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ABSTRACT
Hypertension is one of the most important modifiable risk factors for stroke and contributes substantially to both ischemic
and hemorrhagic cerebrovascular events. Chronic elevation of blood pressure produces vascular remodeling, endothelial
dysfunction, arterial stiffness, cerebral small vessel disease and impaired cerebral autoregulation. In addition, short-term
and visit-to-visit blood pressure variability may contribute to cerebrovascular injury and adversely affect neurological
outcomes. This review summarizes the relationship between hypertension and stroke, with emphasis on pathophysiological
mechanisms, ischemic and hemorrhagic stroke, cerebral small vessel disease, arterial stiffness, blood pressure variability,
cerebral autoregulation and cerebrovascular reactivity. Acute and long-term blood pressure management strategies are also
discussed, together with antihypertensive therapy, lifestyle modification and the role of the clinical pharmacist. A
representative case of a 62-year-old male with long-standing poorly controlled hypertension and acute ischemic stroke is
presented. Serial blood pressure measurements and neurological assessments using the Glasgow Coma Scale and National
Institutes of Health Stroke Scale demonstrate the clinical importance of systematic monitoring. The case also illustrates the
contribution of clinical pharmacists to medication adherence, blood pressure monitoring, laboratory surveillance and patient
counselling. Early recognition and appropriate management of hypertension, combined with long-term secondary
prevention, are essential for reducing recurrent cerebrovascular events and improving patient outcomes.
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INTRODUCTION

Hypertension is a major modifiable risk factor for
cerebrovascular disease and is strongly associated with
both ischemic and hemorrhagic stroke. Persistent elevation
of arterial blood pressure produces structural and

significantly through medication review, identification of
drug-related problems, patient education and monitoring.
Literature review

Overall, the reviewed literature demonstrates that
hypertension-related stroke is influenced by multiple

functional changes in the cerebral circulation. These
changes include endothelial dysfunction, vascular
remodeling, arterial stiffness, impairment of cerebral
autoregulation and progression of small vessel disease.

The relationship between hypertension and stroke is not
determined only by the absolute blood pressure value.
Blood pressure variability, episodic hypertension and long-
term exposure to elevated pressure may also contribute to
cerebrovascular damage. Abnormal blood pressure patterns
may influence cerebral perfusion and increase the risk of
neurological deterioration.

Stroke is broadly classified into ischemic and hemorrhagic
types. Ischemic stroke occurs because of interruption of
cerebral blood flow, whereas hemorrhagic stroke results
from rupture of a cerebral blood vessel and bleeding into
or around the brain. Hypertension is an important
contributor to both mechanisms.

Effective management therefore requires more than
treatment during the acute stroke episode. Long-term blood
pressure control, appropriate antihypertensive therapy,
lifestyle modification, medication adherence and regular
monitoring are important components of secondary
prevention.  Clinical  pharmacists can  contribute
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interconnected mechanisms, including chronic vascular
remodeling, endothelial dysfunction, arterial stiffness,
cerebral small vessel disease, impaired cerebral
autoregulation and blood pressure variability. The
evidence also supports systematic blood pressure
monitoring, appropriate acute management, long-term
antihypertensive therapy, lifestyle modification and
secondary prevention. However, further research is
required to standardize the assessment of blood pressure
variability, determine clinically meaningful thresholds,
evaluate pharmacist-led interventions and clarify the
relationship between blood pressure patterns and long-term
neurological outcomes.

Jones et al. (2025) presented contemporary
recommendations for the prevention, detection, evaluation
and management of high blood pressure in adults. The
guideline provides an updated framework for blood
pressure assessment and long-term management and
reinforces the importance of sustained control of
hypertension for prevention of cardiovascular and
cerebrovascular complications.

Rose et al. (2025) reviewed blood pressure variability after
acute ischemic stroke and intracerebral hemorrhage and
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discussed issues related to its definition, measurement and
potential intervention. The authors highlighted the need for
greater consistency in measuring and interpreting blood
pressure variability and identified opportunities for future
research. This literature supports the inclusion of serial
blood pressure measurements and standardized variability
measures in stroke-related clinical research.

Zhao et al. (2024) examined the relationship between
blood pressure variability and cerebral small vessel disease
through a systematic review and meta-analysis. Their work
adds evidence that fluctuations in blood pressure may be
related to cerebral small vessel injury. This is particularly
relevant because chronic hypertension and blood pressure
variability may contribute to white-matter injury and other
manifestations of small vessel disease.

