
INTRODUCTION 

Stroke is a disease with a heterogeneous pathomechanism, and is 
primarily considered to be hemorrhagic or ischemic. Hemorrhag-
ic stroke is the result of ruptured blood vessels in the brain, result-
ing in intracerebral hemorrhage (ICH). This includes ruptured 
perforator vessels in the deep structures of the brain, including the 
basal ganglia, thalamus, pons, and cerebellum [1]. In cases of lo-
bar hemorrhage, two potential causes are underlying cerebral am-
yloid antipathy or cancer metastases. The rupture of an intracrani-
al aneurysm may lead to subarachnoid hemorrhage (SAH), which 
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has a high mortality rate during the acute phase [2]. The mecha-
nism of ischemic stroke is more heterogeneous, compared to 
hemorrhagic stroke. Embolisms caused by large artery atheroscle-
rosis in the proximal vessels can cause infarction. The heart cham-
bers may be one such source of embolism (cardioembolism). An-
other example of this is lacunar infarction, which results from the 
occlusion of small perforators due to lipohyalinosis, which subse-
quently causes small infarctions [3]. 

Hypertension is one of the most important risk factors for 
stroke, and is the risk factor with the highest population-attribut-
able risk [4]. High blood pressure (BP) may lead to endothelial 
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dysfunction, resulting in the development of atherosclerosis [5]. 
Hypertension also affects the heart directly and increases the risk 
of cardioembolic stroke [6]. 

Additionally, small perforators originating from the intracranial 
artery are affected by hypertension. In contrast to capillary vessels, 
the perforator branches are perpendicular to their source vessels, 
and are characterized by a sudden decrease in diameter, which 
makes them vulnerable to increased BP. High BP may cause these 
small perforators to rupture, leading to ICH, or may cause occlu-
sion, resulting in lacunar infarction. Therefore, lowering BP is 
highly effective for the prevention of secondary stroke and acute 
complications of ICH [7]. However, the target BP may differ 
slightly per patient, based on the stroke mechanism. 

Furthermore, the goal of BP control may differ based on the 
stage (acute vs. chronic) and treatment (thrombolysis or throm-
bectomy) of stroke. In this comprehensive review, we aimed to 
discuss BP control in a variety of situations involving stroke. 

BP MANAGEMENT IN HEMORRHAGIC 
STROKE 

Hemorrhagic strokes are categorized as either ICH or SAH, with 
ICH accounting for 10% to 20% of all strokes, and SAH account-
ing for approximately 5% [8]. Hemorrhagic stroke occurs less fre-
quently than ischemic stroke, but the morbidity and mortality are 
still considerable. Since patients often deteriorate rapidly within a 
few hours after onset, appropriate management in the acute stage 
is important. The primary medical treatment for acute sponta-
neous ICH is BP management, in which the goals are to reduce 
hematoma expansion and perihematomal edema, improving the 
functional outcome and reducing mortality. In patients with SAH, 
BP should be controlled to balance the risk of rebleeding while 
maintaining cerebral perfusion pressure (CPP). 

BP target in acute ICH 
Increased BP is very common in ICH, which may stem from pre-
morbid hypertension or secondary increase due to increased in-
tracranial pressure (ICP), stress, or pain [9]. Elevated BP during 
the acute phase of ICH has been found to be associated with he-
matoma expansion, perihematomal edema, rebleeding, neurolog-
ical deterioration, and death [10,11]. However, there are concerns 
about decreasing BP too far, which may cause cerebral ischemia 
around the hematoma. To evaluate this concern, a randomized 
clinical trial (RCT) was conducted to measure cerebral blood 
flow (CBF) following a decrease in BP [12]. Participants included 
patients within 24 hours of onset of acute ICH, with a systolic BP 
(systolic blood pressure [SBP]) > 150 mmHg. The patients were 

divided into two groups, with targeted SBPs of < 150 mmHg and 
< 180 mmHg. Perfusion computed tomography (CT) imaging 
was used to compare the CBF around the hematomas. It was 
found that the degree of BP reduction did not affect the CBF 
around the hematoma, and thus, it the reduction was safe. 

