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Abstract

Hypertensive crisis is a medical emergency that requires urgent pharmacological
intervention to prevent organ damage. The pathogenesis of this condition is often linked to
excessive sympathetic nervous system activation resulting from a strong stress response.
Benzodiazepines, as a class of drugs with anxiolytic and sedative effects mediated through
GABA-A receptor modulation, can effectively target the underlying cause of a sudden rise in
blood pressure while indirectly contributing to its reduction. This study presents a literature
review on the use of benzodiazepines in the treatment of hypertensive crises, with a focus on
their mechanisms of action and the limitations associated with their use.

The analysis indicates that benzodiazepines, in specific patient groups, can effectively
reduce psychological stress and facilitate hemodynamic stabilization. However, the potential
risk of adverse effects, such as respiratory depression, must be considered. Benzodiazepines
should be used with caution as a therapeutic option in hypertensive crisis management.

Aim of the study:

The aim of this study is to analyze the role of benzodiazepines in the management of
hypertensive emergencies. The review aims to gather information on the mechanisms of action
of these drugs, clinical indications, potential benefits and limitations of their use.

Materials and methods:

A systematic review of scientific and medical literature from the PubMed and Google
Scholar databases was conducted.

Conclusions:

The review results indicate that benzodiazepines can play a significant role in the
management of hypertensive emergencies, particularly in cases associated wit stress, anxiety or
autonomic dysregulation. Their mechanism of action, primarily involving the modulation of the
central nervous system, allows for effective reduction of sympathetic overdrive, which can
contribute to elevated blood pressure levels.

While benzodiazepines are not first-line agents for direct blood pressure reduction, their use as
adjuncts to other antihypertensive therapies can improve patient outcomes in specific scenarios.
However, their application requires caution due to potential side effects such as sedation or
respiratory depression.

Further research is needed to establish standardized protocols for their use in hypertensive crises
and identify patient populations that may benefit the most from this therapeutic approach.

Keywords: arterial hypertension; hypertensive crisis; benzodiazepines; blood pressure control;
acute hypertension treatment

Introduction

In the era of civilizational progress, societies face numerous health challenges, including
obesity, diabetes, and hypertension. The accelerating pace of life, geopolitical tensions, such as
the ongoing war beyond Poland’s borders, and the COVID-19 pandemic have contributed to
persistently high-stress levels among the population. Despite numerous public health
campaigns and the promotion of healthy lifestyles, over 1.3 billion adults worldwide were living
with hypertension in 2019, a condition associated with significant economic costs and limited
access to medical care in many countries [1].



According to data from Statistics Poland (GUS), over 500,000 deaths occurred in Poland
in 2021, with cardiovascular diseases accounting for nearly 35% of all fatalities.

The body's response to stress involves a series of mechanisms aimed at adapting to
prevailing conditions. These mechanisms are not limited to physical stressors such as hunger,
heavy physical exertion, or extreme temperatures but also include psychological factors.
Psychomotor agitation or anxiety can trigger excessive activation of the sympathetic nervous
system, potentially resulting in a sudden spike in blood pressure [2].

In conventional hypertension management, various drug classes target specific
physiological components. However, in patients whose sudden blood pressure elevations are
stress-induced, benzodiazepines may be considered as an alternative to standard therapy [3].

Hypertensive Crisis

A hypertensive crisis is an acute condition characterized by a sudden and significant
increase in blood pressure, typically exceeding 179/119 mmHg. Such an abrupt and severe
elevation can result in organ damage, including hypertensive encephalopathy in the brain,
myocardial infarction in the heart, acute renal failure in the kidneys, or damage to the retina.
This state necessitates immediate medical intervention to minimize the risk of severe
complications, including patient mortality [4, 5].

Hypertensive crises can be further classified into two categories:
Hypertensive Urgency: A critical rise in blood pressure without acute organ damage.
Hypertensive Emergency: A life-threatening state with significant organ damage [6].

Scientific literature highlights notable threshold differences for defining this condition,
particularly concerning diastolic pressure. Therefore, in addition to absolute blood pressure
values, the rate of pressure increase and clinical symptoms must be considered. Among patients
with chronic hypertension, a sudden rise in blood pressure below the defined threshold may still
cause significant organ damage [7].

These variations also depend on age, sex, and comorbid conditions. For instance, older
adults may experience organ complications at lower blood pressure levels due to increased
vascular stiffness and reduced cardiovascular adaptability. Similar observations have been
reported in patients with diabetes or chronic kidney disease [8—10].

