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Review

Diagnosis and treatment of orthostatic hypotension

Wouter Wieling, Horacio Kaufmann, Victoria E Claydon, Veera K van Wijnen, Mark P M Harms, Stephen P Juraschek, Roland D Thijs

Orthostatic hypotension is an unusually large decrease in blood pressure on standing that increases the risk of
adverse outcomes even when asymptomatic. Improvements in haemodynamic profiling with continuous blood
pressure measurements have uncovered four major subtypes: initial orthostatic hypotension, delayed blood pressure
recovery, classic orthostatic hypotension, and delayed orthostatic hypotension. Clinical presentations are varied and
range from cognitive slowing with hypotensive unawareness or unexplained falls to classic presyncope and syncope.
Establishing whether symptoms are due to orthostatic hypotension requires careful history taking, a thorough
physical examination, and supine and upright blood pressure measurements. Management and prognosis vary
according to the underlying cause, with the main distinction being whether orthostatic hypotension is neurogenic or
non-neurogenic. Neurogenic orthostatic hypotension might be the earliest clinical manifestation of Parkinson’s
disease or related synucleinopathies, and often coincides with supine hypertension. The emerging variety of clinical
presentations advocates a stepwise, individualised, and primarily non-pharmacological approach to the management
of orthostatic hypotension. Such an approach could include the cessation of blood pressure lowering drugs, adoption
of lifestyle measures (eg, counterpressure manoeuvres), and treatment with pharmacological agents in selected cases.

Introduction

An unusually large decrease in blood pressure on
standing (orthostatic hypotension) is a physical sign and
a final common pathway of various conditions that affect
blood pressure homoeostasis. Orthostatic hypotension is
very common and increases with age, affecting about one
in five community-dwelling adults older than 60 years
and one in four people in long-term care.! Up to a quarter
of patients presenting with unexplained syncope and
severe orthostatic intolerance have orthostatic hypoten-
sion.” Orthostatic hypotension negatively affects quality
oflife, can lead to traumatic falls, shortens life expectancy,
and increases the risk of various, predominantly cardio-
vascular, conditions.”*

Standing blood pressure can often be increased
sufficiently to improve orthostatic tolerance by removing
or reducing factors that trigger or exacerbate orthostatic
hypotension, such as hypovolaemia and medications, or by
preventing physical deconditioning. Chronic orthostatic
hypotension can be a feature of neurological disorders that
affect the baroreflex and cause impaired vasoconstriction
during standing; in such contexts, the condition is
termed neurogenic orthostatic hypotension. Neurogenic
orthostatic hypotension is most frequently encountered in
patients with neurodegenerative disorders that involve
intracellular accumulation of misfolded o-synuclein in
nerve tissue (ie, synucleinopathies), spinal cord injuries, or
small fibre neuropathies caused by diabetes, amyloidosis,
toxic agents, autoimmune diseases, or paraneoplastic
diseases.**™ Orthostatic hypotension with non-neurogenic
causes (eg, hypovolemia, polypharmacy, heart failure,
arrthythmias, or advanced valvular disease) is more
frequent in the general population,” but can coexist with
and aggravate neurogenic orthostatic hypotension.”

The increased use of advanced haemodynamic profiling
with continuous blood pressure measurements has
uncovered four major subtypes of impaired orthostatic
blood pressure regulation (initial orthostatic hypotension,
delayed Dblood pressure recovery, classic orthostatic
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hypotension, and delayed orthostatic hypotension) and has
aided clinical recognition of the varied presentation of
orthostatic hypotension.”® Evidence for the prognostic
implications of the emerging orthostatic hypotension
subgroups is increasing.*” Neurogenic orthostatic hypo-
tension might represent the earliest clinical manifestation
of Parkinson’s disease or related synucleinopathies, which
is of particular interest as it could be used as a biomarker
to assess the effects of future disease-modifying therapies.*
In this Review, we critically review the key physiological
changes induced by standing, the main clinical features of
the four subtypes of orthostatic hypotension, and the
implications of these four subtypes for ancillary testing,
long-term prognosis, and treatment; we also present the
latest insights into a stepwise diagnostic and individualised
management approach.

