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Blood Pressure Management in Early Ischemic Stroke
Jeffrey L. Saver, MD

Elevated blood pressure is common at the time of presenta-
tion among patients with ischemic stroke, occurring in two-
thirds to three-quarters of cases.1,2 The early hypertension that

follows ischemic stroke often
reflects undiagnosed or un-
dertreated chronic hyperten-

sion. However, in the great preponderance of patients, an early
hypertensive response to brain ischemia is an important con-
tributing factor, partially explained by neuroendocrine re-
sponse to physiologic stress. This initial hypertensive re-
sponse is self-limiting, most marked in the first few hours
following the onset of cerebral ischemia and resolving over sev-
eral days. Within the first 24 hours after stroke, blood pressure
spontaneously declines by about one-quarter in most patients.3

One of the major unresolved management issues in stroke
care is how to manage this early elevation of blood pressure in
patients with cerebral ischemia. Plausible physiologic argu-
ments can be advanced both for aggressively lowering blood
pressure and for completely refraining from early blood pres-
sure intervention (ie, permissive hypertension). On one hand,
blood pressure moderation should reduce cerebral edema, de-
ter hemorrhagic transformation of the cerebral infarct, help pre-
vent concurrent myocardial injury, and hasten the transition to
long-term antihypertensive therapy. On the other hand, early
blood pressure reduction might diminish collateral flow through
arteries that have lost autoregulatory function because of is-
chemia and increase the size of the cerebral infarct.

Accordingly, large-scale clinical trials are needed to delin-
eate optimum blood pressure management regimens in early
ischemic stroke. Prior trials have provided only incomplete
guidance. A systematic review through 2008 identified 12 small
randomized trials, which included a total of only 1153 pa-
tients with stroke, and concluded there was insufficient evi-
dence to evaluate the effect of altering blood pressure on func-
tional outcome or death.4 In the intervening years, 2 large trials
provided further useful data but included both mixed ische-
mic and hemorrhagic stroke, rather than ischemic stroke alone.

The COSSACS trial randomized 763 patients with primar-
ily ischemic stroke (5% primary intracerebral hemorrhage) to
strategies of continuing or temporarily halting prestroke an-
tihypertensive drugs for the first 2 weeks after stroke.5 Al-
though the “continue” vs “stop” strategies produced a sub-
stantial difference (13 mm Hg) in systolic blood pressure at 2
weeks, there was no difference in the primary end point of
death or dependency. The SCAST trial randomized 2029 pa-
tients with subacute stroke (approximately 85% ischemic, 15%
hemorrhagic) to receive an angiotensin receptor blocker (ARB)
or placebo for 7 days.6 Concomitant therapy with open-label
antihypertensive agents was permitted at physician discre-

tion and received by more than one-quarter of enrolled pa-
tients. A modest blood pressure–lowering effect was achieved,
with systolic blood pressure 5 points lower in the ARB group
at day 7. Disparate effects on the coprimary end points were
observed, with no significant difference in death, myocardial
infarction, or recurrent stroke at 6 months but a mild harmful
effect of ARB therapy on the main functional outcome, fre-
quency of death or major disability, at 6 months.

Againstthisbackground,theCATIStrialbyHeandcolleagues7

in this issue of JAMA is a welcome addition to the literature on
management of blood pressure in patients with acute ischemic
stroke.Thetrialhadseveral importantdesignfeatures.TheCATIS
trial was large (2038 patients assigned to the intervention group
and2033tothecontrolgroup), indeedbyfarthelargestsingletrial
to date of blood pressure lowering in subacute ischemic stroke,
andenrolledonlypatientswithcerebral ischemia,ratherthanalso
patientswithprimaryintracerebralhemorrhage,afundamentally
different pathophysiologic entity. Unlike SCAST, CATIS analyzed
blood pressure lowering in an unconfounded manner, not allow-
ing blood pressure treatment in the control group except in
circumstances of either extreme blood pressure elevation to
hypertensive encephalopathy range or active end-organ injury
that hypertension might further complicate. Unlike COSSACS,
CATIS compared withholding antihypertensive agents, not with
simply continuing the variable regimens patients may have been
receiving prior to experiencing stroke, but with an aggressive,
treat-to-target, blood pressure–lowering intervention.

