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Abstract

High blood pressure (BP) is common after ischemic stroke and associated with a poor functional 

outcome and increased mortality. The conundrum then arises on whether to lower BP to improve 

outcome or whether this will worsen cerebral perfusion due to aberrant cerebral autoregulation. 

A number of large trials of BP-lowering have failed to change outcome whether treatment was 

started prehospital in the community or hospital. Hence, nuances on how to manage high BP 
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are likely, including whether different interventions are needed for different causes, the type and 

timing of the drug, how quickly BP is lowered, and the collateral effects of the drug, including on 

cerebral perfusion and platelets. Specific scenarios are also important, including when to lower BP 

before, during, and after intravenous thrombolysis and endovascular therapy/thrombectomy, when 

it may be necessary to raise BP and when antihypertensive drugs taken before stroke should be 

restarted. This narrative review addresses these and other questions. Although further large trials 

are ongoing, it is increasingly likely that there is no simple answer. Different subgroups of patients 

may need to have their BP lowered (e.g. prior to or after thrombolysis), left alone, or elevated.

INTRODUCTION

Managing blood pressure (BP) in the acute phase of ischemic stroke is an important problem 

in stroke care, with high BP present in 70% of patients. Typical decisions relate to patients 

needing reperfusion. Guidelines recommend that high BP exceeding 185/110 mmHg be 

lowered before thrombolysis 1, 2 but without specifying what drug(s) to use and what target 

BP should be lowered. Outside of thrombolysis, there is even less certainty. Although 

the management of BP in acute stroke has been debated since 1985,3–5 there has been 

little advance in our knowledge over the last 35 years despite the completion of numerous 

randomized-controlled clinical trials (RCTs), almost all of which were neutral or negative 

for effect on functional outcome. As a result, the management of BP in acute ischemic 

stroke remains controversial.6, 7

Simply lowering BP does not seem to alter outcome in the acute phase of ischemic 

stroke, and clearly, some nuances need to be considered. First, the causes of high BP 

are multitudinous and vary between patients.8 High BP in the acute stroke setting can be 

proactive and/or reactive to the stroke. In this respect, treating hypertension that contributed 

to the stroke may make more sense than lowering BP that increased in response to 

the stroke, as occurs with increasing intracranial pressure. Second, antihypertensive drug 

classes vary in their targets and hormonal and collateral effects, so administering one class 

may be more appropriate than using another. For example, targeting the renin-angiotensin-

aldosterone system (RAAS) may be unhelpful if hypertension is related to sympathetic 

stimulation. Equally, using ß-blockers may be inappropriate in low cardiac output states. 

Third, timing may be critical; for example, lowering BP in the ultra-acute period may be 

hazardous whilst collaterals have not opened adequately, and cerebral perfusion depends 

on BP. The following review addresses these and other questions in more detail. Where 

possible, we focus on the results of RCTs rather than observational studies, which inevitably 

suffer from indication and other forms of bias. Trials of BP lowering have focused on two 

strategies, either using a specific drug or comparing intensive versus guideline BP targets 

(Figure 1). We describe these by following the ABCD approach to lowering BP 9 and adding 

other drug classes and target trials. Additional information is given in the Supplement. This 

is a narrative review and there are no data for sharing.
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PATHOPHYSIOLOGY AND EPIDEMIOLOGY

Patients admitted with stroke have consistently higher BP levels than patients hospitalized 

for other causes. Up to 75% of acute stroke patients have BP >140/90 mmHg at the time of 

hospital admission.10

Elevated BP in the acute phase may, in part, result from previous arterial hypertension 

but also from physiological responses to brain injury in addition to the stress of acute 

hospitalization. The hypertensive response is likely multifactorial and influenced by the 

underlying etiology.7 Data from the prehospital setting suggest that patients with small 

vessel disease have higher BP than those with a cardioembolic etiology. The higher 

blood pressure observed in small vessel disease may represent the rightward shift in 

the autoregulatory curve due to long-standing hypertension rather than the effect of the 

infarct itself. Similar observations have been seen in patients with deep versus lobar 

intracerebral haemorrhage.11 A more dynamic movement in blood pressure to ensure 

cerebral perfusion in large vessel occlusion stroke is supported by the drop in BP observed 

after recanalization of a large vessel occlusion, most commonly caused by cardiac emboli.12 

