
Volume 3 Issue 4 (2025)	 1� doi: 10.36922/BH025410058

REVIEW ARTICLE

Orthostatic hypotension in clinical practice: 
Definitions, pathophysiology, outcomes, and 
future directions

Abdullah Sarıhan1 , Macit Kalçık1* , Muhammet Cihat Çelik2 ,  
Mucahit Yetim1 , Lütfü Bekar1 , and Yusuf Karavelioğlu1

¹Department of Cardiology, Faculty of Medicine, Hitit University, Corum, Turkey
2Department of Cardiology, Hitit University Erol Olçok Education and Research Hospital, Corum, 
Turkey

Brain & Heart 

Abstract
Orthostatic hypotension (OH) is a common but underrecognized disorder defined 
by an abnormal fall in blood pressure on standing. It reflects impaired autonomic 
and cardiovascular adaptation to postural change, leading to transient cerebral 
hypoperfusion. Beyond immediate symptoms such as dizziness and syncope, OH 
is associated with long-term risks including falls, fractures, cognitive decline, and 
cardiovascular morbidity. This review synthesizes current evidence on epidemiology, 
definitions, pathophysiology, diagnostic approaches, management strategies, and 
future directions. Four phenotypes, including initial, classical, delayed, and delayed 
recovery, represent a clinical continuum from transient to sustained autonomic 
failure. Diagnosis relies primarily on the active standing test, with tilt-table and beat-
to-beat monitoring enhancing detection of atypical forms. Home and ambulatory 
blood pressure monitoring provide additional insight into supine hypertension and 
postprandial patterns. Management prioritizes symptom control and prevention of 
complications through stepwise strategies: Lifestyle modification, volume and salt 
expansion, compression therapy, and pharmacological agents such as midodrine, 
droxidopa, and fludrocortisone. Drug selection and dosing must account for 
comorbid hypertension and supine hypertension risk. Recent research highlights 
phenotype-specific prognostic differences and emerging options, including 
pyridostigmine, atomoxetine, and device-based abdominal compression. Digital 
phenotyping through home or beat-to-beat monitoring may enable personalized 
management. The evolving understanding of OH underscores the importance of 
individualized, evidence-based care aimed at functional improvement and reduction 
of adverse outcomes rather than strict normalization of blood pressure.

Keywords: Orthostatic hypotension; Supine hypertension; Phenotyping; Tilt-table 
testing; Digital monitoring

1. Introduction
Orthostatic hypotension (OH) is not merely limited to clinical definitions; it significantly 
reduces quality of life, leads to traumatic falls, shortens life expectancy, and increases the 
risk of various health problems, particularly cardiovascular diseases.1 For these reasons, 
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the early recognition, comprehensive evaluation, and 
development of management strategies for OH are of great 
importance for both clinical practice and public health.

The prevalence of OH in the general population is 
approximately 5–10%. However, its incidence increases 
markedly with age; prevalence rises to 20–30% in 
individuals over 70  years of age, and may reach 40–50% 
in those aged 85 years and older. Among residents of long-
term care facilities, the rates increase to 25–30%, while in 
those with neurodegenerative disorders such as Parkinson’s 
disease or dementia; prevalence may reach even more 
striking levels.2,3

From a clinical perspective, OH is important not only 
because it produces symptoms but also due to its long-term 
effects. Prospective data show that OH increases morbidity 
due to falls and fractures, predisposes to cognitive decline, 
and is independently associated with cardiovascular 
mortality.4-6

The presence of hypertension increases the risk of 
developing OH. Underlying mechanisms include vascular 
stiffness, autonomic nervous system dysfunction, and the 
effects of antihypertensive medications.7 Nevertheless, 
recent randomized controlled trials have shown that 
intensive blood pressure treatment does not absolutely 
increase the frequency of OH, but rather its cardiovascular 
benefits predominate. Therefore, asymptomatic OH 
alone does not justify the relaxation of antihypertensive 
treatment.5,8