Two large clinical trials have evaluated the efficacy of the inten-
sive lowering of BP in patients with acute ICH [13,14]. First, the 
Intensive Blood Pressure Reduction in Acute Cerebral Hemor-
rhage-2 (INTERACT-2) trial evaluated 2,839 patients with SBPs 
between 150 and 220 mmHg within 6 hours of ICH onset, who 
were randomized into groups with target SBPs of < 140 or < 180 
mmHg [13]. The primary outcome was death or major disability, 
defined as a modified Rankin scale (mRS) score ≥ 3, which did 
not differ significantly between the two groups. This was evi-
denced by an odds ratio (OR) of 0.87 in the intensive treatment 
group, a 95% confidence interval (CI) of 0.75–1.01, and a 
P = 0.06. However, the intensive treatment group had better func-
tional recovery and an improved physical and mental health-relat-
ed quality of life compared to the standard treatment group. Addi-
tionally, the drastic reduction in BP did not cause serious adverse 
events. In concurrence with these results, the American Heart As-
sociation (AHA) and American Stroke Association (ASA) have 
provided evidence-based consensus guidelines which state that 
for patients with an SBP between 150 and 220 mmHg and with-
out contraindications, the acute lowering of SBP to 140 mmHg is 
considered safe and may improve functional outcomes in patients 
with ICH [15]. 

Another trial, the Antihypertensive Treatment of Acute Cere-
bral Hemorrhage-2 (ATACH-2) trial, was published after the 
publication of these AHA/ASA guidelines [14]. This randomized 
trial evaluated patients with acute ICH and hypertension, assign-
ing them to groups with targeted SBPs of 110–139 and 140–179 
mmHg, however, antihypertensive treatment had to be initiated 
within 4.5 hours of the onset of ICH. The trial was terminated 
early due to futility, after an interim analysis demonstrated that the 
rates of death or severe disability (mRS ≥ 4) at three months were 
similar in both groups (relative risk, 1.04 in intensive treatment 
group; 95% CI, 0.85–1.27; P= 0.72). Unlike the INTERACT-2 
trial, ATACH-2 showed no difference in the ordinal distribution 
of mRS scores, but did show a higher rate of adverse renal events 
within 1 week in the intensive treatment group than was found in 
the standard treatment group (9.0% vs. 4.0%, P= 0.002). This 
discrepancy was due to the excessive lowering of BP on the first 
day. The results of that study suggested that rapid and aggressive 
BP reduction could result in end-organ damage [16]. 

The difference between the results of these two trials can be at-
tributed to the difference in both the degree and rate of BP reduc-

https://doi.org/10.18700/jnc.20002870

Seung Min Kim, et al. • Blood pressure in stroke patients 



tion. Although the target SBPs were the same in both trials, the ac-
tual BP reduction was faster and more pronounced in ATACH-2 
(mean minimum SBP during the first 2 hours, 128.9 mmHg in 
ATACH-2 vs. 141.1 mmHg in INTERACT-2). This means that 
the SBP for the standard treatment group in the ATACH-2 trial 
was similar to those for the intensive treatment group in INTER-
ACT-2 (Table 1). Additionally, SBP < 130 mmHg were also asso-
ciated with worse prognoses in the post-hoc analysis of INTER-
ACT-2 [17]. Therefore, it was suggested that a SBP of approxi-
mately 140 mmHg, rather than rapidly lowering the SBP to below 
130 mmHg, may be the optimal SBP target. 