Many factors contribute to the hypertensive response, such as excessive sympathetic 

and renin-angiotensin-aldosterone system activity, increased cortisol and inflammatory 

cytokines, pain and stress associated with acute hospitalization, baroreceptor dysfunction, 

and in some patients, increased intracranial pressure (Cushing’s reflex).8 The sympathetic 

and parasympathetic systems are predominantly lateralized in the left and right cerebral 

hemispheres, respectively. The prefrontal and insular cortex are involved in autonomic 

control with connections to the brainstem nuclei, mainly the solitary tract and the 

ventrolateral medulla. The amygdala, cingulate gyrus, and hypothalamus are also involved 

in BP control.13 Thus, direct damage to inhibitory modulatory centers or even indirect 

effects of reduced parasympathetic activity, resulting in a reduction in the sensitivity of 

baroreceptors, may be mechanisms specifically related to stroke that explain the acute 

stroke-related hypertensive response.14

A spontaneous drop in BP is observed in two-thirds of patients over the first week after 

hospital admission 7, 15 with a significant reduction occurring within 10 hours of the first 

measurement.16 This fall in BP may result from the patient’s adaptation to the hospital 

environment and normalization of cerebral autoregulation following recanalization of large 

vessel occlusion.17 Cerebral autoregulation is a mechanism by which cerebral blood flow is 

maintained constant over a range of cerebral perfusion pressure between 60 - 150 mmHg 

and depends on myogenic, neurogenic, and metabolic mechanisms.18 Autoregulation is 

usually impaired in acute stroke and can result in a linear relationship of cerebral blood flow 

and cerebral perfusion pressure that depends on mean arterial pressure. Hence, sudden drops 

in BP can reduce cerebral blood flow and thus increase the volume of ischemic damage.19 

In contrast, increases in BP lead to a progressive contraction of arterioles up to the upper 

limit of autoregulation, after which passive vasodilation, increased cerebral blood flow, and 

damage to the blood-brain barrier leads to cerebral edema.20 In chronically hypertensive 

patients, the cerebral autoregulation curve may be moved to the right by vessel stiffening and 

the presence of luminal narrowing.21 In patients with acute ischemic stroke, autoregulation 

in the ischemic region and the peri-ischemic region are usually altered.22 Dysfunction of the 
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autoregulation curve can occur even in the contralateral hemisphere due to vasodilation in 

response to ischemia and activation of the collateral network. A transcranial Doppler study 

to assess cerebral vasoreactivity in the acute phase of ischemic stroke suggests that a flow 

stealing phenomenon from the affected to the unaffected hemisphere (also referred to as the 

reversed Robin Hood syndrome 23) may sometimes occur.

U-shaped associations between high and low BP and poor short- and long-term outcomes 

have been demonstrated in different cohorts globally.24–27 These outcomes are partly 

mediated by increased early recurrence, death from cerebral edema in patients with high 

BP, and increased ischemic cardiac events in patients with low BP. Although hypotension 

is uncommon in stroke patients, low BP levels can be associated with sepsis, arrhythmias, 

heart failure, acute myocardial infarction, aortic dissection, and hypovolemia. In addition to 

systolic BP, mean arterial pressure, pulse pressure, and systolic pressure variability are also 

associated with neurological deterioration, recurrent stroke, and death.28 The relationship 

between BP levels and post-stroke clinical outcomes was evaluated in a systematic review 

of 18 studies and showed that patients with high admission BP had a 1.5 to 5 times greater 

chance of death and long-term dependence.29

Reperfused but previously ischemic/oligemic brain is likely to be most susceptible to 

failure of cerebral autoregulation. Animal studies have shown that blood-brain barrier 

disruption is more significant in rat models with transient middle cerebral artery occlusion 

followed by reperfusion than rat models with permanent cerebral artery occlusion.30 Rat 

studies have also shown that reperfused arteries (after transient ischemia) significantly lose 

their myogenic tone, resulting in an inability to vasoconstrict in response to increased 

systemic pressure.31 This can lead to significant hyperemia in brain tissue with existing 

blood-brain barrier disruption, resulting in hemorrhagic complications and inflammatory 

consequences. Lastly, cerebral arteries that are transiently occluded and then reperfused have 

less myogenic tone and cerebral autoregulatory capabilities.32 Thus, hemodynamic changes 

may be significant not only immediately after reperfusion but for several hours after.