1.1. Methodology of the review

This narrative review was conducted through a structured 
search of the PubMed, Scopus, and Google Scholar 
databases. The search included articles published between 
2000 and 2025, using the following keywords and 
combinations: “orthostatic hypotension,” “neurogenic 
orthostatic hypotension,” “supine hypertension,” 
“autonomic dysfunction,” “tilt-table test,” and “blood 
pressure variability.” Additional references were identified 
from the bibliographies of relevant reviews and guidelines. 
Both clinical studies and major consensus statements 
were included to provide a comprehensive synthesis 
of definitions, mechanisms, diagnostic methods, and 
management strategies.

2. Definition and classification
OH is defined as a reduction of ≥20  mmHg in systolic 
blood pressure (SBP) or ≥10  mmHg in diastolic blood 
pressure (DBP) within 3  min of standing up from the 
supine or resting position, or on tilting to an angle of ≥60°. 
This criterion has long been accepted and is referenced in 
many current guidelines.9,10

However, OH is not restricted to this classical definition; 
it can be classified into several subtypes based on clinical 
and pathophysiological characteristics:
•	 Initial OH: Within the first 15 s of standing, a fall of 

≥40  mmHg SBP or ≥20  mmHg DBP occurs, which 
rapidly recovers. This form is generally transient and 
characterized by short-lived symptoms, and has been 
defined particularly in studies using continuous (beat-
to-beat) blood pressure recordings.11 Recent expert 
consensus has suggested that the term “immediate 
orthostatic hypotension” may more accurately 
describe this phenomenon, as the blood pressure drop 
occurs within the first seconds of standing.12 This 
terminology is gaining attention as an alternative to 
the traditional “initial” term used in earlier literature 
and guidelines.

•	 Classical OH: Occurring between 30 s and 3  min 
after standing, meeting the ≥20/10  mmHg criteria. 
This is the most common type encountered in clinical 
practice.9

•	 Delayed OH: Falls in blood pressure that occur beyond 
3  min of standing, often considered to represent 
milder forms of autonomic failure.9,11

•	 Delayed blood pressure recovery: Blood pressure falls 
after standing but takes longer than 15 s to return to 
baseline; therefore, stabilization of the fall is delayed.9

In addition, OH can be categorized by etiology into two 
main groups:
•	 Neurogenic OH: Due to autonomic nervous 

system dysfunction. Disorders affecting the central 
or peripheral nervous system (e.g., Parkinson’s 
disease, multiple system atrophy (MSA), autonomic 
syndromes, diabetic neuropathy) fall into this group.13

•	 Non-neurogenic OH: Secondary to causes such as 
volume depletion (dehydration, blood loss), cardiac 
dysfunction, drug effects (diuretics, vasodilators, 
antihypertensives), or electrolyte disturbances.9,13

The definition and classification of OH are clinically 
relevant, as each subtype may differ in prognostic value, 
therapeutic approach, and management. The classical 
form is most commonly encountered, whereas initial and 
delayed forms are less frequent but may be overlooked, 
particularly in symptomatic patients. The main phenotypic 
categories and their diagnostic thresholds are summarized 
in Table 1.

3. Pathophysiology
OH occurs as a result of inadequate physiological responses 
to the sudden hemodynamic effects of gravity on standing. 
Under normal conditions, approximately 300–800  mL 
of blood pools in the legs and splanchnic region. This 
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reduces venous return and, consequently, stroke volume; 
if compensatory mechanisms are insufficient, a marked 
fall in systemic arterial pressure ensues.14,15 The main 
compensatory mechanisms during postural change and 
the pathophysiologic disturbances responsible for OH are 
illustrated in Figure 1.