The CATIS trialists succeeded in lowering blood pressure
faster and more substantially in the intervention group than in
the control group, in which a natural decline was observed. The
early absolute difference in systolic blood pressure between the
2 groups at 24 hours after randomization (8.2 mm Hg) was a sub-
stantially greater initial difference than in SCAST (3.3 mm Hg).
The final absolute difference in systolic blood pressure at 2 weeks
(8.5 mm Hg) was pronounced, although less than that achieved
in COSSACS (13 mm Hg). The achieved blood pressure reduc-
tion was certainly sufficient to have expected to see an effect on
clinical outcomes if blood pressure modulation in the subacute
period plays an important role in determining recurrent events
and final disability. However, no such effect was seen. The in-
tervention in CATIS failed to alter the primary outcome of death
or major disability at 2 weeks (683 events [33.6%] in the inter-
vention group and 681 events [33.6%] in the control group) and
failed to alter the leading secondary outcome of death or major
disability at 3 months (500 events [25.2%] in the intervention
group and 502 [25.3%] in the control group).

Several caveats must be considered before deciding on the
importance of these results. The CATIS design and implemen-
tation had some limitations. The open-label intervention ren-
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dered outcome assessments vulnerable to rater bias. A non-
standard approach to ischemic stroke subtyping was used. The
entry stroke severity was relatively mild, with a median Na-
tional Institutes of Health Stroke Scale score of 4. This degree
of severity parallels the average severity of ischemic stroke in
clinical practice but is substantially less than typically tar-
geted in clinical trials because of the high rate of good out-
comes expected with mild deficits at presentation. As a re-
sult, fully two-thirds of enrolled patients in the control group
achieved the primary outcome (alive and not disabled), re-
ducing opportunities for the intervention to demonstrate ben-
efit. Patients with known large-artery cervicocerebral dis-
ease were excluded from the trial, limiting generalizability to
this common stroke population. Most importantly, the me-
dian time to randomization was approximately 15 hours, firmly
in the subacute period, rather than in the acute first 1 to 10 hours
after ischemic stroke onset when there still is substantial vul-
nerable ischemic penumbra in most patients.

In addition, the CATIS trial reflects the population and clini-
cal practice of China and may not be fully generalizable to other
populations. For example, enrolled patients were substan-
tially younger, smoked more often, and received concomi-
tant acute anticoagulation therapy more often than typical
Western stroke cohorts. Enrolled patients also likely differed
in ways not directly measured in the trial but well known from
epidemiologic studies, including having intracranial large- and
small-artery atherosclerosis more often, and cervical athero-
sclerosis less often, as ischemic stroke mechanisms and hav-
ing a greater predilection to intracerebral hemorrhage.8

Nonetheless, CATIS provides evidence to support the view
that how blood pressure is managed in the subacute period
from 12 hours to 2 weeks after ischemic stroke does not mat-
ter much. When blood pressure remained untreated during the
first 2 weeks, the frequency of composite recurrent vascular
events (vascular death, nonfatal stroke, nonfatal myocardial
infarction, rehospitalization for angina, congestive heart fail-

ure, or peripheral arterial disease) was low, approximately 3.0%,
affording little opportunity for active blood pressure lower-
ing to improve outcome. Conversely, when blood pressure was
actively treated in the subacute time frame, there apparently
was little risk of infarct extension due to failure of collateral
circulation. It is likely that the fate of the threatened penum-
bra has largely been determined by 10 hours after onset.9

The urgent remaining unanswered question in blood pres-
sure management in early ischemic stroke involves the acute pe-
riod, within the first few hours after stroke onset, when there is
still substantial penumbral, at-risk tissue. Physiologic reasoning
suggests that an optimal strategy for management of blood pres-
sure might be to avoid blood pressure–lowering agents during the
first 12 hours after stroke onset, when collateral circulation com-
promise is still a substantial concern in most patients, and then
to implement blood pressure lowering beginning in the 12- to 36-
hour period if there has not been any early neurologic worsen-
ing, to help avert secondary injury and ensure that the patient
will be transitioned to long-term antihypertensive therapy for
secondary prevention. This time-indexed approach would be
based on knowing when the actual stroke began, not when the
patient presented for medical care. The CATIS time-to-
randomization subgroup analysis provides a tantalizing hint that
this approach might be advantageous, with a suggestion of bet-
ter 6-month outcomes if blood pressure lowering was withheld
in the first 12 hours and if it was started beyond 24 hours. How-
ever, a recent phase 2 trial of nitroglycerin10 given hyperacutely
(median of 55 minutes after onset) suggested the opposite: a po-
tentialbeneficialsignalwasobservedwithhyperacutebloodpres-
sure lowering but perhaps was conveyed by neuroprotective
rather than hypotensive effects. Forthcoming trials, including
ENCHANTED,11 ENOS,12 and FAST-MAG,13 may help to resolve
this remaining issue. Although results from these trials are pend-
ing, the CATIS results suggest that blood pressure lowering may
safely be initiated in the subacute period following ischemic
stroke and need not be delayed until 2 weeks after stroke onset.
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