PREHOSPITAL TRIALS IN PATIENTS WITH SUSPECTED STROKE

Treatment for acute stroke should be initiated as early as possible after symptom onset. 

BP management is an accessible, easy-to-administer, and low-cost intervention. Without 

access to imaging, treatments started in the prehospital setting must be safe in both ischemic 

stroke and intracerebral hemorrhage. Several randomized trials have explored the feasibility, 

effect on BP, safety, and efficacy of antihypertensive therapy administered in the ambulance 

in patients with suspected acute stroke; many of these studies recruited patients with 

hypertension as defined by the World Health Organization, i.e. systolic BP >140 mmHg.

ACE-I trials

The UK-based Paramedic Initiated Lisinopril For Acute Stroke Treatment (PIL-FAST) 

feasibility trial 33 recruited 14 patients with suspected stroke within three hours of symptom 

onset and systolic BP >160mmHg. Participants were randomized to sublingual lisinopril (5 

mg), or placebo and treatment started in the ambulance. As compared to placebo, lisinopril 

was associated with a lower BP at hospital arrival, 171 (30)/91 (23) mmHg versus 177 
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(20)/97 (16) mmHg, and 4 hours after admission, 143 (47)/74 (23) mmHg versus 159 

(35)/79 (24) mmHg. No information on long-term outcomes was collected.

NO donor trials

The UK-based Rapid Intervention with Glyceryl Trinitrate in Hypertensive Stroke trial 

(RIGHT) 34 tested the feasibility and role of paramedics in performing an ambulance-based 

trial in patients with ultra-acute suspected stroke. RIGHT randomized 41 patients with Face 

Arm Speech Time (FAST) score of 2 or 3, within 4 hours of symptom onset and systolic 

BP ≥140 mmHg to receive either transdermal glyceryl trinitrate (GTN, nitroglycerin) or 

none. The primary outcome of systolic BP at two hours post-randomization was reduced 

significantly by 18 mmHg in the GTN group. GTN treatment was associated with improved 

functional outcome with a shift to independence at 90 days assessed using the modified 

Rankin scale (mRS) (p=0.04). There was no difference in death (16% versus 37.5%, p=0.15) 

or serious adverse events (SAEs) (56% versus 63%, p=0.75).

The larger Rapid Intervention with Glyceryl trinitrate in Hypertensive stroke Trial 

(RIGHT-2) 35 followed RIGHT and randomized 1149 patients in the UK with suspected 

acute stroke (FAST score of 2 or 3) and systolic BP ≥120 mmHg to GTN or sham. The BP 

level of >120 mmHg was chosen since the trialists had moved to the hypothesis that GTN 

might aid collateral reperfusion and not just lower BP. Prehospital administration of GTN 

did not alter functional outcome (mRS) at 90 days in either patients with confirmed stroke or 

transient ischemic attack (adjusted commons odds ratio for poor functional outcome, acOR 

1.25, 95% CI 0.97-1.60; p=0.083) or in all participants (acOR 1.04, 95% CI 0.84-1.29; 

p=0.69). There were no differences in secondary outcomes, death, or SAEs between the 

two groups. Although GTN was associated with a worse outcome in ICH,36 mRS at 90 

days was better with GTN in mimics and did not differ in participants with ischemic stroke 

(acOR 1.13, 95% CI 0.86-1.48; n=706) (P Bath, personal communication). A meta-analysis 

of participants treated early in ENOS 37 (which is discussed in hospital-based trials section) 

and in RIGHT 34 and RIGHT-2 35 found no difference in the outcomes of death at 90 days 

(OR 0.52, 95% CI 0.16–1.72; p=0.28, I2=86%) or functional outcome (OR 0.80, 95% CI 

0.59–1.10; p=0.17, I2=16%).35

Guidelines

Based on the existing published evidence, the ESO guideline on BP management in acute 

ischemic stroke and intracerebral hemorrhage recommended against routine BP lowering 

in the prehospital setting in patients with suspected stroke (quality of evidence: moderate; 

strength of recommendation: weak).2 The current situation is unsatisfactory, and further 

trials are needed urgently, especially since drugs such as GTN and labetalol are widely 

used in hospitals during the first few hours after stroke onset. Further, guidelines are firm 

in recommending lowering BP below 185/110 mmHg before thrombolysis 38, 39 and so 

lowering BP in the ambulance could reduce the time in hospital to initiate reperfusion 

therapy, as suggested in RIGHT.34
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HOSPITAL-BASED TRIALS IN PATIENTS WITH ISCHEMIC OR MIXED 

STROKE

There are still many gaps in defining ideal BP management in patients with acute ischemic 

stroke. A Cochrane review including 26 clinical trials with more than 17,000 participants 

suggested insufficient evidence for lowering BP in the acute phase of ischemic stroke. 

