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Abstract

Hypertension is a major risk factor for stroke and many patients with acute
stroke have elevated blood pressures. The management of hypertension in the
setting of acute ischaemic stroke remains a source of confusion and controversy.
Lowering blood pressure in this setting may be hazardous because of impaired
cerebral autoregulation. Treatment may be considered in patients who are other-
wise candidates for thrombolytic therapy, patients who have severe hypertension
or patients who have specific concomitant medical conditions including acute
myocardial infarction, aortic dissection, hypertensive encephal opathy, or severe
left ventricular failure.

In choosing an agent for acute treatment, drugs that can produce a precipitous
declineinblood pressure (e.g. sublingual cal cium antagonists) should be avoided.
Drugs with the capacity to dilate cerebral vessels should be used with caution as
they have the potential to increase intracrania pressure. Long term management
of hypertension in poststroke patients is often required. The potential for certain
classes of drugs (e.g. az-adrenergic receptor agonists and o 1-adrenergic receptor
antagonists) to impair the recovery process should be considered when choosing
an antihypertensive for treatment of these patients.

The management of hypertension in the setting
of acute stroke remains a source of confusion and
controversy. Thisreflectsageneral lack of prospec-
tive, randomised datato addressthiscommonly en-
countered clinical problem. Most physicians rec-
ognise that hypertension is one of the primary risk
factors for both ischaemic stroke and primary in-
tracerebral haemorrhage.[*2 Blood pressureisfre-
guently elevated in patients presenting with stroke.

This presents one incentive for physicians caring
for patients presenting with stroke to trest el evations
in blood pressure. However, because of patho-
physiological changesthat occur with acute stroke,
aggressive lowering of the blood pressure is
viewed as being hazardous.

The articles used for thisreview wereidentified
through aMedline search and through examination
of reference bibliographies.
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1. Blood Pressure and Pathophysiology
of Acute Ischaemic Stroke

Cerebral blood flow is determined by the rela-
tionship between cerebral perfusion pressure and
cerebrovascular resistance.[®!

cerebral perfusion pressure

cerebral blood flow = -
cerebrovascular resistance

Cerebral perfusion pressure is determined by
the difference between mean arterial pressure and
venous back-pressure, where:

mean arterial pressure = (systolic blood pressure + 2 x
diastolic blood pressure)/3

In healthy individuals (i.e. those without in-
creased intracranial pressure), venous pressure is
negligible and cerebral perfusion pressure is re-
flected by the mean arterial pressure.l®l Therefore,
the above equation can be rewritten as:

mean arterial pressure
cerebrovascul ar resistance

cerebral blood flow =

Asreflected by this equation, through a physio-
logical response termed autoregulation, when arte-
rial pressure is lowered, there is a compensatory
reduction in cerebrovascular resistance though di-
lation of cerebral arterioles to maintain constant
cerebral blood flow. In nonhypertensiveadults, this
autoregulation is effective for mean arterial pres-
sures ranging from approximately 60 to 150mm
Hg.[®! If mean arterial pressure decreases below the
level that can be compensated by decreasing cere-
brovascular resistance, cerebral blood flow de-
creases.

Cerebrovascular resistance (and therefore the
autoregulatory relationship) is affected by the lev-
els of respiratory gases (oxygen and carbon diox-
ide).l*l Local braintissuelevelsof theserespiratory
gasesare atered in the setting of ischaemiaand can
result in impaired autoregulation in both normo-
tensive and chronically hypertensive patients (i.e.
changes in cerebrovascul ar resistance may not oc-
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cur in response to changes in mean arterial pres-
sure).[® Thus, in the setting of acute stroke, the
zone of marginal perfusion surrounding an area of
denseischaemia(i.e. the*penumbra) ispotentially
vulnerable to even small decreases in blood pres-
sure.l8l Elevations in blood pressure observed in
patients with acute stroke may represent a protec-
tive mechanism to maintain blood flow in this peri-
infarct region.[”]

Patients with chronic hypertension may be at
even greater risk from reductionsin blood pressure
in the setting acute ischaemic stroke than patients
who were previoudy normotensive. Chronic hyper-
tension lessens the vasodilatory capacity of cere-
bral arterioles causing an upward shift of the auto-
regulatory range.l38 Therefore, the lower limit of
autoregulation is raised. Further, blood flow via
collateralsiscompromised in patientswith chronic
hypertension.!8! In addition to these pathophysio-
logical observations that raise concern that lower-
ing blood pressurein the setting of acuteischaemic
stroke may be hazardous, lowering blood pressure
also risks further decreasing distal perfusion on a
haemodynamic basis in patients with high grade
stenotic lesions.]