3.1. Normal compensatory mechanisms

In healthy individuals, several simultaneous mechanisms 
are activated in response to standing:

•	 Baroreflex response: Baroreceptors in the 
carotid sinus and aortic arch sense the drop in 
pressure and, through the medulla oblongata, 
increase sympathetic activity while reducing 
parasympathetic tone. As a result, heart rate rises, 
myocardial contractility increases, and arterial and 
venous vessels constrict.2,16

•	 Arterial and venous tone: Vasoconstriction of 
peripheral arterioles supports blood pressure by 
increasing peripheral resistance, while increased 

Table 1. Clinical phenotypes of orthostatic hypotension

Phenotype Definition/criteria Clinical relevance References

Initial OH ≥40 mmHg SBP or ≥20 mmHg DBP fall within 
first 15 s, rapid recovery

Often transient; beat‑to‑beat BP 
monitoring required

11

Classical OH ≥20/10 mmHg fall within 3 min of standing Most common form in practice 9

Delayed OH BP fall occurs >3 min after standing May represent early/mild autonomic dysfunction 9,11

Delayed BP Recovery BP fall after standing, recovery >15 s Suggests impaired compensatory kinetics 9

Abbreviations: BP: Blood pressure; DBP: Diastolic blood pressure; OH: Orthostatic hypotension; SBP: Systolic blood pressure.

Figure 1. Overview of normal compensatory responses to standing and key pathophysiologic mechanisms, leading to orthostatic hypotension. The left 
panel illustrates the normal physiological response to standing, in which venous pooling triggers baroreceptor-mediated sympathetic activation, leading to 
increased heart rate and vasoconstriction that maintain blood pressure. Carotid baroreceptors play a central role in initiating compensatory reflexes. The 
right panel summarizes the principal mechanisms underlying orthostatic hypotension (OH). Neurogenic OH results from impaired baroreflex function or 
defective sympathetic vasoconstriction. Non-neurogenic OH arises from reduced intravascular volume or cardiac dysfunction. Drug-induced OH involves 
attenuation of sympathetic responses, vasodilation, or volume depletion, while age-related OH reflects decreased baroreflex sensitivity, arterial stiffness, 
and slowed sympathetic responses. Image created by the authors.
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venous tone limits pooling. Splanchnic venous 
capacitance is particularly critical in this regard.2

•	 Hormonal regulation: With prolonged standing, the 
renin–angiotensin–aldosterone system is activated. 
Angiotensin II is a potent vasoconstrictor; aldosterone 
promotes sodium retention to support intravascular 
volume. Vasopressin (ADH), released from the 
posterior pituitary, further contributes by promoting 
water retention.14

•	 Muscle pump: Rhythmic contractions of the calf 
muscles propel venous blood upward through the 
deep veins, thereby supporting venous return. This 
mechanism is absent during prolonged immobility in 
the upright position, increasing the risk of OH.14

3.2. Pathophysiological disturbances

The development of OH reflects inadequacy or impairment 
of the above compensatory mechanisms:
•	 Neurogenic OH: Results from autonomic nervous 

system dysfunction. Parkinson’s disease, MSA, 
pure autonomic failure, and diabetic neuropathy 
are among the most frequent causes. In this setting, 
norepinephrine release from sympathetic nerve 
terminals is reduced, leading to impaired vascular 
response and insufficient heart rate increase. 
Clinically, heart rate rises minimally (<10–15 bpm) 
on standing.16,17

•	 Non-neurogenic OH: Here, the nervous system is 
intact, but effective circulating volume is reduced. 
Conditions such as dehydration, blood loss, diuretic 
therapy, and advanced heart failure fall into this 
group; compensatory reflexes may remain intact, but 
the baseline reserve is inadequate.7

•	 Drug-induced OH: Antihypertensives (especially 
alpha-blockers, diuretics, nitrates), dopaminergic 
agents, and certain antidepressants may cause OH 
by suppressing sympathetic responses or inducing 
vasodilation.7 Polypharmacy, especially in older 
adults, further amplifies this effect.