Most of the data in this review evaluated studies with wide variability in time to onset of 

antihypertensive medications, with only four studies administering medications within six 

hours. The included studies evaluated the use of ACE-I, angiotensin receptor antagonists, 

alpha-2 adrenergic agonists, calcium channel blockers, diuretics, nitric oxide donors, and 

target-driven BP lowering.40

ARB trials

The Acute Candesartan Cilexetil Therapy in Stroke Survivors (ACCESS) study randomized 

339 patients with ischemic stroke and BP ≥180/105 mmHg to receive seven days of 

oral candesartan or placebo within 36 hours of symptom onset. Twelve-month mortality 

and cardiovascular outcomes (secondary outcome) were reduced in patients receiving 

candesartan, although there was no difference in functional outcomes at three months.41 

A post hoc analysis of the PRoFESS study (Prevention Regimen for Effectively Avoiding 

Second Strokes) evaluated the effect of adding telmisartan versus placebo to conventional 

antihypertensive therapy in 1360 patients with acute ischemic stroke recruited within 72 

hours of the ictus. Telmisartan was safe and associated with reduced BP by 6–7/2-4 

mmHg but no difference in functional outcome, death, stroke recurrence, or recurrence 

of cardiovascular events. Patients included in the PRoFESS study had lower BP levels than 

patients evaluated in the ACCESS study, were recruited later and treated for a more extended 

period.42, 43

The SCAST study (Scandinavian Candesartan Acute Stroke Trial) recruited 2029 patients 

with ischemic or hemorrhagic stroke within 30 hours of symptom onset who had systolic 

BP greater than ≥140 mm Hg. Patients received candesartan or placebo for seven days. 

BP fell in the studied groups, but there was a greater reduction in the group treated 

with candesartan. The study evaluated co-primary outcomes of cardiovascular recurrence 

and stroke functional outcome. Although recurrence was neutral, functional outcome 

measured using the modified Rankin scale was non-significantly worse in patients receiving 

candesartan,44 a finding that appeared to be localized to participants with ICH.45 Neutral 

and negative results of angiotensin receptor antagonists suggest harmful effects of this class 

of medication on cerebral perfusion, increasing ischemic injury.

Beta-blocker trials

The BEST study evaluated the use of ß-blockers (atenolol or propranolol) at low doses 

and showed increased mortality in patients treated within the first 48 hours of symptom 

onset. The negative inotropic effect of ß-blockers may be associated with worsening cerebral 

perfusion, although there are no physiological data to support this hypothesis.46
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CCB trials

An analysis of the INWEST study (Nimodipine West European Stroke Trial) showed 

a significant correlation between reduced diastolic BP with nimodipine and worsening 

neurological examination. Patients with a reduction in diastolic pressure greater than 

20% had a higher risk of dependence and disability.12 A subsequent systematic review 

evaluated the use of calcium channel blockers in acute stroke. It showed that higher doses, 

administration within 12 hours of symptom onset, and the intravenous route were associated 

with worse outcomes.13 A comparable trial in the US found similar results.47 The harmful 

effects of calcium channel blockers in the acute phase of stroke may be mediated by 

reductions in regional cerebral flow.

Diuretic trials

There are limited data on the use of diuretics in the acute phase of stroke. A small study 

evaluated the use of Bendroflumethiazide, a thiazide diuretic, in 37 patients with ischemic 

stroke within 96 hours of symptom onset. There was no difference in BP levels over seven 

days of treatment, and there was also no difference in cerebral blood flow measurements.48

