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Hospitalists are frequently called upon to manage blood pressure after acute
ischemic stroke. A review of both post infarction cerebral perfusion physiology and
the data from randomized trials of antihypertensive therapy is necessary to explain
why consensus guidelines for blood pressure management after stroke differ from
those of other hypertensive emergencies. The peri-infarct penumbra is the central
concept in understanding post ischemic cerebral perfusion. This area of impaired
cerebral blood flow is dependent on mean arterial blood pressure and acute
reduction of blood pressure may expand the area of infarction. Review of clinical
trials fails to show benefit from reduction of blood pressure after ischemic stroke
and current guidelines suggest antihypertensive therapy be employed if the sys-
temic blood pressure is greater than 180/105 mmHg after tPA is employed, or
220/120 mmHg when tPA is not used. Induced hypertension remains a promising
but unproven therapy in the acute setting, but the evidence for long term control
of blood pressure to less than 140/80 mmHG for secondary prevention of stroke is
strong. Adherence to guidelines is poor but it is recognized that current evidence
is limited by a lack of trials in which blood pressure is titrated to a pre-specified
goal, as is common in clinical practice. Journal of Hospital Medicine 2007;2:
261-267. © 2007 Society of Hospital Medicine.
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H ospitalists are on the front lines of care for patients with
cerebrovascular accidents. After the first steps in acute stroke
management occur in the emergency room, care is frequently
transferred to the hospitalist. This review focuses on the evidence-
based management of blood pressure following acute ischemic
stroke. Management of blood pressure after stroke is still contro-
versial, and current consensus statement guidelines acknowledge
that optimal treatment has not yet been established."? As such, it
is essential to understand the changes in normal homeostatic
physiologic processes that occur after stroke and their subsequent
effects on neurologic function. Only then can the appropriate
blood pressure target and antihypertensive regimen be chosen.

Physiology of Gerebral Perfusion

Once a stroke has occurred and perfusion to a section of brain
tissue has been acutely compromised, systemic pressure tends to
rise. This rise is presumably due in part to increased adrenergic
tone and activation of the renin-aldosterone system and poten-
tially is part of Cushing’s reflex in cases in which intracranial
pressure is elevated.® The increase in mean arterial pressure may
represent a protective response. In the first major study on the
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TABLE 1
Cerebral Blood Flow

TABLE 2
Equations

Cerebral blood flow (CBF) of 50-70 mL/100 g/min—normal

CBF of 20-50 mL/100 g/min—reduced flow compensated for by increased oxygen
extraction

CBF of 15-20 mL/100 g/min—neuronal quiescence

CBF < 15 mL/100 g/min—neuronal death

topic, in 1981, on admission for stroke mean blood
pressure was 163/90 mm Hg for patients without a
history of hypertension and 214/118 mm Hg for
patients who had been treated for hypertension
previously.* This rise in blood pressure in response
to endogenous mechanisms is attenuated over the
first 24 hours, and even without intervention, blood
pressure tends to fall spontaneously over the next
10 days.*™”

Under normal circumstances, cerebral blood
flow (CBF) is tightly autoregulated across a wide
range of cerebral perfusion pressures by alteration
in cerebrovascular resistance via arteriolar constric-
tion.®® This allows CBF to remain constant even if
cerebral perfusion pressure (CPP) fluctuates from
60 to 150 mm Hg.? In patients with chronic hyper-
tension, autoregulation works best with blood pres-
sure in a higher range because of vascular smooth
muscle hypertrophy and structural changes in the
cerebral vessels (see Table 1).