•	 Age-related changes: With advancing age, baroreflex 
sensitivity diminishes, arterial stiffness increases, and 
sympathetic responses are slowed. In addition, venous 
valve incompetence and a tendency toward venous 
pooling become more prominent. These changes 
explain the higher prevalence of OH in elderly 
populations.2,18

•	 Supine hypertension paradox: Patients with 
neurogenic OH often exhibit concomitant supine 
hypertension. The paradox of high blood pressure 
while supine but marked hypotension on standing 
complicates diagnosis and therapeutic strategies.18

3.3. Special situations

•	 Postprandial hypotension: Following meals, 
splanchnic vasodilation and increased blood flow 
predispose especially elderly and autonomic failure 
patients to OH.

•	 Post-exercise hypotension: Abrupt cessation of activity 
eliminates the muscle pump, thereby exacerbating 
venous pooling.

•	 Delayed OH: Slow-onset blood pressure falls occurring 
after more than 3 min of standing are often an early 
sign of autonomic dysfunction.17

4. Clinical findings
The clinical presentation of OH spans a wide spectrum. 
The most common manifestations are symptoms 
of orthostatic intolerance: Dizziness on standing, 
lightheadedness, unsteadiness, blurred or blackened 
vision, tinnitus, headache, difficulty concentrating, fatigue, 
and presyncope.8,18,19 Symptoms typically develop within 
a few seconds to a few minutes and resolve rapidly on 
returning to the supine position.2,18,19

In more severe cases, syncope may occur, which is an 
important risk factor for falls and traumatic fractures, 
particularly in the elderly.2,6 OH may also cause acute 
slowing of cognitive function and confusion; in the long 
term, recurrent episodes have been associated with 
dementia and cognitive decline.6,20

The severity and onset of symptoms are closely related 
to provoking factors. Morning hours, postprandial periods 
(postprandial hypotension), hot environments, abrupt 
cessation of exercise, alcohol intake, and prolonged 
motionless standing are the principal triggers that 
exacerbate OH symptoms.2,18,21

In addition to symptoms, certain clinical clues are 
diagnostically informative. The heart rate response provides 
insight into the underlying mechanism: in neurogenic 
OH, despite a drop in blood pressure, the increase in 
heart rate is minimal (<10–15 bpm), whereas in OH due 
to volume loss or medications, compensatory tachycardia 
is more prominent.8,18,21 On physical examination in the 
orthostatic position, narrowing of pulse pressure, cool–
pale extremities, and unsteady gait may be observed.

A particularly common finding in neurogenic OH 
is concomitant supine hypertension. In this situation, 
patients exhibit hypertensive values while supine but 
develop marked hypotension on standing; this paradox 
complicates both the symptom profile and therapeutic 
strategies.10,19
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5. Diagnostic approach
If there is active clinical suspicion, the first step is the 
bedside active standing test: After at least 5 min of supine 
rest, the patient is brought to the standing position, and 
blood pressure and pulse are measured at the 1st  and 
3rd  min. A  fall of ≥20  mmHg SBP or ≥10  mmHg DBP 
constitutes the diagnostic criterion.8,15,21

If the bedside test is normal but clinical features persist, 
or if initial or delayed forms are suspected, beat-to-beat 
non-invasive blood pressure monitoring or tilt-table 
testing is recommended. Tilt testing is particularly used 
to provoke symptoms and findings and helps distinguish 
among different orthostatic forms.8,21,22

In individuals with hypertension, the diagnostic 
approach should be supplemented by home blood pressure 
monitoring or ambulatory blood pressure monitoring 
(ABPM), as orthostatic variability and patterns such as 
supine hypertension may only be captured at home or on 
ambulatory monitoring.8,23

The heart rate response is also an important clue 
during diagnostic evaluation: If the increase in heart rate 
accompanying the blood pressure fall is <10–15 beats/min, 
this favors neurogenic OH; larger increases suggest volume 
loss or non-neurogenic causes.8,21,23

In addition, the medication history (particularly 
diuretics, vasodilators, and antihypertensives) should 
be reviewed during clinical assessment; if drug effects 
contribute to orthostatic drops, dose adjustments may be 
required.21,23

Laboratory and basic tests may assist diagnosis: 
Complete blood count (anemia), electrolytes, renal 
function, glucose/HbA1c, and thyroid function.21 
If necessary, autonomic function testing (Valsalva 
maneuver, deep breathing test, quantitative sudomotor 
axon reflex test, heart rate variability tests) can further 
characterize autonomic dysfunction.21,22 A summary 
of diagnostic modalities, including bedside, tilt, 
ambulatory, and autonomic function testing, is provided 
in Table 2.