NO donor trials

The ENOS study included 4011 patients with ischemic or hemorrhagic stroke within 

48 hours of symptom onset who were randomized to receive transdermal glyceryl 

trinitrate (GTN) patches 5 mg versus placebo for seven days. Additionally, patients using 

antihypertensive drugs before the stroke were randomized to continue or to stop their 

medications. GTN significantly reduced BP as compared to placebo and was safe but did not 

alter functional outcome.49 However, a pre-specified subgroup analysis in patients treated 

within the first six hours of symptom onset showed a benefit on the modified Rankin scale, 

mortality, cognitive improvement, mood and quality of life, in both ischemic stroke and 

intracranial hemorrhage.37

Mixed drug class trials

Clonidine (α2-adrenoreceptor agonist), nicardipine, and captopril versus placebo were tested 

in a small randomized controlled trial in patients with middle cerebral artery occlusion 

within 72 hours of symptom onset. There was a drop in BP in both groups but no difference 

in clinical outcomes.50

The CHHIPS trial (Controlling Hypertension and Hypotension Immediately Post-Stroke) 

included 179 patients with ischemic or hemorrhagic stroke within 36 hours of symptom 

onset with systolic BP >160 mm Hg. Three groups of patients received oral labetalol 

(50mg), lisinopril (50mg), or placebo; dysphagic patients received intravenous labetalol, 

sublingual lisinopril, or placebo. The dose of medication was progressively increased until a 

pressure between 145-155 mmHg or a reduction of 15 mmHg was achieved at four and eight 

hours after randomization. There was no difference in the functional outcome assessed using 

the modified Rankin scale at 14 days.51
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Target BP trials

The CATIS study (China Antihypertensive Trial in Acute Ischaemic Stroke) enrolled 4071 

hypertensive patients (systolic BP 140–220 mm Hg) within 48 hours of symptom onset. 

Patients were randomized to receive a 10-25% BP reduction within the first 24 hours 

of symptom onset, maintain a BP <140/90 mm Hg within seven days, or receive no 

antihypertensive medications. The study did not use any specific BP control regimen but 

suggested using intravenous angiotensin-converting enzyme inhibitors as first-line therapy 

and oral calcium channel blockers as a second option. Mean systolic BP dropped by 13% 

within 24 hours of randomization in the treatment group versus 7% in the control group.52 

Patients had mild strokes with a mean NIHSS of 4, and 66% of patients in the control group 

were independent within two weeks. In addition, the study excluded patients with carotid 

disease as an etiology and patients treated with intravenous thrombolysis. The primary 

functional outcome was neutral, which may have reflected, in part, the inclusion of mostly 

mild strokes.

ACUTE BP MANAGEMENT IN THE SETTING OF REPERFUSION 

TREATMENT

The optimal hemodynamics following acute stroke has perplexed clinicians for decades, 

and BP management in patients undergoing acute stroke reperfusion treatments remains an 

important unresolved issue. Because of failure of autoregulation, the acutely injured brain 

is particularly susceptible to changes in perfusion pressure.53 Small fluctuations in systemic 

BP can lead to significant hyper- or hypoperfusion, which can be detrimental to already 

injured brain tissue. These risks may be heightened during reperfusion due to hemorrhagic 

complications, blood-brain barrier disruption and reperfusion-induced vascular injury. Thus, 

BP management in patients undergoing reperfusion therapies requires a careful balance of 

these opposing risks.

Thrombolysis

The current American Heart Association/American Stroke Association (AHA/ASA) acute 

stroke management guidelines and recent European Stroke Organization recommendations 

on acute stroke BP management support BP lowering below 185/110mmHg before initiating 

intravenous thrombolysis.1, 2 This recommendation is based on the NINDS tPA trial, which 

excluded patients with BP >185/110 mmHg from receiving tPA.54 In addition, several 

observational studies have suggested that elevated SBP prior to thrombolytic administration 

is associated with higher odds of symptomatic intracerebral hemorrhage.55, 56 However, 

aggressive BP lowering before reperfusion therapy may exacerbate cerebral hypoperfusion 

and cause further ischemic core growth. The optimal BP levels below which thrombolytics 

are safe remain an area of speculation without strong supporting data, as discussed in the 

Supplement.