A hypertensive crisis requires prompt clinical assessment and blood pressure
measurement to determine an appropriate treatment strategy. Therapeutic decisions should be
based not only on blood pressure values but also on a comprehensive patient evaluation,
including comorbid conditions and presenting clinical symptoms.

Classification of Hypertensive Crisis

As previously mentioned, the diagnosis of a hypertensive crisis requires attention not
only to blood pressure values but also to the patient’s clinical status. The literature identifies
two main classifications of sudden blood pressure elevation, which determine the treatment
approach and prognosis for the patient:



Hypertensive Urgency

Hypertensive urgency is defined as a severe elevation in blood pressure, typically
exceeding 179/119 mmHg, without acute organ damage. Nonspecific symptoms, such as
anxiety, headaches, dizziness, nausea, or vomiting, may be present, but they do not pose an
immediate threat to life. This condition generally does not require hospitalization but
necessitates prompt treatment to prevent complications [8, 10, 11].

The primary goal of therapy is to gradually lower blood pressure over 24—48 hours to
reduce the risk of ischemic organ damage. This treatment is typically conducted in an outpatient
setting using oral medications administered by emergency medical teams, emergency
department staff, or in urgent care settings. Commonly used drugs include ACE inhibitors such
as captopril [10, 12].

Hypertensive Emergency

Hypertensive emergency involves a critical rise in blood pressure, usually exceeding
179/119 mmHg, accompanied by symptoms of acute organ damage. These injuries are often
reversible but require immediate intervention and a carefully planned treatment strategy to
minimize the risk of permanent complications, including death [9, 13].

In managing hypertensive emergencies, immediate blood pressure reduction is
necessary, often achieved through intravenous medications. The rate of pressure reduction must
be carefully controlled to prevent ischemic organ damage, particularly in the brain.
Recommendations for the speed of blood pressure reduction vary based on the clinical scenario
and organ damage present (Table 1) [14, 15].

Key Considerations for Management
e Hypertensive Urgency: Gradual reduction in blood pressure over 24—48 hours, typi-
cally managed with oral antihypertensives.
e Hypertensive Emergency: Immediate reduction in blood pressure with intravenous
medications, with close monitoring to prevent ischemic complications.
This classification underscores the importance of tailoring treatment strategies to each patient's
specific clinical presentation and underlying pathophysiology.

Clinical Scenario Target BP Reduction Time Frame

Hypertensive Reduce MAP by 20-25% Within 2 hours
Encephalopathy

Aortic Dissection SBP < 120 mmHg Within 20 minutes
Ischemic Stroke Lower BP if SBF > 220 mmHg or DBF > 120 Gradually over 24-48
mmHg hours
Hemorrhagic Stroke Lower SBP to < 140 mmHg if initial SBP is 150- Within 1 hour
220 mmHg
Myocardial Infarction Gradual reduction of MAP Within 24 hours

Acute Renal Failure Reduce MAP by 20-25% Within 2 hours



Selected Medications and Their Mechanisms of Action

Sodium Nitroprusside

Sodium nitroprusside is a potent vasodilator that releases nitric oxide (NO), which activates
guanylyl cyclase (cGMP) in vascular smooth muscle cells. Increased cGMP levels reduce
calcium ion availability in muscle cells, leading to smooth muscle relaxation and vessel dilation.
This mechanism decreases peripheral vascular resistance and lowers blood pressure [16].

Captopril

Captopril, an angiotensin-converting enzyme (ACE) inhibitor, blocks the activity of ACE,
preventing the conversion of angiotensin I to angiotensin II. Angiotensin II typically causes
vasoconstriction by stimulating smooth muscle contraction in blood vessels. Reduced
angiotensin II levels also inhibit aldosterone secretion, promoting sodium and water excretion,
which lowers blood volume and blood pressure. Additionally, captopril increases bradykinin
levels, a peptide mediator that promotes vasodilation by stimulating nitric oxide and
prostacyclin production. Collectively, these mechanisms contribute to blood pressure reduction
[17]. Clinical studies on captopril’s administration routes have yielded mixed results. In a 2016
study, sublingual administration resulted in a faster and greater reduction in systolic and mean
arterial pressure compared to oral administration, especially within the first 30 minutes post-
dose [18]. However, earlier research from 2012 found no significant difference between the two
methods [19].

Nitroglycerin

Nitroglycerin, an organic nitrate, works through an enzymatic reaction in vascular smooth
muscle cells, where it is metabolized by mitochondrial aldehyde dehydrogenase. This process
releases nitric oxide, which activates guanylyl cyclase, increasing cyclic guanosine
monophosphate (cGMP) levels. Elevated cGMP levels cause smooth muscle relaxation and
vasodilation [20].