6. Cardiovascular effects
OH is not merely a cause of symptomatic intolerance; in 
prospective studies, it has shown significant correlations 
with cardiovascular events, heart failure, coronary disease, 
and all-cause mortality.5,10,24

In community-based cohort studies, the presence of 
OH has been associated with increased mortality. For 
instance, in the meta-analysis by Angelousi et al.,25 overall 
mortality was 36% higher among individuals with OH 
(HR ≈ 1.36). This finding suggests that OH may serve as a 
prognostic marker across diverse populations.

Regarding heart failure, some observational studies 
have reported a strong association between OH and the 
incidence of heart failure. Cross-sectional studies have 
identified OH as a risk factor predicting the development 
of heart.26 Moreover, increased risks of coronary artery 
disease and arrhythmia in association with OH have been 
observed in various cohort analyses.10,24

However, conflicting findings also exist in the literature. 
For example, a meta-analysis confirmed the association 
of OH with cardiovascular events but suggested that in 
subgroups receiving intensive blood pressure lowering, OH 
did not increase risk.5 Another study found no significant 
association between OH and cardiovascular events among 
individuals on intensive antihypertensive therapy.24

A recently published study presented separate analyses 
of cardiovascular events for initial (within the first 15 s) 
and sustained forms of OH in individuals aged ≥50 years. 
This study indicates that risk may differ according to the 
OH phenotype.27

In addition, links have been reported between OH and 
subclinical atherosclerosis: correlations have been found 
between the magnitude of postural blood pressure drop 
and carotid intima–media thickness and plaque burden.28 
This suggests that OH may reflect direct hemodynamic 
stress and endothelial dysfunction.

Taken together, the presence of OH, particularly 
when accompanied by advanced age, hypertension, 
and cardiovascular risk factors, has clinical importance 

Table 2. Diagnostic approach in orthostatic hypotension

Step/test Methodology Diagnostic value References

Active standing test BP and HR at first and third minute after standing First‑line, bedside, high specificity 8,14,20

Tilt‑table test Supine→60–70° tilt; continuous BP/HR monitoring Differentiates initial/delayed forms 8,20,21

Home/ABPM 24‑h or home BP monitoring Detects supine hypertension, postprandial OH 8,22

Autonomic function tests Valsalva, HR variability, QSART Confirms neurogenic OH 20,21

Abbreviations: ABPM: Ambulatory blood pressure monitoring; BP: Blood pressure; HR: Heart rate; OH: Orthostatic hypotension; QSART: Quantitative 
sudomotor axon reflex test.
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for long-term follow-up plans and risk stratification. 
Nevertheless, further prospective, controlled studies are 
needed to establish the independent prognostic effect of OH.

7. Treatment and management
The treatment of OH primarily aims to relieve symptoms, 
prevent falls, and enhance functional capacity rather than to 
normalize blood pressure values. Management begins with 
identification and correction of reversible factors. Drugs 
that may worsen OH, such as diuretics, vasodilators, alpha-
blockers, and nitrates, should be reduced, discontinued, 
or substituted when possible. Patients should be assessed 
for hypovolemia and underlying conditions such as heart 
failure, adrenal insufficiency, or gastrointestinal fluid loss, 
and these should be corrected before specific therapy 
is initiated.10,29 The stepwise therapeutic framework 
integrating lifestyle, pharmacologic, and special-case 
strategies is outlined in Table 3.