The current AHA/ASA and ESO guidelines recommend maintaining BP <180/105 mm 

Hg for 24 hours post-intravenous thrombolytic administration.1, 57 In patients treated with 

intravenous thrombolysis, hypertension usually resolves after recanalization.58 Higher BP 

post tPA and BP protocol violations have been associated with an increased risk of 
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intracerebral hemorrhage and a lower incidence of functional independence.55, 59, 60 Several 

randomized trials have tested the efficacy of BP lowering post-tPA administration without 

success. The recent phase III randomized-controlled ENCHANTED (Enhanced Control of 

Hypertension and Thrombolysis Stroke Study) trial found a lower rate of intracerebral 

hemorrhage in patients randomized to the intensive BP lowering arm (target SBP 130-140 

mm Hg after tPA) when compared to patients treated with guideline-recommended SBP 

goal of less than 180mm Hg.61 However, there was no difference in the primary outcome 

of global disability at 90-days. Thus, the current consensus is to adhere to the current 

guideline-recommended BP goals.

In the SITS-ISTR registry, an association between symptomatic intracranial hemorrhage and 

BP was observed, with a four times greater risk with systolic BP above 170 mmHg when 

compared to patients with BP between 141–150 mm Hg.6, 62

Endovascular therapy

Periprocedural BP management for patients undergoing EVT remains a question of great 

debate. The current AHA/ASA and ESO guidelines recommend maintaining BP below 

185/110 mmHg for patients who undergo EVT with or without intravenous thrombolysis.1, 

57 This recommendation is primarily based on the pivotal trial protocols requiring this BP 

goal for patients undergoing EVT, as many patients were also treated with intravenous 

thrombolysis. The management of BP can be divided into pre-, peri- and post-procedure.

Pre-EVT—Elevated pre-EVT BP has been associated with larger final infarct volumes and 

worse functional outcomes and may be related to poor collaterals or a more proximal vessel 

occlusion. However, optimal targets remain unknown, and few studies have evaluated pre-

EVT BP management.26, 63 One study has found that large drops or increases in pre-EVT 

mean arterial BP are associated with worse patient outcomes.64 These findings suggest 

that BP reductions before EVT could exacerbate ischemia, while BP increase may indicate 

failure of compensatory mechanisms to maintain blood flow to the ischemic tissue.

Peri-EVT—Similarly, observational studies have shown that drops in intraprocedural BP 

or reductions below critical thresholds are associated with worse outcomes, regardless of 

the type of procedural anesthesia.65–68 A recent post hoc analysis of three randomized-

controlled clinical trials identified mean arterial pressure (MAP) reductions below 70 mm 

Hg or reductions >20% from baseline as critical thresholds for an increased risk of a worse 

functional outcome.69

BP is one of the most dynamic variables, and ideal targets likely differ during acute stroke 

management. When dividing intraprocedural BP management into two phases according to 

the time of recanalization, pre-recanalization decreases in BP were associated with larger 

infarct volumes and worse functional outcomes supporting this phasic breakdown of BP 

management according to recanalization.70

Post-EVT—Observational studies have consistently demonstrated that elevated post-

EVT BP is associated with hemorrhagic complications and worse functional outcomes 

independent of successful reperfusion of the affected vessel following EVT.71–74 These 
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observations have been confirmed by a large meta-analysis.75 In addition, another large 

prospective observational study showed that post-EVT systolic BP of 160 mmHg best 

dichotomized patients with good vs. bad functional outcomes at 90-days (higher BP was 

associated with worse outcomes).76 A recent analysis of the time-varying behavior of 

BP after thrombectomy showed that patients have distinct systolic BP trajectories after 

thrombectomy that differ in their relation to functional outcome and sICH.77 Observational 

studies are discussed in the Supplement.

A recent phase II randomized-controlled clinical trial, BPTARGET, did not find a difference 

in the primary outcome of any radiographic intraparenchymal hemorrhage between patients 

allocated to lower 100-129 mm Hg vs. higher 130-185 mmHg post-EVT BP arms.78 

However, the mean BP difference between the groups was small (mean SBP 128 vs. 138 

mmHg), and only 50% of patients in the intense treatment group achieved the BP goal of 

100-129 at 3 hours. Furthermore, the time within the target SBP range was only between 

60-70% in both groups. Several ongoing randomized-controlled clinical trials in this space 

are expected to clarify post-EVT BP management.

INDUCED HYPERTENSION

Since cerebral autoregulation is disturbed during stroke,79 it may be appropriate to increase 

BP perfusion. During vessel occlusion, a substantial pressure differential is created between 

the occluded and patent vessels, this increasing cerebral blood flow (CBF) and luminal shear 

stress in collateral vessels in a BP-dependent manner.