Furosemide

Furosemide, a loop diuretic, acts on the ascending limb of the loop of Henle in the nephron. It
inhibits the Na+/K+/2Cl- cotransporter, reducing the reabsorption of sodium, potassium, and
chloride ions into the epithelial cells. This disruption of the osmotic gradient increases water
excretion along with electrolytes, resulting in decreased blood volume and blood pressure [21].

Urapidil

Urapidil combines two mechanisms of action: antagonism of ou-adrenergic receptors and
stimulation of central serotonin 5-HT:A receptors. Blocking ai-adrenergic receptors in vascular
smooth muscle induces vasodilation, reducing peripheral vascular resistance and blood pressure.
Simultaneously, stimulation of central 5-HT:A receptors decreases sympathetic nervous system
activity and vascular smooth muscle tension induced by sympathetic impulses [22].

These drugs represent diverse mechanisms for managing hypertensive crises, allowing
treatment to be tailored to the clinical scenario and patient needs.



The Impact of Stress on Increased Sympathetic Nervous System Activity
Stress is an inherent part of human life and plays a critical role in activating the sympathetic
nervous system (SNS), which is particularly significant in the context of hypertensive crises.
During stressful situations, the body initiates adaptive mechanisms in which the SNS assumes
a central role. It is responsible for the "fight or flight" response, mobilizing the body for action.
Activation of the SNS leads to increased release of catecholamines, such as adrenaline and
noradrenaline, which result in:

e Increased heart rate (tachycardia),
Enhanced myocardial contractility,
Redistribution of blood flow to skeletal muscles and the brain,
Bronchodilation,
Elevated blood glucose levels,

e Increased arterial blood pressure.
These physiological changes prepare the body to endure adverse conditions [23-25].

The hypothalamus is the key organ in mediating and adapting the body’s response to stress.
Stress triggers the heightened release of various hormones, including adrenocorticotropic
hormone (ACTH), glucocorticoids, and vasopressin. Key reactions include activation of the
hypothalamic-pituitary-adrenal (HPA) axis, inhibition of vagal tone, and stimulation of the SN'S
[4].

A stress stimulus activates neurons in the parvocellular region of the paraventricular nucleus,
leading to corticotropin release, subsequently triggering ACTH secretion from the pituitary
gland into the bloodstream. ACTH acts on the adrenal cortex to increase serum glucocorticoid
levels.

In their study on cortisol release during moderate psychological stress, Mark Hamer and
Andrew Steptoe investigated its effects in a group of 509 participants. They found that 15.9%
of the subjects experienced a brief episode of hypertension. The authors concluded that elevated
cortisol levels may contribute to hypertensive episodes in individuals predisposed to
hypertension [27].

Another stress-related response involves the release of opioid neuropeptides, such as beta-
endorphins, from the pituitary gland and arcuate nucleus neurons in the hypothalamus. Beta-
endorphins play an analgesic role. Additionally, stress stimulates noradrenergic neurons in the
locus coeruleus and increases dopamine release. In severe stress, excess noradrenaline,
dopamine, and serotonin can alter sensory processing and dendritic impulse conduction.
Serotonin enhances glucocorticoid effects on hippocampal neurons, further contributing to the
stress response [28].

Understanding these mechanisms underscores the profound impact of stress on blood pressure
regulation, particularly in the context of hypertensive crises. This highlights the importance of
addressing stress in therapeutic strategies aimed at managing hypertension.

Benzodiazepines

One potential cause of hypertensive crises is excessive sympathetic nervous system activation
triggered by psychological or physical stress [9]. Addressing such triggers requires a treatment
approach that not only alleviates symptoms but also targets the underlying cause.



In this context, benzodiazepines - well-known for their sedative and anxiolytic properties - have
a therapeutic role in managing hypertensive crises.

Stress plays a significant role in the pathogenesis of hypertensive crises by amplifying the
activity of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system.
Physiological responses to such activation include increased levels of circulating
catecholamines, leading to elevated vascular resistance, tachycardia, and consequently,
heightened arterial blood pressure [29]. Anxiety, fear, or anger can further exacerbate these
processes, making stress management a critical component of causal therapy for hypertensive
crises.

Benzodiazepines, with their anxiolytic, sedative, and muscle-relaxant effects, act on GABA-A
receptors, dampening excessive central nervous system activity, including that of autonomic
regulation centers such as the hypothalamus and brainstem [30]. This mechanism makes
benzodiazepines particularly effective in reducing sympathetic overactivity and lowering
emotional tension, thereby indirectly lowering blood pressure.