Lifestyle and non-pharmacological measures form 
the cornerstone of management and are recommended 
for all patients, either alone or in combination with 
medication. Adequate hydration (2–3  L/day) and liberal 
salt intake expand plasma volume, while rapid ingestion of 
300–500 mL of water can acutely increase blood pressure 
through the osmopressor reflex. Behavioral strategies 
such as rising slowly, pausing before standing fully, 
avoiding hot environments and postprandial standing, 
and performing physical counter-maneuvers (leg crossing, 
calf and quadriceps contractions) help mitigate symptoms. 
Abdominal compression garments reduce venous pooling 
more effectively than lower-extremity stockings, and 
elevating the head of the bed by 10–20  cm minimizes 
nocturnal hypertension. Moderate physical activity and 
resistance training support venous return and improve 
orthostatic tolerance.8,10,15,21

Pharmacological therapy is reserved for patients 
with persistent symptoms despite optimal non-drug 
measures. Treatment must be individualized according to 
the OH type, comorbidities, and the presence of supine 
hypertension. Fludrocortisone enhances sodium retention 
and intravascular volume but carries risks of fluid overload 

and heart failure. Midodrine, a selective alpha-1 agonist, 
effectively increases vascular tone and is widely used, 
particularly in neurogenic OH. Droxidopa, a norepinephrine 
precursor, augments sympathetic tone and is beneficial 
in peripheral sympathetic failure. Pyridostigmine, 
an acetylcholinesterase inhibitor, and atomoxetine, a 
norepinephrine reuptake inhibitor, may be useful adjuncts, 
with pyridostigmine offering symptom control without 
exacerbating supine hypertension.8,10,13,21,30-34 It should be 
noted that the availability of some pharmacologic agents 
discussed (e.g., droxidopa, ampreloxetine) may vary 
between countries, and therapeutic choices should be 
adapted according to local drug accessibility and regulatory 
approval.

Therapeutic strategies should begin with low doses and 
gradual titration. The coexistence of supine hypertension 
necessitates short-acting agents and avoidance of late-
day dosing. Combination therapy, such as midodrine 
plus fludrocortisone or adjunctive pyridostigmine, may 
enhance efficacy. Blood pressure should be monitored in 
both supine and upright positions, and side effects assessed 
regularly. In older adults or those with renal dysfunction, 
fluid and drug adjustments require particular caution.21,30

Special considerations include the management 
of patients with concomitant hypertension, in whom 
antihypertensive therapy should not be universally 
withdrawn but rather optimized through timing and 
agent selection. In inpatient or acute settings, careful 
fluid administration, gradual postural transitions, 
and supportive head-up positioning are essential. In 
neurogenic OH, treatment must balance symptomatic 
benefit with the risk of supine hypertension, guided by 
individualized assessment of autonomic dysfunction and 
medication burden.10,21,29,30 The principal pharmacologic 
options, including their mechanisms of action, common 
starting doses, adverse effects, and levels of evidence, are 
summarized in Table 4.

8. Future directions
In recent years, research in OH has accelerated along 
two lines: (i) more refined phenotyping and prognostic 

Table 3. Management of orthostatic hypotension

Level Interventions Key points References

Lifestyle & 
non‑pharmacological

↑ Fluid/salt, water bolus, slow rising, counter‑maneuvers, compression 
stockings, head‑up sleeping

First‑line, universal 8,10,20

Pharmacological Fludrocortisone, midodrine, droxidopa, pyridostigmine, atomoxetine Individualized; consider supine HTN 10,20,29‑33

Special cases OH+hypertension; inpatient management; elderly/frail patients Careful dose adjustment, 
avoid overtreatment

20,28,29

Abbreviation: OH: Orthostatic hypotension.
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modeling, and (ii) novel/improved pharmacological and 
device-based therapies. The line of evidence with direct 
impact on clinical practice has been a shift toward more 
precise characterization and more personalized therapeutic 
strategies through the systematic use of delayed/initial 
forms, heart rate response-based distinctions, and home/
ambulatory monitoring.8,15