After an acute ischemic stroke, autoregulation
is lost, and local CBF becomes linearly associated

Mean arterial pressure (MAP) = %; diastolic blood pressure (DBP) + ¥ systolic
blood pressure (SBP)

Cerebral perfusion pressure (CPP) = mean arterial pressure (MAP) — intracranial
pressure (ICP)

Cerebral blood flow (CBF) = cerebral perfusion pressure (CPP)/cerebrovascular
resistance (CVR)

with cerebral perfusion pressure. Loss of autoregu-
lation occurs because of several local factors as a
result of the infarct. Acidosis and hypoxia in the
region of the stroke lead to vasodilatation in the
perfusing vessels.” This may improve local circula-
tion in collateral vessels as a response to the ob-
struction in the primary supplying artery, but the
consequence of maximal vasodilatation is loss of
the ability to autoregulate. Normal CPP is driven by
the mean arterial pressure minus the intracranial
pressure. However, if intracranial vessels have lost
the ability to accommodate changes in perfusion
pressure, then blood flow to the area of injury be-
comes linearly correlated with mean arterial pres-
sure.

Surrounding a central core of irreversible ne-
crosis may be a zone of at-risk tissue that is suscep-
tible to reduction below the threshold of viability in
response to any decrement in systemic mean blood
pressure.!! This critical concept in stroke manage-
ment is referred to as the peri-infarct penumbra
(see Fig. 1 and Table 2).
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FIGURE 1. Relationship between cerebral perfusion pressure and cerebral blood flow. (Reprinted with permission from Rose J, Mayer S. Optimizing blood pressure

in neurologic emergencies. Neurocrit Care. 2004;1:287-299).
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Blood Pressure Management after Stroke

The presence of a systemic blood pressure-depen-
dent peri-infarct penumbra that might be compro-
mised by blood pressure reduction and thus extend
the infarct is the principal argument for allowing
permissive hypertension. This is bolstered by the
observation that decreases in blood pressure in the
first 24 hours are associated with a significant risk
of poor neurologic outcome.® In their an observa-
tional study Vlcek et al. found that a greater than
25% drop in diastolic blood pressure (DBP) was
associated with a 4-fold risk of severe disability.” In
a 2003 observational study Oliveria et al. found that
reduction in systolic blood pressure (SBP) in the
first 24 hours was independently associated with
poor outcomes, with a doubling of the risk for poor
outcomes for every 10% drop in systolic blood pres-
sure.® In both these studies, the worsened outcome
did not depend on whether the drop was sponta-
neous or induced by medications. Case reports sug-
gest that large drops in blood pressure can be cat-
astrophic and that even moderate lowering of blood
pressure after acute stroke can be associated with
clinical deterioration.®'?

The primary argument for lowering blood pres-
sure after an acute stroke hinges on secondary pre-
vention of new ischemic events, minimization of
cerebral edema, and prevention of hemorrhagic
conversion. It has long been recognized that hyper-
tension itself is a risk factor for stroke'® and that
reduction in chronic hypertension is part of sec-
ondary prevention for cerebrovascular accidents.'*
Further, hypertension is the most common risk fac-
tor for intracerebral hemorrhage, and it would
stand to reason that damage to the brain paren-
chyma from ischemic stroke would increase the risk
of pressure-induced bleeding in an acute setting.'

Because there are compelling theoretical argu-
ments both for and against lowering blood pressure
after an acute stroke, it is necessary to look at the
results of randomized clinical trials for guidance in
weighing the risks and benefits. The overall goal of
blood pressure management is to maximize perfusion
to the ischemic penumbra while minimizing the hy-
pertensive risk of hemorrhagic transformation.

Lisk et al. conducted a small randomized trial in
1993 of antihypertensive therapy versus placebo
after ischemic stroke looking at SPECT perfusion
and found lower CBF if mean arterial pressure
(MAP) dropped more than 16%."® This is in contrast
with the results of a 1997 randomized trial of per-

indopril after cerebrovascular accident that found
no decrease in Doppler CBF despite a 10% decrease
in blood pressure in the active treatment group.'”
Neither study was powered to detect significant
differences in clinical outcome.

Early randomized controlled trials of antihyper-
tensive agents after acute stroke investigated neu-
roprotection via mechanisms other than the anti-
hypertensive effect. Nimodipine, a dihydropyridine
derivative thought to prevent neuronal death via
blockade of calcium channels, has been studied
extensively.'®?° A meta-analysis of the 9 early trials
of nimodipine, from 1988 to 1992, suggested that
nimodipine was potentially beneficial in neurologic
score and functional outcome only if used within
the first 12 hours and that it could be harmful if
started after 24 hours.”’ Two additional studies
were done in 1994 using both intravenous and oral
nimodipine formulations. They demonstrated
worsened neurologic function and higher mortality,
respectively, which was hypothesized to be a result
of the detrimental hemodynamic effects of nimo-
dipine.'®??