Due to their rapid and effective action, benzodiazepines are especially useful in cases where
hypertensive crises are stress-induced. Their application - whether as monotherapy or
adjunctive therapy - can significantly enhance treatment efficacy, reducing the risk of organ
complications and improving overall outcomes.

Mechanism of Action of Benzodiazepines

Benzodiazepines are agonists of GABA-A receptors, which play a crucial role in inhibiting
neuronal activity in the central nervous system (CNS). Their mechanism of action can be broken
down into several key stages:

Interaction with GABA-A Receptors

GABA-A receptors are ionotropic receptors composed of five subunits that form a chloride ion
channel. Benzodiazepines bind at the interface of the a and y subunits of the receptor, enhancing
its affinity for gamma-aminobutyric acid (GABA), the primary inhibitory neurotransmitter in
the CNS [31].

Enhancement of Chloride Ion Current

When GABA binds to the receptor, the ion channel opens, allowing chloride ions to flow into
the neuron. Benzodiazepines amplify this effect by increasing the flow and duration of chloride
ion influx. This hyperpolarizes the neuronal membrane, making it less susceptible to
depolarization and the generation of action potentials [32].

Macroscopic Effects
Through the modulation of GABA-A receptors, benzodiazepines produce a wide range of
effects:
e Anxiolysis: Inhibition of neuronal activity in structures associated with anxiety pro-
cessing, such as the amygdala [30].
e Sedation: Reduction in activity of neurons within the brainstem reticular formation,
leading to calmness and drowsiness [33].
e Muscle Relaxation: Decrease in skeletal muscle tension through the inhibition of motor
neurons in the spinal cord [32].



e Anticonvulsant Action: Suppression of excessive electrical activity and stabilization
of epileptogenic foci [34].

Role in Hypertensive Crises

While benzodiazepines lack direct antihypertensive properties, they can effectively reduce
blood pressure by attenuating sympathetic nervous system activity. By decreasing neuronal
activity in regions such as the hypothalamus and brainstem, benzodiazepines reduce the release
of catecholamines (adrenaline and noradrenaline) from the adrenal glands. This lowers
peripheral vascular resistance and heart rate [29]. Furthermore, their anxiolytic effects diminish
emotional stress, further reducing activation of autonomic centers.Clinical studies document
reductions in blood pressure following benzodiazepine use, such as with estazolam in patients
with chronic insomnia [35, 36].

Paradoxical Effects

Despite their general efficacy, benzodiazepines may paradoxically increase heart rate,
potentially leading to tachycardia. This compensatory response may result from vasodilation-
induced hypotension, prompting the body to increase cardiac output [37, 38]. Additionally,
paradoxical reactions, including heightened nervous system activity, anxiety, and elevated
blood pressure, can occur in some patients [32].

In summary, benzodiazepines effectively target sympathetic overactivity in hypertensive crises,
although their use requires careful monitoring due to potential compensatory or paradoxical
responses.

Limitations and Precautions in the Use of Benzodiazepines
Despite their extensive use in medicine, benzodiazepines are not without risks and potential
adverse effects.

Respiratory Depression

Benzodiazepines act on GABA-A receptors in neurons of the medulla oblongata and pons,
which are critical for respiratory rhythm regulation. By enhancing the inhibitory action of
GABA, these drugs reduce the activity of neurons responsible for generating and modulating
respiratory signals. This can impair the respiratory center's response to hypercapnia (elevated
carbon dioxide levels) and hypoxia (reduced oxygen levels), leading to a decrease in respiratory
rate and depth [39].

Impact on Clinical Monitoring

The sedative effects of benzodiazepines may complicate the clinical evaluation and ongoing
monitoring of patients. Reduced responsiveness or altered consciousness can mask underlying
conditions, delay diagnosis, or hinder timely interventions.



Key Considerations for Use

While benzodiazepines can be valuable in managing hypertensive crises, particularly those with
a stress-related component, their potential to induce respiratory depression and complicate
clinical assessments necessitates cautious use. Patients should be carefully monitored,
particularly those at risk for respiratory compromise or those requiring precise neurological
evaluation.

Discussion

Hypertensive crisis represents a sudden and severe elevation in blood pressure that can result
in critical organ damage, necessitating rapid management and comprehensive patient care.
Psychological or physical stress is one of the key factors triggering excessive sympathetic
nervous system activation, which contributes to the abrupt rise in blood pressure.