•	 Regarding prognostic updates: Throughout the 2020s, 
evidence has strengthened that classical and delayed 
OH are long-term risk markers: Major reviews and 
guidelines emphasize that delayed OH may represent 
an early/mild phenotype of autonomic dysfunction and 
may be associated with increased long-term mortality.10,15 
In addition, in an elderly cohort with coronary artery 
disease, OH was associated with a significant increase 
in cardiovascular mortality risk, supporting the notion 
that these phenotypes point not only to symptoms but 
also to hard outcomes.35 Nonetheless, recent analyses 
indicating that OH does not necessarily increase event 
risk in the context of intensive antihypertensive therapy 
suggest that aggressive blood pressure control may be 
safe in appropriately selected patients.5

•	 New evidence and combinations in therapy: From 2023 
to 2025, combination approaches have come to the 
fore: the combination of pyridostigmine + midodrine 
has shown additive benefit in orthostatic blood 
pressure reduction compared to monotherapies.32 
Comparative data between midodrine and droxidopa 
are accumulating; recent syntheses report that 
midodrine more robustly increases upright SBP but 
carries a higher risk of supine hypertension, whereas 
droxidopa appears more neutral in this regard.31 On 
the other hand, safety signals regarding midodrine in 
heart failure with reduced ejection fraction (HfrEF, 
associations with more hospitalizations and mortality) 
have been published, necessitating more cautious use 
in patients with concomitant heart failure.36

•	 Norepinephrine transporter (NET) inhibitors and new 
molecules: In a recent double-blind, randomized crossover 
study, atomoxetine did not demonstrate superiority over 
placebo, limiting the translation of previous encouraging 
acute effects into routine practice.33,34 By contrast, Phase 
3 programs for ampreloxetine, a long-acting NET 
inhibitor, in neurogenic OH associated with MSA are 
ongoing; analyses reported between 2023 and 2025 
indicate improvements in composite OH symptom 
scores, while final efficacy/safety conclusions await 
completion of ongoing trials.37

•	 Device-based/technological solutions: The 
hemodynamic efficacy of abdominal compression 
had been demonstrated in earlier randomized data; 
in 2024–2025, usability and safety-focused studies of 
inflatable abdominal binder designs were published. 
These platforms open a new area in terms of daily 
wearability and tailoring the effective pressure level 
to the patient.38-40 In addition, home/ambulatory 
and beat-to-beat monitoring technologies facilitate 
routine detection of phenotypes such as initial OH 
and delayed recovery, accelerating the transition to 
the era of “digital phenotyping”; a 2024 American 
Heart Association statement supports the integration 
of these monitors into decision-making, particularly 
in hypertensive adults.8

•	 Personalization and targeted therapy in the near 
future: The forthcoming focus will be on developing 
“risk–benefit balanced” strategies that account for 
phenotype (neurogenic vs. non-neurogenic; initial/
classical/delayed), coexisting supine hypertension, and 
comorbidities (especially HFrEF). Positioning NET 
inhibitors in selected subgroups (e.g., MSA), testing 
device–drug combinations (e.g., short-acting midodrine 
+ personalized abdominal compression), and adequately 
powered prospective studies on long-term outcomes 
(falls, fractures, cardiovascular events, cognition) 
represent the greatest unmet needs in the field.8,31,32,35-41

Table 4. Pharmacologic management of orthostatic hypotension

Agent Mechanism of action Common starting dose Major side effects Level of evidence References

Midodrine α₁‑adrenergic agonist→increases 
vascular tone

2.5–10 mg orally, 
2–3×/day

Supine hypertension, 
piloerection, scalp tingling

High 8,10,20,29

Fludrocortisone Mineralocorticoid→sodium and water 
retention→expands plasma volume