Theoretical benefits of treating hypertension in
the setting of acute ischaemic stroke include les-
sening therisk of haemorrhagic transformation, re-
duction of oedema formation, and preventing fur-
ther vascular damage.[®! The potential impact of
lowering blood pressure on reducing the risk of
haemorrhagic transformation of an ischaemic
stroke remains hypothetical I3l There are no clear
data demonstrating that acutely elevated blood
pressures worsens stroke-related neurological def-
icits. As pointed out by Powers,[®! Britton and Car-
Issonl9 found no relationship between severe hy-
pertension on hospital admission (systolic blood
pressure >200mm Hg and diastolic blood pressure
>115mm Hg) and progression of stroke symp-
toms.[19 A large community-based study found
that stroke progression was inversely related to
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systolic blood pressure on admission; the higher
the blood pressure, thelower therisk of stroke pro-
gression (therelativerisk of progression decreased
by 0.66 per 20mm Hg increase in admission blood
pressure).['1 However, Chamorro and co-workerg 4!
found that a 20 to 30% drop in mean arteria pres-
sure on the second day after stroke almost tripled
the odds of full neurological recovery. Brain oe-
dema was less frequent in patients with a greater
drop in blood pressure. Of 49 patients with adrop
in mean arterial pressure of >30%, 8% worsened
neurologically. This retrospective study (patients
were not randomised to treatment or control con-
ditions) did not include patients treated with par-
enteral agents.

It isimportant to recognisethat acute elevations
in blood pressure in patients with ischaemic stroke
often spontaneously decline. In 1 study, blood
pressurewas elevated at thetime of hospital admis-
sion in 85% of 334 consecutive stroke patients.[13!
Systolic blood pressure declined an average of
20mm Hg and diastolic blood pressure decreased
by an average 10mm Hg over the ensuing 10 days
without specific antihypertensive therapy. Other
studies have reported similar findings.[12-14-16]

2. Blood Pressure Management
in Acute Ischaemic Stroke

If treatment of hypertension in the setting of
acute ischaemic stroke is potentially hazardous,
under what circumstances should intervention be
considered? Detailed guidelines have been devel-
oped by the American Heart Association.[1”] Based
on the pathophysiological considerations pre-
viously reviewed, it is recommended that treat-
ment of acute hypertension generally be deferred
unless the patient is otherwise a candidate for
thrombolytic therapy, has severe hypertension or
has specific concomitant medical conditions in-
cluding: (i) acute myocardial infarction; (ii) aortic
dissection; (iii) hypertensive encephalopathy; or
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(iv) severe left ventricular failure. Parameters for
severe hypertension are not clearly defined, but
thresholds of systolic blood pressures >220mm Hg,
diastolic blood pressures >120mm Hg, or mean ar-
terial pressures>130mm Hg have been used based
on the upper limits of autoregulation in healthy
individuals. When considering treatment, elevated
blood pressure should be documented by at least
two readings obtained 5 minutes apart. Automatic
monitoring devices are useful for providing semi-
continuous blood pressure data.

When treating hypertension in the setting of
acute ischaemic stroke, the use of sublingual
agents such asnifedipine should be avoided asthey
can produce arapid drop in blood pressure that is
difficult to reverse. In general, drugs such as sodium
nitroprusside, calcium antagonists and hydralazine
are to be avoided except in stroke patients with
very severe hypertension asthey are cerebral vaso-
dilators that can increase cerebral blood flow, im-
pair autoregulation, and increase intracranial pres-
sure.l¥l In contrast, 3-blockers and ACE inhibitors
do not significantly affect blood flow.[3l As with
other B-blockers, labetalol should be avoided in
patients with asthma, congestive heart failure, or
cardiac conduction abnormalities. Enalapril is a
reasonable alternative for these patients. Nitro-
paste, atopical formulation of nitroglycerin (glyceryl
trinitrate), is easily applied and can be removed if
blood pressure drops too rapidly. However, nitro-
paste may also dilate cerebral vessels. Table | sum-
marises preferred treatment guidelines.

Many stroke patients have been previously pre-
scribed antihypertensives. Because of the risk of
rebound hypertension with some agents (i.e.
clonidine), the drug may be continued if the patient
has been reliably taking the medication and if the
blood pressureisnot low. However, aspatientswill
be closely monitored in the acute setting, it is often
reasonable to withhold antihypertensives until
they are neurologically stable.
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Table I. Antihypertensive guidelines for nonthrombolytic candi-
dates!*”]

Blood pressure Treatment Comments

DBP >140mm Hg Sodium Target is 10 to 20%
nitroprusside DBP reduction
0.5 pg/kg/min

SBP >220mm Hg Labetalol 10 to
DBP >120mm Hg 20mg IV over 1 to
MAP >130mm Hg 2 min
Repeat or double
g20minto a
maximum of
150mg

DBP = diastolic blood pressure; MAP = mean arterial pressure;
g X min = every x minutes; SBP = systolic blood pressure.