In the management of hypertension, a wide range of pharmacological options is available. These
include various antihypertensive drug classes with distinct mechanisms of action, allowing
treatments to be tailored to the patient’s medical history and clinical condition. This
personalized approach ensures effective and relatively safe management of hypertensive crises.
However, given the multiple possible causes of hypertensive crises, a comprehensive patient
assessment is critical to identifying the underlying trigger and implementing therapy that
restores physiological balance while addressing accompanying symptoms.

In stress-induced hypertensive crises, medications that decrease central nervous system activity
and secondarily inhibit sympathetic responses are a rational therapeutic approach. Although
benzodiazepines lack direct antihypertensive properties, they are effective in reducing
emotional tension and anxiety. By improving the balance between sympathetic and
parasympathetic activity, benzodiazepines can play a critical role in managing stress-induced
hypertensive crises.

Their anxiolytic effects, combined with their ability to decrease sympathetic overactivity, make
benzodiazepines a valuable tool in addressing the pathophysiological mechanisms underlying
these crises. This approach not only mitigates stress-related triggers but also complements other
antihypertensive therapies, contributing to improved patient outcomes.

Benzodiazepines

Benzodiazepines, as a drug class, have a relatively rapid onset of action, making them useful in
acute situations. The literature describes cases of successful use of benzodiazepines as part of
adjunctive therapy in hypertensive crises.

In 2005, a study was published comparing the effects of oral diazepam and captopril in a double-
blind trial involving thirty-six 60-year-olds who presented to the emergency department with
elevated blood pressure (above 200/100 mmHg). The blood pressure-lowering effects were
found to be similar in both groups [40].

In the same year, a study conducted in Brazil involved 100 patients with elevated blood pressure
who presented to the emergency department with symptoms of high blood pressure (SBP
between 180-200 mmHg and/or DBP between 110—120 mmHg). The patients were divided into
two groups: one received treatment with metamizole or diazepam, and the other with captopril.
Both groups demonstrated similar efficacy in lowering blood pressure [41].
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In 2020, a group of researchers from Croatia analyzed data on the use of benzodiazepines in
hypertensive crises in selected healthcare facilities over one year. Among 144 patients included
in the study, a control group was created consisting of 52 patients with elevated blood pressure
without hypertensive crises and a study group of 92 patients meeting the criteria for
hypertensive crises (SBP above 180 mmHg and/or DBP above 120 mmHg).

Patients with hypertensive crises who were treated with diazepam, either as monotherapy or in
combination with other drugs, experienced a significantly greater reduction in systolic blood
pressure (21.9% + 5.2%) compared to the control group (17.9% + 7.9%, p=0.03). Furthermore,
in the group treated with diazepam, there were fewer referrals for further hospitalization (3%
vs. 22%, p=0.013), suggesting more effective management of hypertension in outpatient
settings. The largest reduction in blood pressure (23.6% + 3.9%) was observed in the group that
received a combination of nitrates and benzodiazepines, highlighting the synergistic effects of
these drugs in reducing sympathetic activation and peripheral vascular resistance [42].

These findings indicate that diazepam, as part of a combination therapy strategy, may be an
effective and safe option for treating patients with hypertensive urgencies, especially those
where stress or excessive sympathetic nervous system activation is a significant factor.

Conclusions

The use of benzodiazepines in the management of hypertensive crises remains a controversial
topic in emergency medicine. As demonstrated in this study, benzodiazepines may serve as an
effective tool in the treatment of hypertensive crises, particularly in patients where excessive
sympathetic activation due to stress is a primary trigger for a sudden increase in blood pressure.
Their anxiolytic effects and ability to inhibit sympathetic activity can lead to significant blood
pressure reductions.

Research has shown that the administration of benzodiazepines facilitates blood pressure
lowering, and their combination with other antihypertensive agents can enhance therapeutic
efficacy and reduce the need for hospitalization. This approach has the potential to alleviate the
burden on healthcare systems while providing direct benefits to patients.

The use of benzodiazepines as part of a therapeutic strategy for hypertensive crises is safe,
provided contraindications such as respiratory depression or the risk of dependency are
considered.

A significant advantage is the feasibility of administering these therapies in outpatient settings,
enabling effective treatment without requiring referral to emergency departments or hospital
admissions.

Nevertheless, further research is needed to explore the synergistic effects of benzodiazepines
with other antihypertensive agents and to develop standardized protocols that incorporate
benzodiazepines as a component of pharmacological management in hypertensive crises.
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