0.05–0.2 mg/day Edema, hypokalemia, 
heart failure exacerbation

Moderate 10,20,29

Droxidopa Synthetic NE precursor→augments 
sympathetic tone

100–600 mg 3×/day Headache, hypertension High 8,10,12,30

Pyridostigmine Acetylcholinesterase inhibition→enhances 
ganglionic transmission

30–60 mg 2–3×/day GI upset, muscle cramps Moderate 10,20,31,32

Atomoxetine NE reuptake inhibition→increases 
sympathetic outflow

18–40 mg/day Insomnia, tachycardia, 
anxiety

Low–moderate 32,33

Abbreviations: GI: Gastrointestinal; NE: Norepinephrine.
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Future research priorities should focus on addressing 
several unresolved questions regarding OH, particularly 
the delayed subtype. Delayed OH appears to represent an 
early or partial form of autonomic failure, yet its natural 
history, clinical trajectory, and potential reversibility 
remain poorly characterized. Longitudinal studies using 
continuous or ambulatory blood pressure monitoring 
could clarify whether delayed OH consistently progresses to 
classical OH and whether early lifestyle or pharmacological 
intervention can modify this course.14

Biomarker development is another unmet need. 
Although indices such as heart rate variability, plasma 
norepinephrine levels, and endothelial stress markers 
(e.g., EASIX, inflammatory ratios) have shown promise, 
none have yet been validated for routine clinical use. Future 
work should aim to establish reproducible, phenotype-
specific biomarkers to distinguish neurogenic from 
non-neurogenic forms and to predict symptom burden, 
cardiovascular risk, and treatment response. Integration 
of digital phenotyping and machine learning-based 
autonomic profiling could further improve predictive 
accuracy.42

Targeted management strategies should be explored 
in patient subgroups with particularly high unmet needs, 
such as those with co-existing supine hypertension, 
neurodegenerative disorders, or frailty. These populations 
are often excluded from clinical trials but face the 
greatest risk of adverse outcomes and therapeutic 
complications. Pragmatic, phenotype-driven studies 
assessing individualized dosing schedules, device-based 
compression technologies, and novel sympathomimetic 
or neuroprotective agents could help refine management 
algorithms.10,15

In summary, the future direction of OH research should 
move toward longitudinal characterization, biomarker-
driven diagnosis, and precision-based therapy, with a focus 
on vulnerable subgroups and real-world applicability.

9. Conclusion
OH represents a systemic disorder rather than a simple 
postural fall in blood pressure. Its growing prevalence 
with aging and its impact on quality of life, morbidity, 
and cardiovascular outcomes highlight the need for 
structured screening and individualized management. 
Accurate diagnosis relies on standardized measurements, 
particularly the active standing test and, when necessary, 
tilt-table or beat-to-beat monitoring. Recognition of 
distinct phenotypes, including initial, classical, delayed, 
and delayed recovery, is essential, as each carries different 
prognostic and therapeutic implications.

Pathophysiologically, OH results from disturbances 
in autonomic, vascular, and hormonal mechanisms that 
maintain upright perfusion. The coexistence of supine 
hypertension, especially in neurogenic OH, remains 
a major therapeutic challenge. In practice, symptom-
oriented treatment aimed at improving postural tolerance 
is prioritized over strict normalization of blood pressure. 
Non-pharmacological strategies, fluid and salt optimization, 
behavioral adjustments, compression therapy, and head-up 
sleeping form the foundation of care. Pharmacological options, 
including midodrine, droxidopa, and fludrocortisone, should 
be selected and titrated cautiously, considering comorbidities 
and the risk of supine hypertension. Adjunctive use of 
pyridostigmine or atomoxetine may provide additional 
benefit in selected patients.

Future management should advance toward phenotype-
specific and personalized approaches that integrate home 
or ambulatory monitoring, wearable compression systems, 
and digital phenotyping. Standardized diagnostic criteria, 
long-term outcome studies, and pragmatic clinical trials 
targeting falls, fractures, cardiovascular events, and 
cognition are critical next steps. Early recognition and 
evidence-based, individualized therapy remain key to 
improving functional outcomes and reducing the overall 
burden of OH.
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