A recent retrospective study suggested a potentially lower SBP 
limit for BP management in acute ICH [16]. When comparing 
the target SBP < 160 mmHg group and the SBP < 140 mmHg 
group, acute cerebral ischemia and acute neurological deteriora-
tion were more common in the SBP < 140 mmHg group. More 
specifically, cerebral ischemia increased when the minimum SBP 
< 120 mmHg was observed for more than 72 hours. In the case of 
a minimum SBP > 130 mmHg, no patients showed additional ce-
rebral ischemia. Thus, that study suggested the possibility that an 
SBP of 130 to 140 mmHg would be an appropriate target SBP. 

Few studies have been done regarding the safety and effective-
ness of BP-lowering therapy in patients with extremely elevated 
BP (sustained SBP > 220 mmHg) as related to symptom presen-
tation. The AHA/ASA guidelines recommend that the aggressive 
reduction of BP with continuous intravenous infusion and fre-
quent BP monitoring may be reasonable for such patients. Addi-
tionally, the optimal time at which to start lowering BP to prevent 
recurrent stroke is not well known; however, starting BP manage-
ment with a target BP of < 130/80 mmHg is recommended when 
the patient is medically and neurologically stable [15]. 

Based on the currently available information, the optimal man-
agement of hypertension in acute ICH remains unclear. Large 

RCTs did not provide consistent evidence that a specific target BP 
is beneficial, and provided information that rapid and aggressive 
BP reduction can be harmful. Ultimately, individualization of the 
BP target, taking into account the risk and benefit in each patient, 
may be needed. 

BP variability in acute ICH 
In addition to absolute SBP levels, BP variability may predict poor 
clinical outcomes in ICH, although the exact mechanism by 
which BP variability affects poor outcomes in patients with ICH 
is not fully understood [18]. Recurrent excessive BP fluctuations 
may increase oncotic and hydrostatic pressure gradients in the 
perihematomal region, and subsequently enhance perihematomal 
edema. Furthermore, these fluctuations may be associated with 
autonomic dysfunction that promotes proinflammatory cytokine 
production, hyperglycemia, disruption of the blood-brain barrier, 
and vasogenic edema, all of which may contribute to worse out-
comes in patients with ICH [19]. 

Subarachnoid hemorrhage 
Rebleeding in patients with SAH leads to an extremely poor prog-
nosis. Although proper BP control is necessary to prevent rebleed-
ing, the magnitude of BP control necessary to reduce the risk of 
rebleeding has not been established. For most patients with acute 
SAH, the AHA/ASA recommends maintaining a SBP < 160 
mmHg to balance the risks of ischemia and rebleeding [20]. The 
Neurocritical Care Society states that extreme hypertension in 
SAH should be avoided, and suggests maintaining a mean arterial 
pressure (MAP) < 110 mmHg [21]. When increased ICP is sus-
pected, given the risk of impaired cerebral perfusion, increasing 
MAP may be the only way to maintain CPP. Therefore, antihy-
pertensive therapy is often withheld unless there is an extreme el-
evation in BP. European guidelines recommend a MAP above 90 

Table 1. Comparison of INTERACT-2 and ATACH-2 trials

Variable INTERACT-2 ATACH-2
Initial SBP criteria SBP ≥150 mmHg SBP ≥180 mmHg
Randomization Within 6 hours from symptom onset Within 4.5 hours from symptom onset
Treatment goal Intensive: <140 mmHg Intensive: 110–139 mmHg

Standard: <180 mmHg Standard: 140–179 mmHg
Antihypertensive treatment Multiple Single agent (intravenous nicardipine)
Mean SBP achieved Intensive: 150 mmHg Intensive: 128.9 mmHg

Standard: 164 mmHg Standard: 141.1 mmHg
Treatment failure rate in the intensive treatment group 67% 12.20%
Death or severe disability at 3 months Intensive: 52.9% Intensive: 38.7%

Standard: 55.6% (P=0.06) Standard: 37.7% (P=0.72)

INTERACT-2, Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage-2; ATACH-2, Antihypertensive Treatment of Acute Cerebral Hemorrhage-2; 
SBP, systolic blood pressure.
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mmHg to maintain proper CPP [22]. Recent studies have report-
ed that BP variability is also associated with rebleeding or other 
negative outcomes in patients with acute SAH [23,24]. 