The BEST trial used beta-blockers in the early
period after acute stroke and failed to find benefit,
whereas the FIST trial had similar results with the
calcium channel blocker flunarizine.?*** The AC-
CESS trial in 2003 was a prospective, randomized,
controlled trial using oral candesartan in the first 24
hours after stroke.?® It did find improved mortality
in the candesartan arm after 1 year, yet there were
no significant differences in blood pressure be-
tween candesartan and placebo. Thus, the im-
proved outcome was presumed to be a result of
mechanisms other than antihypertensive effect.

Some significant caveats should be kept in
mind when interpreting the results of these studies.
None of the trials was designed to titrate blood
pressure to a prespecified goal in a prospective
randomized fashion. It is also difficult to tease out
the effect of the active medical intervention from
the effect of spontaneous drops in blood pressure,
and many trials did not find a significant difference
in blood pressure between the medication and pla-
cebo groups. A large randomized trial to evaluate
interventions to a predefined blood pressure target
is needed.

The Cochrane Stroke Group reviewed 32 trials
involving 5368 patients and concluded there was
not enough evidence to reliably evaluate the effect
of altering blood pressure on outcomes.?
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TABLE 3

Guidelines for Management of Blood Pressure after Acute Ischemic Stroke from the Stroke Council of the American Heart Association

Not eligible for thrombolytic therapy

Systolic < 220 or diastolic < 120
encephalopathy)
Systolic > 220 or diastolic 121-140

Observe unless other end-organ involvement (aortic dissection, acute myocardial infarction, pulmonary edema, hypertensive

Aim for 10%-15% reduction in blood pressure

Labetalol 10-20 mg IV over 1-2 minutes; repeat or double every 10 minutes; maximum 300 mg

or

Nicardipine 5 mg/hour IV; titrate by 2.5 mg every 5 minutes; maximum 15 mg/hour

or

Nitroprusside 0.5 pg/kg/minute IV; titrate to goal

Diastolic > 140

Aim for 10%-15% reduction in blood pressure

Nitroprusside 0.5 ug/kg/minute IV; titrate to desired blood pressure

Eligible for thrombolytic therapy

Pretreatment

Systolic > 185 or diastolic > 110 Labetalol 10-20mg IV

May repeat X 1 or Nitropaste 1-2 inches

During and after tPA

Systolic 180-230 or Diastolic 105-120 Labetalol 10 mg

May repeat or double labetalol every 10-20 minutes to a maximum dose of 300 mg or give bolus and start drip at 2-8 mg/

minute

Systolic > 230 or diastolic 121-140 Labetalol 10mg IV

May repeat or double labetalol every 10-20 minutes to a maximum dose of 300 mg or give bolus and start drip at 2-8 mg/

minute or

Nicardipine 5 mg/hour; titrate by 2.5 mg every 5 minutes; maximum 15 mg/hour
If not at goal with labetalol or nicardipine, consider nitroprusside

Diastolic>140

Nitroprusside 0.5 ug/kg/minute IV infusion; titrate to desired blood pressure

Adapted from Adams HP Jr, Adams R], Brott T, et al. Guidelines for the early management of patients with ischemic stroke. Stroke. 2003;34:1056-1083.