Powers et al. (2019) provided guidance on the early
management of acute ischemic stroke, including
assessment and management of blood pressure in relation
to acute stroke treatment and reperfusion strategies. The
guideline highlights the importance of appropriate blood
pressure assessment and controlled management in the
acute setting, particularly when reperfusion therapy is
being considered.

Kleindorfer et al. (2021) provided recommendations for
secondary prevention in patients with stroke or transient
ischemic attack. Hypertension management was identified
as an important component of reducing the risk of
recurrent stroke, together with management of other
vascular risk factors and lifestyle-related measures. This
guideline supports continued blood pressure control after
the acute stroke period.

Gorelick et al. (2020) discussed blood pressure
management in patients with stroke and emphasized that
management should consider the type of stroke, timing of
intervention and the relationship between blood pressure
and cerebral perfusion. Their review supports an
individualized approach to blood pressure management
during acute stroke and highlights the need to balance
treatment of severe hypertension with preservation of
adequate cerebral perfusion .

The PROGRESS Collaborative Group (2001) evaluated
a perindopril-based blood-pressure-lowering regimen in
individuals with previous stroke or transient ischemic
attack. The trial demonstrated the importance of blood-
pressure-lowering treatment for secondary prevention of
recurrent cerebrovascular events. These findings support
sustained antihypertensive therapy as an important
component of long-term stroke prevention .

Manning et al. (2015) systematically reviewed the
prognostic significance of short-term blood pressure
variability in acute stroke. Their findings indicated that
abnormal short-term blood pressure fluctuations may be
associated with clinical outcomes after stroke. The review
emphasizes the importance of repeated and systematic
blood pressure measurements during the acute phase rather
than relying only on a single admission value.

Rothwell et al. (2010) investigated the prognostic
significance of visit-to-visit blood pressure variability,
maximum  systolic blood pressure and episodic
hypertension. The study demonstrated that fluctuations in
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blood pressure, in addition to sustained blood pressure
elevation, are clinically relevant to vascular outcomes.
This evidence supports consideration of blood pressure
patterns and variability when assessing patients at risk of
cerebrovascular events.

Webb and Werring (2022) reviewed the relationship
between hypertension and cerebrovascular
pathophysiology and highlighted the importance of chronic
blood pressure elevation in producing structural and
functional changes within the cerebral circulation. Their
review described vascular remodeling, endothelial
dysfunction, impaired cerebral autoregulation and other
vascular abnormalities as important mechanisms linking
hypertension with cerebrovascular disease. These findings
provide a pathophysiological basis for understanding why
long-term uncontrolled hypertension increases stroke risk.

HYPERTENSION AS A RISK FACTOR FOR
STROKE

Long-term hypertension damages both large and small
cerebral arteries. Persistent elevation of blood pressure
increases mechanical stress on the vascular wall and
promotes endothelial injury, vascular remodeling and
atherosclerotic changes.

Hypertension contributes to stroke through endothelial
dysfunction, atherosclerotic vascular changes, arterial
stiffness, cerebral small vessel disease, lipohyalinosis and
arteriolar remodeling, impaired cerebral autoregulation,
increased blood pressure variability and increased risk of
intracerebral hemorrhage. The cumulative vascular effects
of hypertension increase susceptibility to cerebrovascular
events. Poor adherence to antihypertensive therapy may
further increase the risk of uncontrolled blood pressure and
recurrent stroke.
PATHOPHYSIOLOGY OF
RELATED STROKE

Chronic hypertension produces progressive changes in
cerebral blood vessels. Increased vascular pressure
stimulates structural remodeling and may reduce the ability
of cerebral vessels to appropriately regulate blood flow.
Chronic hypertension — Endothelial dysfunction —
Vascular remodeling and arterial stiffness — Small vessel
damage/atherosclerosis — Impaired cerebral
autoregulation — Reduced cerebrovascular reserve —
Cerebral ischemia or vascular rupture — Stroke.
HYPERTENSION AND ISCHEMIC STROKE
Ischemic stroke occurs when cerebral blood flow is
interrupted by arterial occlusion. Hypertension promotes
atherosclerosis, vascular remodeling and small vessel
disease, all of which may contribute to cerebral ischemia.
In acute ischemic stroke, blood pressure management
requires careful consideration because excessive reduction
in blood pressure may compromise perfusion of potentially
salvageable brain tissue. Following the acute phase,
sustained blood pressure control is an important
component of secondary stroke prevention.
HYPERTENSION AND HEMORRHAGIC STROKE
Hypertension is an important risk factor for intracerebral
hemorrhage. Chronic pressure-related damage weakens
small penetrating arteries and arterioles. Rupture of these
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vessels may result in bleeding within the brain
parenchyma. Chronic hypertension — small vessel
structural damage — vascular wall weakening —
microvascular rupture — intracerebral hemorrhage.
CEREBRAL SMALL VESSEL DISEASE

Cerebral small vessel disease represents pathological
changes affecting the small arteries, arterioles, capillaries
and venules of the brain. Hypertension is a major
contributor to its development. Chronic hypertension can
cause arteriolar wall thickening, lipohyalinosis, reduced
vascular compliance, white matter injury, lacunar
infarction and cerebral microbleeds. Progressive small
vessel disease may contribute to cognitive impairment, gait
disturbance and recurrent stroke.