In the case of symptomatic cerebral vasospasm and delayed ce-
rebral ischemia after SAH, induced hypertension is recommend-
ed by some guidelines [20,21]. A previous recommendation for 
triple-H therapy (consisting of hypertension, hemodilution, and 
hypervolemia) is no longer supported by current guidelines due 
to the adverse events no known to be associated with hemodilu-
tion. Instead, induced hypertension and euvolemia are now rec-
ommended [20,21,25]. While an optimal or maximum goal BP 
has not been established, physicians should consider concomitant 
cardiac and pulmonary diseases as well as the brain for each pa-
tient. Table 2 summarizes BP management in patients with hem-
orrhagic stroke. 

BP MANAGEMENT IN ACUTE ISCHEMIC 
STROKE 

Before and after intravenous thrombolysis treatment 
BP management in acute ischemic stroke (AIS) is complex, and is 
associated with multiple factors. The AHA/ASA guidelines rec-
ommend that if AIS patients have a BP > 185/110 mmHg and 
they are eligible for treatment with intravenous alteplase, their BP 
should be lowered carefully before intravenous alteplase treat-
ment is initiated (class I, level of evidence [LOE] B) [26]. More-
over, current guidelines recommend maintaining BP < 180/105 

mmHg during and after intravenous alteplase treatment for the 
first 24 hours after treatment (class I, LOE B) [26]. However, it 
was not proven by an RCT and was based on the protocol of 
RCTs. Studies regarding target BP are difficult because it is impos-
sible to blind either the physicians or the patients, and the occur-
rence of contamination due to lack of true blinding must be con-
sidered. 

The intensive blood pressure reduction with intravenous throm-
bolysis therapy for acute ischaemic stroke (ENCHANTED) trial 
showed that intensive BP control (SBP target 130–140 mmHg) 
failed to improve the functional outcome (OR, 1.01; 95% CI, 
0.87–1.17), but lowered bleeding risk (OR, 0.75; 95% CI, 0.60–
0.94) after intravenous thrombolysis treatment compared with 
guideline-recommended treatment (SBP target < 180 mmHg) 
[27]. However, the ENCHANTED trial did not consider revascu-
larization status, and only 1.9% of the study cohort underwent en-
dovascular treatment. Therefore, the results of that study cannot be 
applied to patients who have undergone endovascular treatment. 
Moreover, some observational studies suggest that the risk of hem-
orrhage after the administration of alteplase is greater in patients 
with higher BP and BP variability [28]. The exact BP at which the 
risk of hemorrhage after thrombolysis increases is unknown. It is 
thus reasonable to target the BPs used in the RCTs involving intra-
venous thrombolysis, although it may be prudent to consider in-
tensive BP lowering in patients with a high risk of bleeding. 

Table 2. Blood pressure management in hemorrhagic stroke

ICH
For patients with ICH with SBP between 150 and 220 mmHg without contraindication
  - Acute lowering of SBP to 140 mmHg is generally safe.
  - Reducing SBP below 140 mmHg in the first hours after onset may increase the risk of renal adverse events.
For patients with ICH with SBP >220 mmHg
  - It may be reasonable to consider aggressive reduction of BP with a continuous intravenous infusion and frequent BP monitoring.
Control of BP variability may be useful.
For prevention of recurrent stroke
  - BP management for target BP of <130/80 mmHg is recommended when the patient is medically and neurologically stable.
SAH
Between the time of SAH onset and aneurysm obliteration, BP should be controlled with a titratable agent to balance the risk of stroke, HTN-

related rebleeding, and maintenance of CPP.
SBP <160 mmHg is recommended until surgical clipping or coiling.
For the prevention of rebleeding
  - Maintenance of mean arterial pressure above 90 mmHg is considerable to maintain CPP.
In the case of symptomatic cerebral vasospasm and delayed cerebral ischemia after SAH
  - Induced HTN is recommended.