Recommendations for Treatment of Hypertension in
Acute Stroke

The decision of when to initiate antihypertensive
therapy has not been clearly delineated. However,
most experts agree that blood pressure targets need
to take into account whether thrombolytics are
used. The available data provide little evidence that
lowering blood pressure decreases adverse events;
however, there is some evidence that lowering
blood pressure can worsen outcomes by expanding
the area of ischemia. Thus, in treating most acute
ischemic strokes, antihypertensive therapy can and
should be withheld. The exception to this is stroke
in a patient with comorbid hypertensive organ
damage such as myocardial infarction, aortic dis-
section, acute hypertensive renal failure, pulmo-
nary edema, or encephalopathy. The consensus
statement of the American Stroke Association is to
withhold treatment until blood pressure exceeds
220/120 mm Hg,' roughly corresponding to a MAP
of 150 mm Hg, the normal upper limit of cerebral
autoregulation. Treatment optimally should be ti-

tratable in order to avoid overcorrection, preferably
with minimal cerebral venodilatation effect. The
parenteral agents labetolol, fenoldopam, nicardi-
pine, and nitroprusside are most commonly used. A
disadvantage of nitrates or nitroprusside is that
their venodilating effect may raise intracranial pres-
sure. Clonidine may induce central nervous system
depression, which can complicate interpretation of
the mental status of a patient with an acute neuro-
logic event. Sublingual nifedipine should be
avoided because of its well-documented tendency
to cause overcorrection of blood pressure.”® No
large direct comparison trial has evaluated which of
these antihypertensive agents is superior in clinical
outcomes. For the hospitalist, choice of antihyper-
tensive agent should be driven by a need for rapid
control of blood pressure to target without overcor-
rection (see Table 3). Issues such as intracranial
pressure, heart rate, and comorbidities may also
play a role in choice of medication.

The risk of hemorrhagic conversion is greater
when thrombolysis is used for the treatment of
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cerebrovascular accident, in the NINDS trial rising
from 0.6% in patients receiving a placebo to 6.4% in
patients receiving tPA.>’ Given that the goal of
thrombolysis is to restore perfusion through the
previously blocked vessel and that the risk of hem-
orrhage rises after thrombolysis, the balance be-
tween maintaining CPP and decreasing the risk of
bleeding shifts toward maintaining a lower blood
pressure postthrombolysis. The NINDS thrombo-
lytic trial required patients to have a blood pressure
less than 185/110 mm Hg to be included.?” Once a
thrombolytic had been administered, the permitted
maximum blood pressure dropped to 180/105 mm
Hg. Blood pressure needs to be monitored closely,
initially every 15 minutes for 2 hours, then every 30
minutes for the next 6 hours, and then hourly until
the end of the first 24 hours. After this, blood pres-
sure monitoring intervals can be more spaced out
depending on the need for active antihypertensive
therapy.?® However, arterial punctures for invasive
monitoring are not recommended if thrombolytics
are administered. Review of the experience of the
NINDS trial suggests that approximately one third
of patients receiving thrombolytics will require
pharmacologic therapy to reach the recommended
blood pressure goals in the first 24 hours.??
Although guidelines for the management of
blood pressure after cerebrovascular accident from
major organizations such as the American Stroke
Association and the European Stroke Initiative are
published and widely quoted in reviews of stroke
management, physician adherence to these guide-
lines is poor.?°3% A 2002 review of prescribing
practices in a Canadian hospital found excessive
reduction of blood pressure in 60% of patients
where nitroglycerin was used, and sublingual nifed-
ipine was still the second most commonly pre-
scribed medication.** A similar 2004 study by Lin-
denauer et al. found that only 26% of patients who
had antihypertensive medication initiated in the
hospital met consensus guidelines for therapy.*

Induced Hypertension

Hypotension should be avoided after acute stroke.
Observational studies have demonstrated an in-
creased mortality rate of patients who present with
hypotension.** Patients with acute ischemic stroke
and loss of autoregulation may have impaired tol-
erance to even mild levels of hypotension.? First-
line therapy for hypotension after stroke is volume
resuscitation and optimization of cardiac function
by correcting arrhythmias." If this should fail, vaso-

pressor support is advisable to avoid ongoing hy-
potension and cerebral hypoperfusion.