ARTERIAL STIFFNESS

Arterial stiffness increases with prolonged exposure to
hypertension and vascular injury. Stiffer arteries transmit
pulsatile pressure more directly into the cerebral
microcirculation. Increased arterial stiffness may therefore
contribute to cerebral microvascular injury, white matter
damage and impaired vascular reactivity.

BLOOD PRESSURE VARIABILITY

Blood pressure variability (BPV) refers to fluctuations in
blood pressure over different time intervals. Variability
may occur between visits, during a single day or over
shorter periods. In patients with stroke, BPV may have
clinical significance because rapid or excessive
fluctuations can influence cerebral perfusion and vascular
stress. Factors associated with BP variability may include
poor medication adherence, inappropriate dosing,
autonomic dysfunction, acute illness, pain and stress, sleep
disturbances and environmental factors.
CEREBRAL AUTOREGULATION
CEREBROVASCULAR REACTIVITY
Cerebral autoregulation is the ability of the brain to
maintain relatively stable cerebral blood flow despite
changes in systemic blood pressure. Chronic hypertension
may shift the autoregulatory range and impair vascular
responsiveness. During acute stroke, abnormalities in
autoregulation may make cerebral tissue more vulnerable
to both hypoperfusion and excessive blood pressure.
Cerebrovascular reactivity refers to the capacity of cerebral
vessels to change their diameter and blood flow in
response to physiological stimuli.

MANAGEMENT OF BLOOD PRESSURE IN
STROKE

Blood pressure management should be individualized
according to stroke type, neurological status, timing and
treatment requirements. In acute ischemic stroke, excessive
blood pressure reduction may compromise cerebral
perfusion; therefore, management should follow the
clinical circumstances and applicable stroke-management
protocols. In intracerebral hemorrhage, controlled blood
pressure reduction may be an important component of
acute management. After stabilization, long-term blood
pressure control is essential for secondary prevention.
ANTIHYPERTENSIVE THERAPY

Antihypertensive treatment should be individualized
according to the patient's clinical characteristics,
comorbidities, tolerability and treatment goals. Common

AND
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classes include ACE inhibitors such as perindopril and
ramipril; ARBs such as losartan and telmisartan; calcium
channel blockers such as amlodipine; thiazide/thiazide-like
diuretics such as hydrochlorothiazide and indapamide; and
beta blockers such as metoprolol and bisoprolol for
selected cardiovascular indications. Combination therapy
may be required when adequate BP control is not achieved
with a single agent.

LIFESTYLE MODIFICATION

Lifestyle modification is an important component of
hypertension and stroke prevention. Recommended
measures include reduction of dietary sodium, a balanced
diet rich in vegetables and fruits, regular physical activity
according to functional status, maintenance of healthy
body weight, smoking cessation, limitation of alcohol
intake, adequate sleep, stress management, regular
monitoring of blood pressure and consistent medication
adherence.

ROLE OF THE CLINICAL PHARMACIST

Clinical pharmacists can contribute to both acute and long-
term stroke care through medication review, adherence
assessment, blood pressure monitoring, laboratory
monitoring, patient counselling, secondary prevention and
documentation. They can identify missed doses and
barriers to treatment, review potential drug-related
problems, monitor renal function and electrolytes when
appropriate, and educate patients and caregivers about
medication use and lifestyle modification.

CASE REPORT

Representative Case

A 62-year-old male with a 12-year history of hypertension
presented to the hospital with sudden-onset right-sided
weakness and difficulty speaking. Symptoms had
developed approximately two hours before presentation.
The patient reported irregular use of prescribed
antihypertensive medication. He was a former smoker and
had no known history of diabetes mellitus.

On admission: BP 196/108 mmHg; pulse 84 beats/min;
respiratory rate 18/min; SpO2 97%; GCS 14/15; NIHSS 12.
Neurological examination demonstrated right upper and
lower limb weakness, facial asymmetry, dysarthria and
mild expressive language impairment. CT showed no
intracerebral hemorrhage. MRI demonstrated an acute
ischemic infarction. Laboratory investigations included
CBC, electrolytes, creatinine, glucose, HbAlc and lipid
profile. ECG showed sinus rhythm.