ICH, intracerebral hemorrhage; SBP, systolic blood pressure; BP, blood pressure; SAH, subarachnoid hemorrhage; HTN, hypertension; CPP, cerebral perfusion 
pressure.
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Before and after intra-arterial endovascular treatment 
Current AHA/ASA guidelines recommend that for patients who 
undergo endovascular treatment, BP during and for 24 hours after 
treatment should be maintained at < 180/105 mmHg (class IIa, 
LOE B). In particular, if successful reperfusion is achieved, guide-
lines recommend that BP be maintained at < 180/105 mmHg 
(class IIb, LOE B) [26]. This recommendation was based on an 
endovascular treatment protocol from certain RCTs, although 
RCT data on optimal BP management are not available yet. 

The protocol from the endovascular treatment for small core 
and anterior circulation proximal occlusion with emphasis on 
minimizing CT to recanalization times (ESCAPE) trial stated that 
if reperfusion failed, an SBP ≥ 150 mmHg may be useful in pro-
moting and maintaining adequate collateral flow, and if successful 
reperfusion was achieved, normal BP was then targeted [29]. 
Similarly, in the diffusion-weighted imaging or computerized to-
mography perfusion assessment with clinical mismatch in the tri-
age of wake up and late presenting strokes undergoing neurointer-
vention (DAWN) trial protocol, a goal SBP < 140 mmHg was 
recommended for patients who achieved successful reperfusion 
[30]. A recent international multicenter cohort study demonstrat-
ed that higher BP within the first 24 hours after successful endo-
vascular treatment was associated with a higher risk of secondary 
ICH, mortality, and hemicraniectomy [31]. Moreover, when the 
patients were divided into three groups based on the SBP goal for 
the first 24 hours after endovascular treatment ( < 140 mmHg, 
< 160 mmHg, and < 180 mmHg), SBP goals of < 140 mmHg 
following successful reperfusion with endovascular treatment ap-
peared to be associated with better clinical outcomes than SBPs 
< 160 and < 180 mmHg [32]. Moreover, after reperfusion, lower 
BP goals have been proposed due to concerns about hemorrhagic 
complications and reperfusion injury. 

However, another recent analysis of individual patient data 
from three separate RCTs showed that critical MAP thresholds 
and durations for poor outcome after endovascular treatment 
were found to be those < 70 mmHg for more than 10 minutes 
and those > 90 mmHg for more than 45 minutes [33]. 

Typically, higher baseline BPs in AIS patients with large vessel 
occlusions or severe stenosis is associated with better collateral 
flow. However, a previous study has showed that greater infarct 
growth was observed in patients without reperfusion, leading to 
an unfavorable clinical outcome, even in those with a higher base-
line BP. Contrarily, a higher baseline BP was associated with de-
creased infarct growth in patients with successful reperfusion. 
Therefore, the relationship between baseline BP and outcomes is 
highly dependent on reperfusion status, and active BP-lowering 
treatments may be inappropriate in AIS patients prior to reperfu-

sion treatments [34]. 
In this regard, setting a target BP before and after intravenous 

thrombolysis treatment and intra-arterial endovascular treatment 
was difficult. As cerebral autoregulation is impaired in patients 
with AIS, BP control may be important for improving clinical out-
comes. Based on the present knowledge, multiple factors related 
to clinical outcomes must be considered in order to determine the 
BP target, including the reperfusion status (successful or not), 
baseline BP prior to treatment, MAP during treatment, and hem-
orrhagic transformation after reperfusion treatment (yes or no), 
and the BP target may be continuously adjusted based on the situ-
ation. 