The same physiologic arguments that favor per-
missively managing high blood pressure and avoid-
ing hypotension raise the question of whether
inducing hypertension through the use of vasopres-
sors might improve outcomes of stroke. This hy-
pothesis has been bolstered by animal studies and
imaging data that suggest improved perfusion to
the area of injury with vasopressor-induced hyper-
tension.**~*® However, there are concerns that this
strategy may increase edema and hemorrhage and
create the potential for vasopressor-induced myo-
cardial ischemia or arrhythmias. Although the re-
sults of small trials have appeared promising, par-
ticularly for patients with large vessel stenosis, at
this point induced hypertension is still considered
experimental until the results of larger randomized,
controlled trials provide greater support for this
procedure. 394!

Chronic Blood Pressure Control for Secondary Prevention
of Stroke

Multiple trials have demonstrated that interven-
tions to treat chronic hypertension can reduce the
rate of future strokes.'***** The PROGRESS trial
demonstrated that blood pressure reduction with
combination therapy decreased stroke recurrence
by 43%.** Clearly long-term blood pressure control
is a vital component of secondary prevention of
stroke. Based on the results of the PROGRESS and
ACCESS trials, it is suggested that angiotensin-con-
verting enzyme (ACE) inhibitors or angiotensin re-
ceptor blockers, potentially with additional diuretic
therapy, are beneficial in the treatment of chronic
hypertension following cerebrovascular acci-
dent.?>*? The issue of optimal medication class is
not settled. Recommendations are to treat chroni-
cally elevated blood pressure to lower and maintain
it at less than 140/80 mm Hg. Because there is no
single threshold level of blood pressure beyond
which the risk of cerebrovascular disease increases,
reduction below this cut point may still offer incre-
mental benefit.'**>*® The timing of initiation of
therapy to reach secondary-prevention goals is not
addressed in current guidelines, although some au-
thors recommend waiting days to weeks after an
acute stroke before starting therapy."*” For a pa-
tient who remains hypertensive at discharge, it is
incumbent on the hospitalist to communicate the
plan for initiation of antihypertensive agents to the
patient and the primary care physician in order to
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ensure that this critical secondary prevention mea-
sure is addressed.

Areas of Ambiguity and Need for Future Research
Within an evidence-guided practice, there are still
many areas for which the evidence to date does not
answer important clinical questions about patient
management. Whether a patient’s prestroke base-
line blood pressure should be considered in indi-
vidualizing blood pressure goals is unclear, as is the
question of whether to continue or hold previous
chronic antihypertensive therapy. Given the many
stroke subtypes, from tiny lacunar infarcts with lit-
tle collateralization to massive malignant middle-
cerebral infarctions, should blood pressure man-
agement be individualized according to the likely
size and duration of the peri-infarct penumbra?
Research is needed to determine whether reducing
blood pressure to a specific target will improve
outcome and the optimal timing of therapy to
achieve secondary prevention goals. Finally, using
the concept of the penumbra as the theoretical
physiologic basis for current blood pressure recom-
mendations, there exists a potential for rapidly
evolving neuroimaging techniques to help define
the presence, size, and duration of the penumbra to
guide these decisions.

CONCLUSIONS

Management of blood pressure after acute ischemic
stroke differs from that of many other hypertensive
conditions because of the need to preserve perfu-
sion of the peri-infarct penumbra. Evidence to date
suggests little benefit and potential harm from
acutely lowering blood pressure after stroke, al-
though there have not been large randomized trials
examining outcomes when blood pressure is low-
ered to a prespecified goal. Current consensus
guidelines suggest that blood pressure may be
managed permissively up to 220/120 mm Hg when
thrombolysis is not administered and to 180/105
mm Hg when thrombolysis is performed. Data sug-
gest that low-dose antihypertensive therapy such as
ACE inhibitors or angiotensin receptor blockers
may be safe in the acute setting if pressure is re-
duced by less than 10%-15%.'"*> However, the ev-
idence is not sufficiently strong for this practice to
be routinely recommended. At this point, it is rec-
ommended that hypotension be aggressively treat-
ed; however, induced hypertension remains a
promising but unproven therapy. Evidence is
strong that long-term blood pressure control is key

to secondary prevention of stroke, but the timing of
its initiation remains poorly determined.
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