Alternative is enalapril

Although empirically determined, treatment
with altepl ase (recombinant tissue plasminogen ac-
tivator; rt-PA) under US National Institutes of
Health protocol guidelinesis generally not recom-
mended for those patients with a systolic blood
pressure >185mm Hg or adiastolic blood pressure
>110mm Hg.!18! In patients who are otherwise can-
didatesfor alteplase, theapplication of 1to 2inches
of nitropaste or the administration of 1 to 2 intra-
venous doses of |abetalol 10mg may be used in an
attempt to carefully reduce blood pressure to
within these parameters.[1”] If the blood pressure
does not respond to these measures or is not main-
tained at these levels, thrombolytic therapy with
intravenous alteplase should be withheld. Strict
monitoring of blood pressure is required after al-
teplase is administered (every 15 minutes for 2
hours, then every 30 minutes for 6 hours, then ev-
ery hour for 16 hours). Blood pressure manage-
ment of patients who have been treated with al-
teplase are given in the table 1.

Of the 624 patients in the National Institute of
Neurological Diseases and Stroke rt-PA Stroke
Trial, 19% had hypertension on admission and 60%
had hypertension in the 24 hours after randomisa-
tion.l% Prerandomisation treatment of hyperten-
sion had no effect on 3-month favourable outcomes
for either alteplase or placebo-treated groups. For
placebo-treated patients with hypertension in the
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24 hours after randomisation, clinical outcome
measures were similar for those who did and did
not receive antihypertensive therapy. However, the
proportions of placebo patients treated and not
treated with antihypertensives having abrupt de-
clinesin blood pressure were similar. For alteplase
patients with hypertension in the 24 hours after
randomisation, those who were treated with anti-
hypertensives were more likely to have abrupt de-
clines in blood pressure and less likely to have a
favourable outcome at 3 months. Careful attention
to blood pressure and gentle management were rec-
ommended for patients treated with alteplase.
However, it should be recognised that these analy-
seswere carried out post hoc and the recommenda-
tion is not based on prospective, randomised data.

3. Postacute Management
of Blood Pressure

Despite the decline in blood pressure seen dur-
ing the acute hospitalisation in patients with isch-
aemic stroke, marked increasesin both systolic and
diastolic blood pressure occur in 2 out of 3 of pa-
tients examined 1 month after hospital dis

Table Il. Antihypertensive guidelines after thrombolysis!*”]

Blood pressure Treatment Comments

DBP >140mm Hg Sodium nitroprusside
0.5 pg/kg/min

SBP >230mm Hg Labetalol Consider

DBP >121 to 140mm 10mg IV over 1to 2 min  sodium

Hg Repeat or double g 10 nitroprusside
min to a maximum of if blood
150mg or give initial pressure not
bolus followed by controlled
labetalol drip at 2 to 8 with labetalol

mg/min
SBP 180 to 230mm Hg Labetalol 10mg IV over
DBP 105 to 120mm Hg 1 to 2 min
Repeat or double g 10
min to a maximum of
150mg or give initial
bolus followed by
labetalol drip at 2 to 8
mg/min
DBP = diastolic blood pressure; MAP = mean arterial pressure;
g X min = every x minutes; SBP = systolic blood pressure.
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charge.l?0 These elevated blood pressures re-
mained stable over 1 year of follow-up. Thereisa
clear relationship between chronic systolic and di-
astolic blood pressure after stroke and the rate of
recurrent stroke.[21] Therefore, most stroke patients
will eventually require pharmacological treatment
for chronic hypertension. A meta-analysis of all
available randomised controlled clinical trials as-
sessing the effect of blood pressurelowering drugs
on clinical outcomes in patients with prior stroke
or transient ischaemic attack found that stroke re-
currence was significantly reduced with treat-
ment.[22 Perindopril Protection Against Recurrent
Stroke Study (PROGRESS) is a multicentre, pro-
spective, randomised, placebo-controlled trial de-
signed to determine whether ACE inhibitor—based
blood pressure lowering reduces the risk of recur-
rent stroke in patientswith ahistory of cerebrovas-
cular disease and will provide important data re-
garding treatment of poststroke hypertension.[23]

The choice of agent for long term management
of blood pressure in patients recovering from
stroke is often dictated by other medical concerns.
However, data are accruing that suggest certain
centrally acting antihypertensives may impair
poststroke recovery.[?4 These potentially detri-
mental antihypertensivesinclude o,-adrenergic re-
ceptor agonists (e.g. clonidine) and o ;-adrenergic
receptor antagonists (e.g. prazosin). Until more
dataare available, these classes of drugs should be
avoided if possible in patients recovering from
stroke.

4. Conclusion

Lowering blood pressure in the setting of acute
ischaemic stroke may be hazardous, and when re-
quired (severe hypertension, concomitant medical
conditions, candidates for thrombolysis) should be
done gently to avert rapid drops in mean arterial
pressure. Drugs with a propensity to cause precip-
itous reductions in blood pressure and agents that
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may produce vasodilatation of the cerebral vas-
culature should be avoided. The potential effects
on recovery should be considered when choosing
drugs to treat chronic hypertension in poststroke
patients. Datato definitively addressissuesrelated
to acute and subsequent blood pressure manage-
ment of stroke patients can only be obtained
through appropriate randomised controlled trias.
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