Acute phase of ischemic stroke 
An acute hypertensive response can also be observed in patients 
with AIS. It is usually self-limiting, and the BP spontaneously falls 
over the week after the onset of stroke [10,35]. However, since 
the acute hypertensive response to stroke is known to be an inde-
pendent predictor of poor outcome, it is necessary to maintain 
optimal BP during the acute stroke period. Many previous trials 
and studies have investigated the optimal BP level and the effect 
of early, rapid lowering of elevated BP, however, no ideal BP has 
been established. A higher BP may be beneficial for the penum-
bra, which is viable but under-perfused, by increasing collateral 
flow. On the other hand, a higher BP may increase the risk of 
hemorrhagic transformation and cerebral edema [36]. In contrast, 
lowering BP may potentially increase the risk of infarction growth. 

BP control recommendations vary depending on the comorbid 
conditions. According to the AHA/ASA guidelines, early treat-
ment is indicated in patients with severe acute comorbidities such 
as acute coronary event, acute heart failure, aortic dissection, 
post-fibrinolysis spontaneous intracranial hemorrhage, hyperten-
sive emergency, or pre-eclampsia/eclampsia (class I, LOE C-EO). 
An excessive decrease in BP can exacerbate cerebral infarction and 
should be noted [37], and BP management in these situations 
should be individualized. Although there is no standard, it is gen-
erally considered safe and reasonable to lower BP by 15% from 
baseline. 

For patients who did not receive intravenous alteplase or endo-
vascular treatment and those without comorbid conditions, the 
recommendations differ based on the BP level. In patients with a 
BP ≥ 220/120 mmHg, the benefit of initiating or reinitiating 
treatment of hypertension within the first 48 to 72 hours is uncer-
tain (class IIb, LOE C-EO). Patients with severe hypertension 
were excluded from clinical trials, and the effects of rapid BP re-
duction have not been formally studied. However, it is generally 
considered reasonable to lower BP by 15% during the first 24 
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hours after stroke onset. 
In patients with a BP < 220/120 mmHg, initiating or reinitiat-

ing treatment of hypertension within the first 48 to 72 hours after 
AIS is safe, but not effective in preventing death or dependency 
(class III: no benefit, LOE A). Except for a few previous studies, 
the Intravenous Nimodipine West European Stroke Trial (IN-
WEST) [38] and Very Early Nimodipine Use in Stroke (VE-
NUS) [39] trial, which reported that early BP control was associ-
ated with worse of outcomes, most RCTs, the Prevention Regi-
men To Effectively Avoid Second Strokes (PRoFESS) [40], scan-
dinavian candesartan acute stroke trial (SCAST) [41], Con-
trolling Hypertension and Hypotension Immediately Post-Stroke 
(CHHIPS) [42], Continue or Stop Post-Stroke Antihyperten-
sives Collaborative Study (COSSACS) [43], ENCHANTED 
[27], and efficacy of nitric oxide, with or without continuing anti-
hypertensive treatment, for management of high blood pressure 
in acute stroke (ENOS) [44] trials and two meta-analyses [45,46] 
have consistently shown that initiating or reinitiating antihyper-
tensive therapy within the first 48 to 72 hours after AIS is safe, al-
though this strategy is not associated with improved mortality or 
functional outcomes. The International Stroke Trial (IST) [35] 

showed a U-shaped response between BP level and mortality. An 
SBP level around 150 mmHg was associated with the lowest risk 
of mortality and poor outcomes of death or dependency. 

Persistent hypotension is uncommon in AIS. If a patient does 
have persistent hypotension, potential caused should be investi-
gated, to look for issues such as aortic dissection, hypovolemia, 
and decreased cardiac output due to myocardial infarction or ar-
rhythmia. Management of hypotension in patients with AIS has 
not been well studies. Some observational studies have shown an 
association between worse outcomes and lower BP, whereas oth-
ers have not [35,47-49]. The 2019 AHA/ASA guidelines recom-
mend that hypotension and hypovolemia should be corrected to 
maintain systemic perfusion levels sufficient to support organ 
function (class I, LOE C-EO). 