Serial Blood Pressure Monitoring

Time Blood Pressure (mmHg)
Admission 196/108

1 hour 188/104

2 hours 181/101

4 hours 174/96

6 hours 184/99

12 hours 166/92

24 hours 158/88
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48 hours 148/84
Discharge 132/78
Neurological Monitoring
Time GCS NIHSS
Admission | 14/15 12
24 hours 14/15 10
48 hours 15/15 8
Discharge | 15/15 5
30 days 15/15 3
90 days 15/15 2

CLINICAL INTERPRETATION

The case demonstrates the clinical relationship between
poorly controlled chronic hypertension and acute ischemic
stroke. The patient's prolonged history of hypertension and
irregular  antihypertensive use represent important
modifiable risk factors. The initial BP of 196/108 mmHg
indicated marked hypertension at presentation. Serial
measurements demonstrated a gradual reduction over the
subsequent 48 hours and continued improvement by
discharge. The initial NIHSS score of 12 indicated a
clinically significant neurological deficit. Progressive
reduction of the NIHSS score from 12 at admission to 2 at
90-day follow-up was accompanied by improvement in the
GCS.

PHARMACIST INTERVENTIONS IN THE CASE
The clinical pharmacist's interventions included
assessment of antihypertensive medication adherence,
review of the patient's BP pattern, monitoring of relevant
laboratory parameters and counselling regarding long-term
treatment. The patient was educated regarding the
importance of taking antihypertensive medications
regularly and attending scheduled follow-up visits.
Lifestyle measures and BP monitoring were also
emphasized.

DISCUSSION

Hypertension remains a major modifiable contributor to
cerebrovascular disease. Its effects extend beyond
sustained elevation of blood pressure and include vascular
remodeling, arterial stiffness, small vessel disease and
impairment of cerebral autoregulation. Blood pressure
variability is increasingly recognized as an important
consideration in stroke patients. Fluctuations in BP may
influence  cerebral  perfusion, particularly  when
autoregulatory mechanisms are impaired.

The representative case demonstrates the practical value of
serial BP and neurological monitoring. The patient
presented with severe hypertension and significant
neurological impairment. Following clinical management,
BP progressively decreased and neurological scores
improved during hospitalization and follow-up. Long-term
management remains essential because successful
treatment of the acute event does not eliminate the risk of
recurrent stroke.

Clinical pharmacists can play an important role by
identifying medication-related problems, improving
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adherence, monitoring treatment safety and providing
patient education. A multidisciplinary approach involving
physicians, pharmacists, nurses, rehabilitation
professionals and caregivers may provide comprehensive
stroke care.

PROPOSED PHARM.D PROJECT FRAMEWORK
Suggested Study Title: “Assessment of Blood Pressure
Variability and Neurological Outcomes in Patients With
Hypertension-Related Stroke: A Prospective Pharm.D
Study.”

Suggested parameters include demographic characteristics,
hypertension history, medication adherence, serial BP
readings, BP wvariability, GCS, NIHSS, CBC, renal
function, electrolytes, glucose, HbAlc, lipid profile,
antihypertensive treatment, clinical outcomes, length of
stay and 30-day/90-day follow-up. The GCS and NIHSS
should be administered using validated versions and
according to institutional requirements.

RESEARCH GAPS

Important areas for further investigation include
standardization of definitions and measurement methods
for BP variability; identification of clinically meaningful
BP variability thresholds; relationships between BP
variability and long-term neurological outcomes; the role
of continuous or frequent BP monitoring; the influence of
medication adherence; effectiveness of pharmacist-led
interventions; integration of BP variability with cerebral
small vessel disease assessment; and individualized BP-
management strategies.

CONCLUSION

Hypertension is a major modifiable risk factor for both
ischemic and hemorrhagic stroke. Chronic hypertension
contributes to  endothelial  dysfunction, vascular
remodeling, arterial stiffness, cerebral small vessel disease
and impaired cerebral autoregulation. Blood pressure
variability may further influence cerebrovascular risk and
neurological outcomes. Effective stroke management
requires appropriate acute blood pressure management
followed by sustained long-term control. Medication
adherence, lifestyle modification, regular BP monitoring
and management of cardiovascular risk factors are
essential for secondary prevention. The representative case
demonstrates the importance of serial BP and neurological
assessment in hypertension-related ischemic stroke.
Clinical pharmacists can contribute significantly through
medication review, adherence counselling, laboratory
monitoring, BP assessment and patient education.
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