
outcomes in acute intracerebral haemorrhage: a preplanned pooled
analysis of individual participant data. Lancet Neurol 2019; 18: 857-64.

11 Sykora M, Diedler ), Turcani P, Rupp A, Steiner T. Subacute perihematomal
edema in intracerebral hemorrhage is associated with impaired blood
pressure regulation. ) Neurol Sci 2009; 284: 108-12.

www.thelancet.com/neurol Vol 18 September 2019



	Blood pressure in intracerebral haemorrhage:which variables matter?
	References