In patients with a BP > 140/90 mmHg who are neurologically 
stable, starting or restarting antihypertensive therapy during hos-
pitalization is safe (class IIa, LOE B-R) and has been shown to be 
associated with improved control of BP after discharge in both the 
COSSACS [43] and china antihypertensive trial in acute ischemic 
stroke (CATIS) [50] trials. These studies included only patients 
with a previous diagnosis of hypertension, or enrolled primarily 
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Fig. 1. Blood pressure (BP) management according to treatment of ischemic stroke; (A) intravenous thrombolysis (IV tPA), (B) endovascular 
treatment, and (C) not indicated for reperfusion therapy and secondary stroke prevention. SBP, systolic blood pressure; ESCAPE, 
endovascular treatment for small core and anterior circulation proximal occlusion with emphasis on minimizing computed tomography (CT) 
to recanalization times; DAWN, diffusion-weighted imaging or computerized tomography perfusion assessment with clinical mismatch in 
the triage of wake up and late presenting strokes undergoing neurointervention.
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patients with previous hypertension. However, it is also reason-
able to apply this recommendation to patients without preexisting 
hypertension. BP management based on treatment of ischemic 
stroke is summarized in Fig. 1. 

BP control for secondary ischemic stroke prevention 
The majority of patients with ischemic stroke have hypertension, 
and lowering BP may be critical in preventing recurrent stroke. 
Several RCTs have focused on this issue. The Post-Stroke Antihy-
pertensive Treatment Study (PATS) randomized 5,665 patients 
with stroke or TIA into two groups, indapamide 2.5 mg or place-
bo. After 2 years, indapamide 2.5 mg was found to significantly re-
duce recurrent stroke, with a hazard ratio (HR) = 0.70 and 95% 
CI, 0.57–0.86 [51]. The Perindopril Protection Against Recur-
rent Stroke Study (PROGRESS) randomized 6,105 patients with 
stroke or transient ischemic attack (TIA) into two groups, perin-
dopril or placebo. After 4 years, it was found that perindopril re-
duced recurrent stroke significantly, HR = 0.78 and 95% CI, 0.62–
0.83 [52]. However, the PRoFESS study randomized 20,322 pa-
tients into two groups, telmisartan or placebo, and failed to show a 
benefit in reducing recurrent stroke or composite vascular events 
after 2.5 years of follow-up [53]. In a meta-analysis including 10 
RCTs with a total of 38,421 patients, lowering BP with medica-
tion significantly reduced stroke, OR = 0.78 and 95% CI, 0.68–

0.90 [54]. Typically, a J-curve was observed from trials on the sec-
ondary prevention of coronary artery disease using diastolic BP 
(DBP). Post-hoc analysis of the PRoFESS study, however, did not 
reveal a J-curve between BP and recurrent stroke [55]. Further-
more, stroke mortality continuously decreases as SBP decreases 
under 120 mmHg [56]. However, the effects of and target for BP 
lowering in ischemic stroke may differ based on the mechanism of 
stroke.  

In patients with symptomatic carotid occlusions, the results of 
the COSSACS study showed that the effect of lowering BP 
< 130/85 mmHg was a lower risk of ipsilesional ischemic stroke 
compared to those with BP > 130/85 mmHg (HR = 0.27; 95% 
CI, 0.08–0.94) [57]. In another study that included patients with 
symptomatic carotid stenosis, lowering SBP to 140 mmHg con-
tinuously decreased the risk of stroke. BP may be safely lowered to 
140 mmHg in those with carotid stenosis. However, it was found 
that if the stenosis was > 70%, the risk of stroke increased as BP 
decreased. This may be explained by poor collateral flow of the 
contralateral carotid artery in severe bilateral carotid stenosis [58]. 