Trials

Three randomized controlled trials of induced hypertension have been conducted.80,81,82 

However, no large trials have been reported. The first trial was a small US study evaluating 

the effects of phenylephrine-induced hypertension in patients with acute ischemic stroke and 

large diffusion-perfusion mismatch (n=17);80 NIHSS score, cognitive score, and volume of 

hypoperfused tissue improved significantly within the first three days in treated patients.

A Korean multicenter trial, the Safety and Efficacy of Therapeutic Induced Hypertension in 

Acute Non-Cardioembolic Ischemic Stroke (SETIN-HYPERTENSION), showed that among 

patients with non-cardioembolic stroke ineligible for revascularization therapy and those 

with progressive stroke (n=153), phenylephrine-induced hypertension was safe and resulted 

in early neurologic improvement during the first seven days and long-term functional 

independence at 90 days.82 This trial included patients with intracranial atherosclerosis and 

small vessel occlusion as well as those with large vessel occlusion.

A single-center trial of the early Manipulation of Arterial BP in Acute ischemic Stroke 

(MAPAS) randomized patients unsuitable for thrombolytic therapy (n=218) into three BP 

groups, and if needed, norepinephrine or fluids were used to achieve targets.81 Good 

outcome defined as an mRS score of 0–2 at 90 days was not different among the three 

BP ranges, but the odds of having a good outcome was greater in patients with intermediate 

target BP (161–180 mmHg) whilst symptomatic intracerebral hemorrhage occurred more 

frequently in those with the highest targets (181–200 mmHg). MAPAS included patients 
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with spontaneously elevated BP 81 which may reflect a neuroendocrine response to 

physiologic stress or chronic hypertension.

Many questions remain when considering induced hypertension, and patient selection is 

key,82 as is further discussed in the Supplement.

Guidelines

Current guidelines recommend that induced hypertension should be performed with close 

neurological and cardiac monitoring and in the setting of clinical trials. The ASA guidelines 

recommended that in exceptional cases with carotid occlusion or systemic hypotension 

producing neurological sequelae, vasopressors might improve CBF.83,84 The 2021 ESO 

guidelines suggested against the routine use of vasopressors to increase BP in patients 

with acute ischemic stroke not treated with reperfusion therapies who experience clinical 

deterioration.2 Expert consensus suggested discontinuing existing BP-lowering therapy, 

administering intravenous fluids, and introducing non-pharmacological procedures before 

using vasopressor agents to increase BP.2

SUMMARY

In summary, the management of high BP in acute ischemic stroke remains unclear. Unlike 

for ICH, no medium-sized or large trials in ischemic stroke have been positive, and several 

have been negative (as opposed to neutral). Although further large trials are ongoing, we 

have to prepare ourselves for the result that changing BP may have no overall benefit. 

However, specific subgroups of patients may need to have BP lowered (e.g. prior to or after 

thrombolysis), left alone, or elevated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

ACE-I angiotensin-converting enzyme-inhibitor

ARB angiotensin receptor antagonist/blocker trials

BP blood pressure

CCB calcium channel blocker

EVT endovascular therapy

ESO European Stroke Organization

GTN glyceryl trinitrate

NO nitric oxide

RAAS renin-angiotensin-aldosterone system

RCTs randomized-controlled clinical trials

tPA Tissue plasminogen activator
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Figure 1: 
Relevant Randomized Controlled Trials of Blood Pressure Lowering in Acute Stroke

Bath et al. Page 18

Stroke. Author manuscript; available in PMC 2024 July 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	PATHOPHYSIOLOGY AND EPIDEMIOLOGY
	PREHOSPITAL TRIALS IN PATIENTS WITH SUSPECTED STROKE
	ACE-I trials
	NO donor trials
	Guidelines

	HOSPITAL-BASED TRIALS IN PATIENTS WITH ISCHEMIC OR MIXED STROKE
	ARB trials
	Beta-blocker trials
	CCB trials
	Diuretic trials
	NO donor trials
	Mixed drug class trials
	Target BP trials

	ACUTE BP MANAGEMENT IN THE SETTING OF REPERFUSION TREATMENT
	Thrombolysis
	Endovascular therapy
	Pre-EVT
	Peri-EVT
	Post-EVT


	INDUCED HYPERTENSION
	Trials
	Guidelines

	SUMMARY
	References
	Figure 1:

