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Introduction
Hypertensive emergencies are defined by accelerated 
and severe elevations of blood pressure associated 
with acute organ injury and have high morbidity. 
While no uniform threshold exists, blood pressure 
elevations typically exceed 180 mm Hg systolic and/
or 110 mm Hg diastolic. This review is primarily 
for clinicians providing care in the hospital and 
emergency department, but we also provide 
information for those in the ambulatory setting 
who see patients with severe elevations in blood 
pressure. We provide a contemporary overview of the 
epidemiology, clinical diagnostics, and treatment of 
adults with hypertensive emergency. Hypertensive 
disorders of pregnancy, for which a recent state of 
the art review was published,1 are not covered in 
this review. We emphasize the latest evidence on 
evaluation and management strategies and point to 
gaps in the literature on the topic.

Sources and selection criteria
We searched Medline, Embase, and Google 
Scholar databases for studies published between 
November 2008 and October 2023 for synonyms 
of hypertensive emergency and related disorders, 
including “malignant hypertension,” “hypertensive 
crisis,” “hypertensive urgency,” “accelerated 
hypertension,” and hypertensive encephalopathy.” 
We focused on observational and interventional 
studies and searched for randomized controlled 
trials relevant to intracerebral hemorrhage, aortic 

dissection, posterior reversible encephalopathy, 
and hypertensive encephalopathy. We prioritized 
studies based on the quality of study design, 
with preference to randomized controlled trials, 
relevance to the topic, and more recent publication 
dates. When original research was lacking, we also 
assessed relevant professional guidelines. While 
attuned to the relevant literature, we did not design 
this manuscript as a systematic review. Patients with 
hypertensive emergency or suspected hypertensive 
emergency participated in informal interviews with 
the writing team to inform the clinical perspective 
within the manuscript.

Epidemiology
Hypertension affects nearly 1.3 billion people 
worldwide, of whom as few as 20% have adequate 
control.2 In the ambulatory and hospital settings, it 
is common to evaluate patients with hypertensive 
crisis, yet the diagnosis of hypertensive emergency is 
rare. In a cohort of over 2 million patient office visits 
across an integrated health system, 4.6% of patients 
had blood pressure measurements >180/110 
mm Hg.3 Based on a nationwide inpatient hospital 
sample in the United States, estimated frequency 
of hospitalizations with a hypertensive emergency 
was 101/100 000 in the year 2000, with a modest 
increase to 111/100 000 in 2007.4 Nationwide 
United States emergency department data shows that 
approximately 0.6% (618/100 000) of emergency 
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department visits had a diagnosis of hypertensive 
emergency in 2013.5

Men account for a modestly higher proportion of 
cases of hypertensive emergency than women (52.5% 
v 47.5%) and have a lower mean age on presentation 
(55 years v 62 years).6 Black patients account for the 
highest proportion of admissions for hypertensive 
emergency (42.6%) compared with white (40.1%) 
or Hispanic (11.3%) patients. The reasons for these 
disparities are complex and are likely linked to 
negative social determinants of health (SDoH) rather 
than racial factors alone.7

Risk factors for hypertensive crisis
The risk factors for hypertensive crisis include 
common factors associated with cardiovascular 
disease. These include chronic kidney disease, 
renovascular hypertension, coronary artery 
disease, heart failure, stroke, alcohol use, and 
recreational drug use.8 Furthermore, hypertensive 
emergencies are associated with comorbid diabetes, 
hyperlipidemia, and chronic kidney disease. 
Rare conditions such as pheochromocytoma or 
inflammatory vascular disease can also lead to 
hypertensive crisis. Medication non-adherence, 
lack of medical insurance, and negative SDoH 
can result in more emergency department visits 
for severe hypertension; however, there is less 
consistent evidence that they are linked to a higher 
risk for true hypertensive emergencies in such 
patients.9 10

A recent review also characterized organ 
damage among hypertensive emergencies. While 
hypertension emergency accounted for only 0.5% 
of emergency department visits, roughly 36% of 
patients with severely elevated blood pressure 
were diagnosed with hypertensive emergencies. 
Ischemic stroke (28.1%), heart failure/pulmonary 
edema (24.1%), hemorrhagic stroke (14.6%), acute 
coronary syndrome (10.8%), renal failure (8%), 
subarachnoid hemorrhage (6.9%), encephalopathy 
(6.1%), and aortic dissection (1.8%) occurred in 
descending prevalence.11 In-hospital mortality 
remained quite high among all patients (9.9%).

Classification of hypertensive emergency
The terminology around hypertensive emergencies 
(table 1) suffers from inconsistent and sometimes 
misleading language. Hypertensive emergencies are 
defined as having evidence of new or substantially 
worsening organ injury and commonly occur with 
blood pressure levels above 220/110 mm Hg.4  12-14 
Hypertensive emergencies may occur with lower blood 
pressures in the setting of an accelerated rise from 
low baseline blood pressure levels (such as young 
patients with acute kidney injury). It is important 
to differentiate hypertensive emergencies from 
longstanding, poorly controlled, but asymptomatic 
and clinically stable elevations in blood pressure. 
It is also key to differentiate this diagnosis from 
transient (often physiological) reactive elevations 
in blood pressure, such as can occur with severe 
white coat effect, pain, anxiety/stress responses, and 
exaggerated exercise-induced elevations.

Acute end-organ injury occurs primarily in the 
cerebrovascular, cardiovascular, ophthalmologic, 
hematologic, and renal systems.15  16 Examples 
include intracerebral hemorrhage, acute heart failure 
with pulmonary edema, acute kidney injury, and 
hypertensive encephalopathy. Without evidence of 
substantial new or worsening organ injury, patients 
with severely elevated blood pressures, often above 
180/110 mm Hg, are classified as having markedly 
elevated or acute severe hypertension. Even blood 
pressure values >220/110 mm Hg do not constitute 
a hypertensive emergency unless new or acute 
worsening of end-organ injury is present.

Many authors and published guidelines in the 
past have used the term “hypertensive urgency” 
to describe patients with severely elevated blood 
pressure.17  18 The term “urgency,” however, 
insinuates that clinicians should urgently treat 
patients, when doing so has been shown to offer 
no clinical benefit and can be linked to potential 
for harm.3 Authors have also noted that this term 
has the potential to cause unnecessary anxiety 
for patients,19 and recent European Society of 
Hypertension guidelines point out the ambiguity of 
this term.20 The term hypertensive crisis has been 

Table 1 | Terminology used for hypertensive emergencies, definition, and incidence at emergency departments
Terminology Definition Incidence*
Severe hypertension, severely or markedly 
elevated BP

BP >180/110 mm Hg, acute end-organ injury absent 4-6%

Hypertensive emergency: Acute end-organ injury present due to severe hypertension. Immediate BP lowering is clinically beneficial 0.6-1.0%
  Neurologic Examples: hypertensive encephalopathy, intracerebral hemorrhage, subarachnoid hemorrhage, ischemic stroke† —
  Cardiovascular Examples: acute heart failure, acute myocardial ischemia,† aortic dissection —
  Obstetric Examples: pre-eclampsia, eclampsia —
  Other Examples: acute kidney injury,† thrombotic microangiopathy,† acute moderate to severe hypertensive retinopathy —
Acute medical emergency with associated 
severe hypertension

Acute end-organ injury present. Severe hypertension is not a direct cause of injury, and immediate BP lowering is 
not clinically beneficial

—

Unclear terminology 
Hypertensive urgency Often used to indicate severe hypertension without acute organ injury. Assumes an unfounded treatment urgency —
Hypertensive crisis Indicates severe hypertension with or without acute organ injury. Assumes an unfounded treatment urgency when 

acute organ injury is absent
—

Malignant hypertension Being redefined as microvascular injury with organ damage in 3 or more target organs —
BP = blood pressure. 
*Incidence based on emergency department diagnoses. 
†Conditions rarely consistent with a hypertensive emergency and more likely to be an acute emergency with associated severe hypertension
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Fig 1 | Neurovascular remodeling due to severe, uncontrolled hypertension 

used to identify patients with severely elevated blood 
pressure with or without hypertensive emergency 
and has also contributed to ambiguity in the 
literature.20 Malignant hypertension is a term that 
reflects the vascular injury that results from loss of 
usual autoregulation of blood flow. Small arterioles 
develop fibrinoid necrosis and onion skinning. These 
findings may be evident clinically when hypertensive 
retinopathy is evident on exam.21 22 The “malignant” 
term originated nearly a century ago when effective 
antihypertensive medications were not yet available 
and the prognosis was akin to active malignancy. 
Malignant hypertension remains problematic and 
contributes to significant morbidity.23  24 Recent 
authors have reconceptualized the diagnosis of 
malignant hypertension to emphasize microvascular 
injury and concomitant damage of three or more 
organs.23 25 26

We must acknowledge controversies that stem 
from a long history of expert opinion informing 
this field, the tendency to maintain terminologies 
within subsequent guidelines, and the paucity of 
high quality randomized controlled trials to inform 
definitions and care pathways.27 While acute organ 
damage is the sine qua non of a hypertension 
emergency, in many scenarios there is a “chicken 
and egg” conundrum. Acute medical emergencies 
(such as stroke, aortic dissection, and myocardial 
ischemia) are often associated with considerable 
physiological stress and pain, which may secondarily 
prompt severe elevations in blood pressure. While 
longstanding hypertension may (or may not) have 
played a role in the cause of the acute condition, 
the rapid elevation in blood pressure could be a 
feed-forward facilitator (that is, a true hypertension 
emergency) versus an innocent bystander or reactive 
secondary phenomenon. In the former case emergent 

lowering of blood pressure would produce a health 
benefit, whereas in the latter scenario (such as post-
ischemic stroke) it does not.

We propose that another layer of definitions should 
be considered. A hypertensive emergency should 
also acknowledge two essential points. First, severe 
hypertension directly causes or worsens the acute 
medical condition. Second, evidence supports that 
immediate lowering of blood pressure intrinsically 
provides clinical benefit. The quintessential example 
is hypertensive encephalopathy. Conversely, blood 
pressure often rises following an acute ischemic 
stroke and has no direct role in the etiology of the 
acute event. Immediate blood pressure lowering 
offers no clinical benefit. Conditions are common in 
which severe elevations in blood pressure and end-
organ injury are present, but immediate lowering is 
not beneficial and organ injury is not directly caused 
by the severely elevated blood pressure.

Pathophysiology
The pathophysiology of hypertension emergency has 
been poorly studied and is multifactorial in nature. 
We provide an overview, but a detailed mechanistic 
analysis is beyond the scope of this review. 
Uncontrolled hypertension is associated with long 
term endothelial damage, including oxidative stress 
and impaired production of nitric oxide.28 Arteriole 
thickening and atherosclerosis lead to narrowing and 
diminished compliance, including in the cerebral 
circulation (fig 1). An overarching hypothesis related 
to a final common pathway underlying hypertensive 
emergency is believed to involve the failure of the 
autoregulatory mechanism in the vascular bed and 
an abrupt rise in systemic vascular resistance. This 
leads to microcirculatory damage, excessive renin-
angiotensin system activation and vasoconstriction, 
pressure natriuresis, and volume depletion which 
contributes to a feed-forward process and accelerated 
blood pressure elevations.

Understanding the effects of hypertension on the 
cerebral circulation is essential in the evaluation 
and management of hypertensive emergency. 
The process of cerebral autoregulation maintains 
constant blood flow across a broad range of systemic 
arterial pressure. For normotensive patients, the 
upper threshold of this range is approximately a 
mean arterial pressure of 150 mm Hg.29 30 However, 
in patients with uncontrolled hypertension over long 
periods of time, the cerebral vasculature undergoes 
pathological remodeling and impaired smooth 
muscle function that shift this threshold to the right 
(fig 2).31 Hence, patients in hypertensive emergency 
may be well tolerant of mean arterial pressure values 
well above 150 mm Hg.32

Due to these adaptations, many patients with acute 
severe hypertension are at low risk of immediate 
cerebral injury due to autoregulatory failure and 
associated end-organ injury. Rather, there exists 
potential for harm with over-aggressive treatment, 
such as watershed ischemia and renal inury.33-36 
Rapid lowering of blood pressure has the potential 
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to cause adverse cerebrovascular effects, particularly 
in patients with chronic, uncontrolled hypertension. 
Over time, these patients reset their cerebral 
autoregulatory limits and may tolerate rapid blood 
pressure normalization poorly. Such changes are 
reversible with treatment, and, over time, patients 
reset their cerebral autoregulatory curve toward 
normal levels.

Diagnostic evaluation of suspected hypertensive 
emergency
We focus this discussion on evaluation of key 
organs affected by hypertensive emergency and 
appropriate laboratory and imaging testing. The 
first, but often overlooked step in evaluation is 
proper blood pressure measurement. Particularly 
in the emergency department and hospital setting, 
it is common for measurements to stray from best 
practice. Remeasurement with an appropriately sized 
and positioned cuff and ensuring that the patient is 
seated and relaxed can exclude the need for further 
evaluation.37 Furthermore, remeasurement after 
adequate analgesia for patients with severe pain 
often ameliorates markedly elevated blood pressure 
measurements. In conditions where intensive 
treatment is warranted, such as aortic dissection, 
invasive arterial blood pressure monitoring allows 
for continuous measurements. When less intensive 
treatment is needed, non-invasive and appropriately 
sized automated cuffs may be adequate for 
antihypertensive titration.

Clinical evaluation
Once appropriate blood pressure measurements 
confirm severe hypertension that was not specious 
or reactive to stress or pain, the history taking and 
physical examination focus on symptoms and 
findings related to organ injury.38-41 The clinical 
history includes previous diagnosis of hypertension, 
cardiovascular disorders, cardiometabolic disorders, 
endocrine disorders, pheochromocytoma, and 
chronic kidney disease. Furthermore, history 
includes recent alcohol intake (or cessation), 
sympathomimetic drugs, supplements, and 
medication adherence.42 Drugs containing 
amphetamines, methamphetamine, and cocaine 

are common and may precipitate hypertensive 
emergencies. In females of reproductive age, the 
history should include current or prior pregnancy 
related elements.

A focused neurological and ophthalmic history and 
exam is highly valuable in the evaluation of severe 
hypertension. Seizures and altered consciousness 
can be indicative of hypertensive encephalopathy. 
Although it is a common finding (in nearly 25% of 
patients with severely elevated blood pressure), 
headache alone does not indicate the presence of a 
hypertensive emergency.39 Focal neurological deficits 
point to intracerebral hemorrhage or ischemic stroke. 
Visual symptoms, visual acuity, and fundoscopic 
exam are also valuable assessments. Fundoscopic 
exam determines severity of hypertensive 
retinopathy.43 Arteriole tortuosity and arteriovenous 
nipping are indicative of mild hypertensive 
retinopathy and are chronic findings. New flame 
hemorrhages, cotton-wool spots, or microaneurysms 
suggest more acute injury and are consistent with 
moderate or grade 3 retinopathy. The added finding 
of papilledema is consistent with severe retinopathy 
and requires immediate blood pressure lowering.

Cardiovascular symptoms such as chest pain 
(26%), shortness of breath (29%), palpitation, 
and claudication are also common in patients with 
possible hypertensive emergency.44 Exam can reveal 
clear signs of acute heart failure and pulmonary 
edema (jugular venous pulsation, extra heart sounds, 
pulmonary rales, peripheral edema) or less common 
findings of vascular pathology such as abdominal 
bruits or discordant peripheral pulses. Diaphoresis, 
palpitations, frequent headaches, and autonomic 
instability could prompt further evaluation for 
pheochromocytoma.

A hierarchical strategy has been proposed to 
differentiate a true hypertensive emergency by 
evaluating for five symptoms: chest pain, dyspnea, 
headache, visual disturbances, or other neurological 
symptoms.45 In a retrospective study the absence 
of any symptoms ruled out an emergency with a 
negative predictive value of 99%.46 Conversely, 
the presence of any symptom had poor positive 
predictive value (23%). While further work is needed 
to improve predictive models, these findings confirm 
that a true hypertensive emergency is uncommon 
among asymptomatic individuals even when they 
present with severe hypertension.

Diagnostic testing
Laboratory testing
In patients with acute severe hypertension and no 
symptoms, diagnostic testing can be minimal. In 
those with symptoms and concern for hypertensive 
emergencies, clinicians can tune diagnostic testing 
to specific symptoms and potential associated organ 
involvement. Most of these patients will require an 
electrocardiogram, a complete blood count with 
differential, and a metabolic profile assessing sodium, 
potassium, creatinine, and estimation of glomerular 
filtration. The presence of acute kidney injury and 
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Fig 2 | Shifting of cerebral autoregulatory curve to the right due to chronic, uncontrolled 
hypertension
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fragmented red blood cells are important markers of 
hypertensive emergencies. Other laboratory studies 
can include thyroid function studies, urine analysis 
for protein, and urine sediment for erythrocytes, 
leukocytes, and casts.37 47

Some experts advocate laboratory evaluation of 
secondary causes of hypertension, including plasma 
renin activity, aldosterone, and catecholamines.42 
However, these tests for secondary causes are 
rarely evaluated in the emergency department 
setting. Given stimulation of the renin-angiotensin 
system (that is, secondary hyperaldosteronism), 
volume depletion, and sympathetic activation that 
occur in severe hypertension, the evaluation for 
many secondary causes of hypertension (such as 
primary aldosteronism, pheochromocytoma) can 
be confounded.48-50 While secondary hypertension 
can contribute to uncontrolled hypertension, the 
prevalence and contributing role in hypertensive 
emergency is not well described.51 With the possible 
exception of diagnosing key hyperadrenergic states 
(such as drug induced, pheochromocytoma) that 
may benefit from unique treatments, it remains 
unclear if the immediate management course in the 
emergency setting will be modified. A high index 
of suspicion to rule out hyperadrenergic states is 
needed, whereas the evaluation for other secondary 
causes of hypertension can typically be deferred 
until the patient is stable.

Circulating biomarkers such as brain natriuretic 
peptide (BNP) or NT-proBNP and high sensitivity 
troponin are valuable in evaluation of cardiovascular 
symptoms, ruling out myocardial damage and 
heart failure, and provide important prognostic 
information. Lactate dehydrogenase (LDH), 
which reflects thrombotic microangiopathy, may 
also have value in the evaluation of hypertensive 
emergency. In a small prospective observational 
study, LDH levels >190 U/L were associated with 
hypertensive emergency.52 Further study is needed 
to determine the accuracy and prognostic value of 
LDH. High sensitivity troponin values are essential in 
diagnosing acute myocardial infarction, and details 
on interpreting these results are discussed below. 
Studies have also shown high positive predictive 
value in elevated NT-proBNP for hypertensive 
emergency.52  53 Other biomarkers—including C 
reactive protein, plasminogen activator inhibitor-1, 
D-dimer, urinary albumin:creatinine ratios, and 
novel factors related to renal, cerebrovascular, or 
endothelial damage—have been considered, but 
their clinical utility in hypertensive emergency is not 
established.54

Imaging
Imaging in patients with potential hypertensive 
emergencies is tailored to symptoms and suspected 
organ injury, and often incorporates plain 
radiography and computed tomography (CT). 
Head CT imaging is insensitive for the diagnosis of 
hypertensive encephalopathy and should not be used 
to rule out this emergency. Rather, non-contrast head 

CT in patients with severely elevated blood pressure 
and altered mental status is critical for determining 
the presence or absence of intracerebral hemorrhage. 
In a small number of patients with hypertensive 
encephalopathy, the non-contrast head CT may 
reveal vasogenic edema, often in a bi-hemispheric 
distribution.

Hypertensive encephalopathy remains a clinical 
diagnosis and does not require imaging findings of 
vasogenic edema. If available, magnetic resonance 
imaging (MRI) has greater sensitivity in identifying 
vasogenic edema and can solidify the diagnosis 
when uncertainty is present. Vasogenic edema is 
commonly seen in a parieto-occipital pattern, which 
is consistent with the radiological classification 
of poster reversible encephalopathy syndrome. 
The vasogenic edema appears as hyperintense 
lesions in T2-weighted or fluid attenuated inversion 
recovery (FLAIR) sequences. Brain MRI may also 
reveal microhemorrhages in about 65% of patients 
with hypertensive encephalopathy.55 Brain MRI 
is also critical in differentiating hypertensive 
encephalopathy from acute stroke when both 
diagnoses are being considered.

The role of ultrasonography in the evaluation 
of cardiovascular hypertensive emergencies is 
evolving. Echocardiography can be useful for 
assessing left ventricular hypertrophy, systolic and 
diastolic dysfunction, atrial dilation, and aortic 
coarctation. While not sensitive, bedside point of 
care ultrasonography has good specificity for the 
diagnosis of acute aortic dissection, particularly 
when the dissection extends into the abdominal 
aorta.56 Lung ultrasonography is an accurate method 
of diagnosing acute pulmonary edema through 
detection of B-lines.57

Other forms of ultrasonography may be limited 
in evaluating hypertensive emergencies but can 
confirm longstanding effects of uncontrolled 
hypertension on vascular damage. These include 
carotid ultrasound assessing for stenosis or plaques, 
renal artery duplex for stenosis, and carotid-femoral 
pulse wave analysis for arterial stiffness.37  45  47  58 
Similarly, pulse wave analysis devices can provide 
useful information on subclinical vascular damage 
by measuring pulse waves and estimating arterial 
stiffness.59 In the prospective, observational 
ERIDANO study, investigators are using this pulse 
wave analysis to quantify arterial stiffness following 
an emergency department visit for severely elevated 
blood pressure.58

Management
Severely elevated blood pressure without 
emergency
Management decisions depend on the presence or 
absence of a hypertensive emergency that requires 
immediate blood pressure lowering (fig 3). Most 
patients evaluated for hypertensive emergency have 
a negative work-up for acute organ injury and are 
diagnosed with acute severe hypertension. They 
may often be managed as an outpatient. Their risk of 
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long term cardiovascular disease is substantial, but 
short term adverse cardiovascular events have not 
been demonstrated.3 38 In a large retrospective study 
of 59 535 patients presenting to outpatient clinics, 
4.6% of patient had blood pressure measurements 
>180/110 mm Hg. Most (72.9%) of these patients 
had a known diagnosis of hypertension, and 58.2% 
were taking two or more antihypertensives.3 For 
these patients, referral to the emergency department 
and hospital admission were not associated with 
better outcomes.

In a case of acute severe hypertension in the 
emergency department when it is unclear if this is 
a hypertensive emergency, clinicians may consider 
a period of observation. In patients thought to be at 
low risk for hypertensive emergency, a period of quiet 
resting has been shown as effective as a medication 
in lowering blood pressure over two hours in a 
randomized trial.60 In this trial of 138 patients 
randomized to rest or treatment with telmisartan, 
the mean blood pressure reduction at two hours was 
32.2 and 32.8 mm Hg respectively (non-significant 
difference, P=0.065). Mindfulness combined with 
slow breathing may also be highly effective.61 In 
a trial of 110 patients randomized to usual care 
versus a mindfulness exercise using pursed-lip 
breathing and number counting, there was greater 
mean reduction in systolic blood pressure in the 
intervention group compared with usual care at 3 
hours (difference 9.8 mm Hg (95% CI 4.1 to 15.5)).61 
A pilot trial and observational data have shown that 
anxiolytics lower blood pressure in this scenario as 
well.62  63 The pilot trial randomized 36 patients to 
oral diazepam or captopril and showed a decrease in 
mean systolic blood pressure from 213 to 170 mm Hg 

in the diazepam group and from 208 to 181 mm Hg 
in the captopril group.62 Resumption of outpatient 
oral antihypertensive medications is appropriate. 
In patients without known outpatient medications, 
initiation of an oral antihypertensive medication 
according to guidelines is reasonable while awaiting 
additional testing.17  18 In all patients ultimately 
discharged to outpatient follow-up, barriers to 
ongoing antihypertensive management must be 
addressed. Such barriers may include financial and 
insurance-based challenges, educational gaps, 
transportation difficulties, and other social factors. 
Upwards of 65% of patients have uncontrolled 
hypertension at six months after an emergency 
department visit for severe hypertension.3

When patients require inpatient hospital admission 
for diagnoses other than hypertensive emergencies 
and have acute severe hypertension during their 
hospital stay, which can occur for a variety of reasons 
(such as pain, anxiety, poor sleep, excessive fluids), 
there is significant heterogeneity in management. 
Strategies range from use of oral medications as 
needed (such as clonidine, labetalol), to gradual 
titration of long acting oral antihypertensives, to 
intensive therapy with intravenous antihypertensive 
agents. Observational evidence points to harm 
associated with intensive treatment with intravenous 
antihypertensives as well as from use of as-needed 
medications to control blood pressure spikes without 
a clear indication of hypertensive emergency.64-66 
This practice should be discouraged.

A retrospective study of 66 140 patients 
hospitalized for non-cardiovascular conditions 
found that intravenous antihypertensive treatment 
was associated with more severe adverse outcomes 
such as acute kidney injury and transfer to intensive 
care.64 In this study, approximately 15% of those 
treated had a systolic blood pressure >180 mm Hg. 
A similar observational study analyzing data from 
nearly 23 000 hospitalized adults in 10 hospitals 
within the Cleveland clinic found that those treated for 
acute hypertension had higher rates of acute kidney 
injury and myocardial infarction.65 Lastly, another 
retrospective review of 2189 patients evaluated 
the use of intravenous hydralazine and labetalol: 
only 3% of the patients met clear indications for 
intravenous therapy, and these patients had longer 
associated length of hospital stay compared with 
those not receiving intravenous therapy.66

The optimal approach to managing patients with 
acute severe hypertension in the hospital is gradual 
and stepwise titration of guideline recommended 
oral antihypertensive agents. Intravenous treatment 
is rarely, if ever, indicated. Treating pain, whether 
postoperative pain or from other causes, often 
ameliorates severe rises in blood pressure. Efforts 
to address anxiety or withdrawal states are also 
indicated.40 While it is important to treat severely 
elevated blood pressure when acute end-organ injury 
is present, many of these patients will continue to 
have elevated blood pressure as an outpatient and 
require a coordinated strategy over weeks to months 

Symptoms?

Inpatient management Outpatient management

Focused testing

Medical emergency?

Treat underlying condition,
oral  antihypertensive

medications as needed

Blood pressure lowering
based on syndrome
(antihypertension
infusion preferred)

Suspected hypertensive
emergency

Acute severe hypertension,
oral antihypertensive

medication treatment

Blood pressure >180/110 mm Hg
Reliable measurement?

Yes
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Yes

No

No

If clinically
appropriate

Fig 3 | Overview of evaluation and management strategy for suspected hypertensive 
emergency
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to progressively control blood pressure and prevent 
long term complications.38 67

Management of specific hypertensive emergencies
Guidelines for the management of hypertensive 
emergency unanimously recommend immediate 
treatment when organ injury is present. The treatment 
follows a stepwise pathway, including initial 
reduction in blood pressure, careful monitoring of 
the patient’s clinical status, and subsequent gradual 
blood pressure lowering toward normal limits. 
While broad recommendations are discussed in this 
section, treatment must be also modified and directed 
to the underlying cause, patient comorbidities, 
and special circumstances. Initial blood pressure 
treatment intensity is generally mild to moderate, 
avoiding rapid decreases, in most clinical scenarios. 
Caution must be used in treating blood pressure 
too rapidly in order to avoid end-organ ischemia in 
areas with altered vascular autoregulation in cases 

of chronic hypertension. Figure 4 demonstrates the 
intensity of lowering relative to the underlying risk 
of further pressure-mediated injury based on specific 
syndromes.

We present an overview of blood pressure 
management categorised by organ involvement 
(table 2) and highlight common themes. Obstetric 
hypertensive emergencies were discussed in a 
recent state of the art review and not included here.1 
Randomized controlled trial data informing the 
management of hypertensive emergencies are lacking 
in all areas outside of ischemic and hemorrhagic 
stroke. Hence, we present data from randomized trials 
where applicable, but observational data and expert 
opinion guide most treatment recommendations. We 
focus medication recommendations on the existing 
literature and use of rapidly effective, titratable 
medications. To this end, we universally recommend 
intravenous antihypertensive medications and favor 
continuous infusions for initial management. Two 
particular medications, intravenous hydralazine and 
nitroprusside, are not recommended. Hydralazine is 
inconsistent in its effects and difficult to titrate, and 
both agents can lead to unexpected, sudden drops in 
blood pressure beyond intended targets.66 76

Hypertensive encephalopathy
Hypertensive encephalopathy is defined by 
alterations in mental status with severely elevated 
blood pressure beyond a patient’s limits for cerebral 
autoregulation. Symptoms may also include seizures, 
headache, lethargy, and visual disturbances. Blood 
pressure is commonly >220/110 mm Hg to exceed 
autoregulatory limits. In young adults or those 
without a history of chronic hypertension, however, 
rapid increases in blood pressure even to lower 
elevated ranges are possible. Concomitant findings 
can include acute hypertensive retinopathy and 
microangiopathic hemolytic anemia. While there 

Table 2 | Treatment approaches to hypertensive emergency syndromes
Category Initial hemodynamic targets Agent of choice Alternative
Aortic emergencies (aortic dissection) SBP <120 mm Hg 

HR <60 bpm
Esmolol and nicardipine Clevidipine  

Labetalol
Hemorrhagic stroke68 69 SBP 140-180 mm Hg 

If baseline SBP >220 mm Hg, target near 180 mm Hg
Nicardipine Clevidipine  

Labetalol
Subarachnoid hemorrhage70 Gradual reduction if baseline SBP >180 mm Hg Nicardipine Clevidipine  

Labetalol
Ischemic stroke71-74 Reperfusion therapy: SBP <185 mm Hg and DBP <110 mm Hg  

All others: SBP <220 mm Hg and DBP <120 mm Hg
Nicardipine  
Labetalol

Clevidipine

Myocardial infarction, acute pulmonary edema75 MAP reduction by 15-25% Nitroglycerin  
Labetalol  
Furosemide*

Esmolol  
Nicardipine  
Clevidipine

Hypertensive encephalopathy MAP reduction by 20-25% Nicardipine Labetalol  
Clevidipine

Acute kidney injury MAP reduction by 20-25% Labetalol  
Nicardipine

Clevidipine

Pheochromocytoma or adrenergic crisis MAP reduction by 20-25% Phentolamine Nicardipine  
Clevidipine  
Labetalol†

Most emergencies lack clinical trial data and are based on expert opinion, but we provide references where such data exist. 
BPM = beats per minute; HR = heart rate; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; “reperfusion therapy” includes IV thrombolysis or 
endovascular therapy.
*Furosemide or budesonide indicated for decongestion and small contribution to blood pressure lowering.
†Labetalol is an option following α blockade with phentolamine.
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Fig 4 | Recommended intensity of blood pressure lowering target relative to the 
underlying risk of further pressure-mediated injury in hypertensive emergency 
syndromes
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are characteristic patterns often observed on MRI, 
the diagnosis remains principally a clinical one 
and requires exclusion of other acute neurological 
hypertensive emergencies such as ischemic or 
hemorrhagic stroke. The patterns most commonly 
seen on MRI are those seen with posterior reversible 
encephalopathy syndrome.

The treatment goal in hypertensive encephalopathy 
is immediate reduction of blood pressure to 
restore cerebral autoregulation. Current guidelines 
recommend reduction of the patient’s initial mean 
arterial pressure (MAP) by 20-25% within the first 
hour of care. There are no high quality studies to 
provide strict parameters for MAP reduction. First 
line antihypertensive agents include nicardipine, 
clevidipine, and labetalol. Given its effectiveness and 
ease of titration, nicardipine is often preferred.37  77 
After initial lowering of blood pressure, clinicians 
should maintain the target MAP over the next 2-6 
hours to ensure it is well tolerated. In the event that 
MAP falls beyond the anticipated <25% reduction, 
fluid resuscitation is indicated. Pressure natriuresis 
is a consequence of severe arterial hypertension and 
can lead to intravascular depletion due to increased 
renal sodium excretion. Once initial blood pressure 
lowering is tolerated, further gradual reduction 
toward a blood pressure of 160/110 mm Hg over the 
next 48 hours is acceptable.47

Aortic disease
In the case of aortic dissection and other acute aortic 
syndromes, standard practice and societal guidelines 
dictate immediate afterload reduction with systolic 
blood pressure <120 mm Hg and impulse control with 
a heart rate <60 beats per minute. US and European 
professional guideline recommend β blockade in 
conjunction with calcium channel blockers as first 
line therapy.77 78 Because of its rapid effectiveness and 
ease of titration, esmolol combined with nicardipine 
or clevidipine is an excellent first line agent.79 
Nitroprusside used to be a first line antihypertensive 
agent for afterload reduction in aortic dissection, but 
it has a less favorable side-effect profile (including 
reflex tachycardia, coronary steal, and the potential 
for cyanide toxicity) than newer short acting calcium 
channel blockers.

Acute aortic emergencies are the only category of 
hypertensive emergencies for which >25% reduction 
in mean arterial pressure is indicated. Guidance to 
treat intensively is based on the immediate risk of 
dissection extension and mortality. Nevertheless, 
because many of these patients may have right-
shifting of their cerebral autoregulatory limits, risk 
of cerebral hypoperfusion exists. In a retrospective 
cohort study that assessed blood pressure lowering 
in the management of 112 patients with type B 
aortic dissection, rates of cerebrovascular injury rose 
substantially with reductions in MAP beyond 25%.35

Hemorrhagic stroke and subarachnoid hemorrhage
Of all hypertensive emergencies, the best evidence 
base for blood pressure management is for 

hemorrhagic and ischemic stroke. For hemorrhagic 
stroke, immediate reduction of blood pressure 
is recommended by the International Society of 
Hypertension and European Society of Cardiology 
to a goal systolic blood pressure <130 mm Hg.37  45 
Current guidelines by the American Heart 
Association/American Stroke Association (AHA/ASA) 
target a goal systolic blood pressure of 140 mm Hg, 
with the caveat that clinicians consider higher targets 
if patients present with systolic blood pressure >220 
mm Hg.47 The greater caution in patients with higher 
presenting blood pressure stems from the concern 
for right-shifted cerebral autoregulation and risk of 
hypoperfusion injury with intensive blood pressure 
reduction.

Major randomized controlled trials assessing 
blood pressure targets in hemorrhagic stroke include 
INTERACT-2, ATACH-2, and INTERACT-3.68-80 The 
INTERACT-2 trial randomized 2839 patients to a 
target systolic blood pressure of either 140 mm Hg 
or 180 mm Hg.68 The more intensive target was safe 
but did not significantly reduce the risk of death or 
major disability compared with the less intensive 
target (odds ratio with intensive treatment 0.87 (95% 
confidence interval 0.75 to 1.01)). The ATACH-2 
trial similarly randomized 1000 hemorrhagic stroke 
patients to systolic blood pressure targets of 110-139 
mm Hg or 140-179 mm Hg using nicardipine as the 
primary antihypertensive.80 It showed no significant 
difference in the risk of death or disability based on 
these different blood pressure targets (relative risk 
1.04 (95% CI 0.85 to 1.27)).

The recently published INTERACT-3 trial was 
a pragmatic, cluster randomized trial of 66 140 
patients in 121 hospitals in low to middle income 
countries.69 It tested whether intensive systolic blood 
pressure reduction (<140 mm Hg) included in a 
therapeutic bundle of glucose control, temperature 
management, and coagulopathy reversal was 
superior to usual care. Use of this therapeutic bundle 
was associated with reduced disability and death at 
six months (odds ratio 0.86 (95% CI 0.76 to 0.97)).

Based on the success of this trial and the 
demonstrated safety in the earlier trials, we 
recommend a target systolic blood pressure of 140 
mm Hg for most hemorrhagic stroke patients. In 
those patients who have systolic blood pressure 
measurements >220 mm Hg, more conservative 
lowering to <180 mm Hg is reasonable. Short acting 
calcium channel blockers, including nicardipine and 
clevidipine, are excellent first line antihypertensive 
medications. Comparatively, clevidipine and 
nicardipine achieve similar rates and efficacy of 
reduction, with nicardipine being more readily 
available and at lower cost.71

Compared with intracerebral hemorrhage, 
aneurysmal subarachnoid hemorrhage less 
commonly has accompanying severe elevations in 
blood pressure. Prior guidelines had recommended 
targeting systolic blood pressure <160 mm Hg but 
were based on low quality data. Current AHA/ASA 
guidelines recommend gradual blood pressure 
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lowering when systolic blood pressure exceeds 
180 mm Hg.81 Similar medications choices are 
appropriate such as nicardipine.

Ischemic stroke
In the early management of hypertensive emergency 
and ischemic stroke, the need for acute reperfusion 
therapy (thrombolytic and/or endovascular throm
bectomy) guides blood pressure targets. In patients 
with an ischemic stroke who do not receive acute 
reperfusion therapy, immediate blood pressure 
lowering is not indicated unless blood pressure 
exceeds 220/120 mm Hg. For these patients, gradual 
antihypertensive titration over several days is 
appropriate.

Two large trials in China investigated immediate 
or delayed treatment of elevated blood pressure in 
ischemic stroke. The first CATIS trial randomized 
4071 patients to blood pressure reduction of 10-25% 
in the first 24 hours compared with withholding 
antihypertensive medications.72 The treatment arm 
had no difference in rates of death and disability 
following hospital discharge (odds ratio 1.00 (95% CI 
0.88 to 1.14)). The subsequent CATIS-2 trial enrolled 
4810 patients with mild to moderate stroke and 
systolic blood pressure 140-220 mm Hg and tested 
if a 10-20% blood pressure reduction in the first 24 
hours followed by gradual reduction to <140 mm Hg 
was superior to permitting higher pressures.82 Those 
in the intervention arm compared to a permissive 
approach had no significant difference in rate of 
death and disability at day 90 (odds ratio 1.18 (0.98 
to 1.41)).

For patients receiving acute reperfusion therapy, 
international guidelines recommend blood pressure 
goals of systolic <185 mm Hg and diastolic <110 
mm Hg.83 Recommended antihypertensive agents 
include continuous nicardipine or intermittent 
intravenous labetalol. The AHA/ASA guidelines also 
recommend maintenance of blood pressure <180/105 
mm Hg for the first 24 hours after administration of 
reperfusion therapy.83

Blood pressure management for thrombectomy 
patients has been studies in the past several 
years. The ENCHANTED2 trial performed in China 
randomized 821 patients to intensive blood pressure 
management (systolic blood pressure <120 mm Hg) or 
to a moderate approach (systolic blood pressure 140-
180 mm Hg) after thrombectomy.73 The trial showed 
a greater likelihood of poor functional outcome with 
the intensive target (odds ratio 1.37 (95% CI 1.07 
to 1.76)). The OPTIMAL-BP trial in South Korea 
randomized 306 patients with large vessel occlusion 
stroke to intensive or conventional blood pressure 
management (systolic blood pressure targets of 
<140 mm Hg and 140-180 mm Hg respectively). 
This trial demonstrated potential harm with a 
more intensive blood pressure lowering strategy 
for patients with reperfusion by endovascular 
thrombectomy (adjusted odds ratio for functional 
independence 0.56 (0.33 to 0.96)).74 Lastly, the 
recently published BEST-II trial randomized 120 

patients after endovascular therapy to systolic blood 
pressure targets of <140, <160, or <180 mm Hg and 
assessed infarct volume and functional outcomes.84 
These groups had no significant difference in infarct 
volumes, and the results suggest a low probability of 
benefit from lower blood pressure targets if tested in 
a larger trial.

Cardiac emergencies
Cardiac hypertensive emergencies include acute 
myocardial infarction and cardiogenic pulmonary 
edema with blood pressure >180/110 mm Hg. In 
these presentations, afterload increases myocardial 
demand and strain, leading to ischemic symptoms 
or increased hydrostatic pressure causing pulmonary 
edema. Pulmonary edema is significantly more 
common than myocardial infarction, which is 
consistent with type 2 infarction, in which a mismatch 
in myocardial oxygen supply and demand causes 
ischemia and unstable coronary artery disease is 
absent.85 Diagnosis requires a rise and fall in cardiac 
troponin above the 99th centile reference range. 
Indeterminant elevations in high sensitivity cardiac 
troponin below the 99th centile or any elevations 
that do not follow a pattern of rise and fall are not 
indicative of a type 2 myocardial infarction and do 
not indicate a hypertensive emergency. It is common 
for patients with acute severe hypertension to have 
chronic elevations in cardiac troponin, and these 
patients do not require immediate blood pressure 
lowering.

Blood pressure treatment is indicated when 
acute pulmonary edema or the less common type 
2 myocardial infarction is present. The intensity 
of treatment is mild to moderate, largely based on 
expert opinion, and targets a 15-25% reduction in 
mean arterial pressure and relief of symptoms.77 
Nitroglycerin is a preferred agent and can be 
titrated to relief of chest pain and mean arterial 
pressure. Beta-blockade can reduce tachycardia and 
myocardial oxygen demand. Unless contraindicated, 
esmolol and intravenous labetalol are good second 
line agents. Nicardipine or clevidipine may also 
be beneficial if β blockers are contraindicated. For 
patients with acute cardiogenic pulmonary edema, 
nitroglycerin is also a preferred agent as it provides 
venodilation and preload reduction and afterload 
reduction at higher doses. Limited data indicate 
that high doses of nitroglycerin can be effective.75 
Nicardipine and clevidipine are also excellent agents 
to reduce afterload. These used in conjunction with a 
loop diuretic (such as furosemide or budesonide) can 
provide rapid relief of symptoms due to pulmonary 
edema.

Uncommon causes of hypertensive emergencies
Less common causes of hypertensive emergencies 
include pheochromocytomas and drug induced 
hypertension. Little data exist to guide the intensity 
of blood pressure reduction, but moderate reduction 
of mean arterial pressure by 20-25% is a reasonable 
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approach to improve symptoms and reduce the 
potential for organ injury.

Pheochromocytomas release excess catechola
mines leading to uncontrolled hypertension and 
can precipitate hypertensive emergency. Paroxysmal 
elevations in blood pressure are common in patients 
with pheochromocytoma, whereas the presence of 
the classic triad of episodic headache, diaphoresis, 
and tachycardia is less uniform.86 The diagnosis of a 
pheochromocytoma is difficult and often confounded 
in the setting of hypertensive emergency as even 
contemporary biomarkers (such as plasma free 
metanephrines) can be significantly elevated.49 50 A 
high index of suspicion is needed. In patients with 
newly identified or known pheochromocytoma, initial 
treatment with α antagonists or calcium channel 
blockade is preferred.87 Phentolamine is a preferred 
agent given its α activity and rapid onset of action.88 
In the preoperative management before resection 
of a pheochromocytoma, phenoxybenzamine is the 
preferred α blocker, but it is not indicated for acute 
management.89 Nicardipine is a good choice added 
to phentolamine or as a standalone agent.90 Initial 
treatment with β blocking antihypertensive agents, 
even labetalol, is contraindicated because of the low 
risk of paradoxical hypertension.

Sympathomimetic drugs can also lead to 
hypertensive emergencies. Epidemiological data 
are lacking on the degree to which such drugs 
contribute to various hypertensive emergency 
syndromes. In cases of suspected amphetamine, 
methamphetamine, or cocaine overdose, benzodi
azepines should be considered as first line treatment 
to control clinical symptoms and secondarily 
to reduce blood pressure. Phentolamine is an 
acceptable agent given its α antagonism for blood 
pressure control.88 Nicardipine is a reasonable 
candidate for treatment.77 Selective β-1 blockers are 
contraindicated. In clinical experience, labetalol, as 
a non-selective β blocker and α adrenoceptor blocker, 
is safe and effective in these drug related hypertensive 
emergencies.77

Emerging diagnostic and therapeutic options
Diagnostics
Incremental improvements in diagnostics related to 
hypertensive emergency, such as improved imaging 
for stroke, have occurred over the past decade. 
There remains a large gap, however, in suitable 
diagnostics for detecting underlying endothelial 
injury and autoregulatory failure related to 
hypertensive emergencies. Real time assessment of 
cerebral blood flow or cerebral perfusion pressure 
would allow for personalized approaches to blood 
pressure lowering within safe parameters based on 
autoregulation. Transcranial doppler ultrasound 
can provide surrogate assessments of cerebral blood 
flow and has been studied in suspected hypertensive 
emergency,91 but it is challenging to implement in an 
emergency department, particularly for continuous 
measures. Near-infrared spectroscopy approaches to 
neuromonitoring have been in clinical use for many 

years, such as in perioperative monitoring during 
major cardiac surgery.92 While lacking precision and 
standardized methods for the bedside evaluation of 
hypertensive emergency, this technology continues 
to develop toward reliably assessing functional 
changes and may be an option for guiding treatment 
in hypertensive emergencies in the future.93

Ongoing research into the utility of biochemical 
markers for early recognition of pro-inflammatory 
states and endothelial damage is needed. The 
most promising biomarkers include endothelial 
and inflammatory markers.94 Matrix metallo
proteinases are enzymes that participate in 
the degradation of extracellular matrix when 
undergoing vascular remodeling and vasomotor 
changes.95  96 Thrombomodulin, a transmembrane 
glycoprotein that is expressed on the surface 
of vascular endothelial cells, helps maintain 
vascular homeostasis and protects the endothelial 
bed. Circulating levels under normal physiologic 
conditions are low, and expression is elevated 
with vascular damage.97 Endocan is secreted from 
endothelial cells to promote adhesion of leukocytes 
and is a potential marker of endothelial dysfunction 
in hypertension.98 These different biomarkers could 
serve to improve identification of patients at risk of 
hypertensive emergency.93

Therapeutics
Blood pressure variability is an evolving therapeutic 
target in the management of neurological hyper
tensive emergencies. Post-hoc analysis of multiple 
randomized trials shows that increased blood 
pressure variability after the initial management of 
intracerebral hemorrhage is associated with worse 
neurologic outcomes.99-101 This association was 
present with variability in the acute period (<24 hours 
from presentation) and the subacute time frame 
(up to 7 days). Further research on management 
strategies to target blood pressure variability may 
identify a different therapeutic target.

Preventive measures to mitigate hypertensive 
emergencies begin with public education and 
awareness of hypertension, initiation of therapy, 
and strategies to improve adherence. Data show that 
increased use of home blood pressure monitoring 
is a cost effective way to reduce adverse events.102 
Further research aimed at preventing hypertensive 
emergency through use of novel, patient-centered 
strategies and virtual care is ongoing. The potential 
role of team-based care (including pharmacists 
and community health workers) as well as remote 
monitoring of patients’ vital signs in preventing 
recurrent hypertensive emergency should be 
investigated.

New therapeutic modalities may have a role in 
improving overall blood pressure control in patients at 
risk of hypertensive emergency, but they are unlikely 
to have a role in emergency care. These drugs include 
long acting aldosterone synthase inhibitors and RNA 
interference agents. A phase 2 trial on baxdrostat, 
a selective aldosterone synthase inhibitor, has 
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demonstrated efficacy.103 Another phase 2 trial of 
a lorundrostat, an aldosterone synthase inhibitor, 
demonstrated systolic blood pressure reductions of 
up to 14 mm Hg over eight weeks.104 Research on long 
acting injectable medications (such as zilebesiran) is 
ongoing, and antihypertensive medications that last 
six months have the potential to prevent episodes of 
hypertensive emergency.105 The recently published 
phase 2 trial of zilebesiran, which targets hepatic 
angiotensinogen synthesis with RNA interference, 
showed efficacy in lowering blood pressure at six 
months after a single injectable dose.106 Lastly, recent 
data on renal denervation demonstrate a modest 
reduction in blood pressure, and this therapeutic 
modality may have a role in treating patients with 
difficulty to control hypertension and mitigating 
hypertensive emergencies.107 108

Guidelines
Several international societies, including the 
American Heart Association (AHA)/American 
College of Cardiology (ACC),17 the European Society 
of Cardiology/European Society of Hypertension,18 
the British and Irish Hypertension Society,77 and 
the International Society of Hypertension37 have 
published guidelines about the management of severe 
hypertension and hypertensive emergencies. The 
strength of guidelines published by the British and 
Irish Hypertension Society is its focus on hypertensive 
emergency, whereas the other guidelines are broadly 
on hypertension management. In addition, the AHA, 
ASA, and ACC have published guidelines specific to 
stroke and vascular emergencies.78 81 83 While minor 
differences in drug selection and treatment targets 

exist, the above guidelines are unanimous in their 
emphasis on titratable blood pressure reduction 
for hypertensive emergencies, which includes an 
immediate reduction <25% followed by more gradual 
reduction. These guidelines agree that patients 
with severe elevations in blood pressure without 
signs of acute organ injury do not need emergency 
department evaluation or immediate blood pressure 
reduction with intravenous medications.

Conclusions
Hypertensive emergency is a major global public 
health problem. When hypertensive emergencies are 
present, immediate attention toward careful blood 
pressure reduction with intravenous antihypertensive 
medications is indicated to reduce morbidity. When 
an emergency is absent and patients have acute 
severe hypertension, attention shifts to optimizing 
outpatient management with oral agents. Given the 
lack of randomized trials to guide management of 
hypertensive emergency, there remains a large unmet 
need for further research in these areas.
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HOW PATIENTS WERE INVOLVED IN THE CREATION 
OF THIS ARTICLE

Patients with hypertensive emergency or suspected 
hypertensive emergency participated in informal 
interviews with the writing team to inform the clinical 
perspective within the manuscript. Patients conveyed 
a common sense of anxiety and fear of stroke when 
they had severe blood pressure elevations. They also 
discussed frustrations related to transitions of care 
between the emergency department, hospital, and 
outpatient settings. These discussions particularly 
informed the writing and editing of the section on 
severely elevated blood pressure without emergency.

QUESTIONS FOR FUTURE RESEARCH
•	Are there methods to personalize blood pressure 

lowering based on measurement of cerebral 
perfusion?

•	Do medications that reduce blood pressure variability 
lead to improved outcomes in patients with 
hypertensive emergencies?

•	What strategies will improve long term blood 
pressure control in emergency department patients 
with acute severe hypertension?
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