Symptomatic intracranial atherosclerosis is more common than 
symptomatic extracranial stenosis in patients in Asia. In the post-
hoc analysis of Warfarin Aspirin Symptomatic Intracranial Dis-
ease (WASID) study, various risk factors were associated with 
vascular events. Among them, SBP > 140 mmHg showed a higher 

Fig. 2. Pathophysiology and blood pressure target according to ischemic stroke mechanisms. SBP, systolic blood pressure; WASID, Warfarin 
Aspirin Symptomatic Intracranial Disease; STABLE-ICAS, strategy for adequate blood pressure lowering in the patients with intracranial 
atherosclerosis.
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SBP is lowered, in bilateral >70% 
stenosis

High blood pressure

- Oxidative stress
- Increase inflammation
- Endothelial injury
- Plaque formation
- Increase medial mass
- Progression of atherosclerosis

Target for secondary prevention

Small vessel occlusion

Intracranial atherosclerosis

Extracranial atherosclerosis
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risk of major cardiovascular events (HR = 1.79; 95% CI, 1.27–
2.52) [59]. In regards to the progression of atherosclerotic burden 
in intracranial atherosclerosis, the post-hoc analysis of the Trial of 
Cilostazol in Symptomatic Intracranial Stenosis (TOSS)-2 study 
showed the lowest rate of progression between 120 and 160 
mmHg [60]. The strategy for adequate blood pressure lowering 
in the patients with intracranial atherosclerosis (STABLE-ICAS) 
compared two strategies of BP lowering—intense (target SBP 
110–120 mmHg) and standard (target SBP 130–140 mmHg)—
on the expansion of white matter hyperintensity lesions. That 
study was designed as a non-inferiority trial, and failed to show 
the non-inferiority of intense BP lowering compared to standard 
BP lowering [61]. There is no evidence based on which to lower 
BP intensively in patients with intracranial atherosclerosis, and 
they should be treated with a target SBP between 120 and 140 
mmHg. 

Small vessel disease is significantly associated with hyperten-
sion. The Secondary Prevention of Small Subcortical Strokes 
(SPS-3) trial was a well-designed RCT focusing on the target BP 
for lacunar infarction. Using a 2 × 2 factorial design, the BP arm 
was an open label trial, comparing the effects of target SBPs of 
130–139 and < 130 mmHg. The primary endpoint was reduction 
in stroke, which failed to show a statistical significance between 
the two groups (HR = 0.81; 95% CI, 0.64–1.03). However, the 
lower target group significantly reduced the risk of ICH 
(HR = 0.37; 95% CI, 0.15–0.95) [7]. Therefore, lowering BP un-
der 130 mmHg may be beneficial in patients with small vessel dis-
ease. 

Based on these trial results, the ASA/AHA guidelines on the 
secondary prevention of stroke suggest controlling BP in patients 
with an established SBP higher than 140 mmHg or DBP higher 
than 90 mmHg. A reasonable target for lowering BP is < 140/90 
mmHg. In particular, for patients with small vessel disease or lacu-
nar infarction, a reasonable target BP was suggested as SBP < 130 
mmHg [62]. Pathophysiology and target BP based on ischemic 
stroke mechanisms are summarized in Fig. 2. 

CONCLUSION 

The management of BP in stroke is complex and challenging due 
to the variety of stroke subtypes, heterogeneous etiologies, hemo-
dynamic statuses, and comorbidities. Recent data have suggested 
that lowering BP in acute ICH is probably safe; however, if BP is 
lowered rapidly in the acute phase, adverse renal events may oc-
cur. BP management in AIS remains problematic, and questions 
such as when to start antihypertensive medications and how sig-
nificantly to reduce BP have yet to be answered. Large RCTs have 

not demonstrated the benefit of lowering BP earlier, but the co-
morbidities, baseline BP, and stroke mechanism should be consid-
ered, and the time and target of lowering BP must be individual-
ized based on this information. When reperfusion is achieved 
through thrombolysis or thrombectomy, lowering BP reduces the 
risk of hemorrhagic complications. For secondary stroke preven-
tion, BP targets may differ based on the stroke mechanism; inten-
sive lowering of BP may be beneficial in patients with small vessel 
disease. 
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