Clinical presentation and classification of
orthostatic hypotension
Orthostatic hypotension occurs because of an inability to
maintain normotension against the effects of gravity on
cardiovascular haemodynamics in the upright posture
(figure 1). Orthostatic hypotension typically occurs when
the compensatory responses are insufficient or
overwhelmed, often due to failure of the arterial baroreflex.
The resultant orthostatic hypotension can present in
various ways: as an asymptomatic measurement result,
based on orthostatic vital signs;** with orthostatic sym-
ptoms (eg, lightheadedness or dizziness) that are relieved
upon assumption of a supine posture;*” with orthostatic
signs (cognitive slowing) without symptoms (ie, hypo-
tensive unawareness);” " as recurrent unexplained falls;***
or with overt loss of consciousness (syncope).”” The
clinical presentation of orthostatic hypotension can include
more than one symptom, and transitioning between
symptoms is possible depending on the underlying cause
or aggravating factors. Notably, patients might be vague
about symptoms, might refer only to fatigue, cognitive
impairment, leg weakness, or gait impairment, or might
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Figure 1: Steady-state circulatory adjustments to the upright posture

Orthostatic stress results in a shift of blood from the chest to the distensible venous capacitance system below the
diaphragm. This venous pooling rapidly reduces central blood volume, and this reduction is compounded by increased
capillary filtration of plasma secondary to the increased hydrostatic pressure in the legs. The reduction in central blood
volume decreases cardiac filling and stroke volume (the volume pumped by each heartbeat). In healthy individuals,
heart rate increases on standing, but not enough to compensate for the reduction in stroke volume, and so cardiac
output (the product of stroke volume and heart rate) decreases. The key circulatory adjustments to the upright
posture (large arrow) are arterial baroreflex-mediated constriction of arterioles and splanchnic venous capacitance
vessels, with a subsequent increase in systemic vascular resistance that compensates for the decrease in cardiac
output, therefore maintaining normotension (mean arterial pressure=cardiac output x systemic vascular resistance).
This response is augmented by increased skeletal and abdominal muscle tone, which increases venous return through
the skeletal muscle pump. In healthy individuals, mean blood pressure changes little, systolic blood pressure decreases
only slightly, if at all, and diastolic blood pressure increases. Humoral activation, particularly increases in plasma renin
activity and vasopressin release, also supports the circulation during standing for long durations. Cerebral
autoregulation helps to maintain cerebral blood flow over various perfusion pressures. CBV=central blood volume.
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report no symptoms at all.*”#%* Figure 2 shows the
four major subtypes of orthostatic hypotension that have
been defined on the basis of the magnitude and timing of
the blood pressure response to standing.”"*%

Diagnostic investigations of suspected
orthostatic hypotension

Medical history taking

Medical history taking is crucial for evaluating patients
with orthostatic symptoms and distinguishing orthostatic
hypotension from other conditions that cause orthostatic
intolerance, particularly vasovagal syncope and postural
tachycardia syndrome.** Symptoms and signs of auto-
nomic activation (eg, sweating and palpitations) could
indicate postural tachycardia syndrome and vasovagal
syncope, and the presence of emotional or pain triggers
could indicate vasovagal syncope.” A history of recurrent
and transient orthostatic intolerance occurring
immediately upon standing (typically within around
five steps after standing up and walking) is highly specific
for initial orthostatic hypotension.*** Classic orthostatic
hypotension can provoke less immediate and more
protracted symptoms than initial orthostatic hypotension
owing to prolonged hypoperfusion of the brain, including

the retina; such hypoperfusion can cause lightheadedness,
blurry dimmed vision, muffled hearing, cognitive
slowing, and eventually syncope (ie, transient loss of
consciousness due to global cerebral hypoperfusion).*”*
Occasionally, transient ischaemic attacks can occur if the
cerebral hypoperfusion is regional. Classic orthostatic
hypotension, particularly if neurogenic, can also manifest
with hypoperfusion of the shoulder and neck muscles
(causing so-called coat hanger pain), the lungs (causing
dyspnea due to ventilation—perfusion mismatch secon-
dary to hypoperfusion of the lung apices), and rarely the
myocardium (causing chest pain even with patent
coronary arteries).”” These symptoms occur when the
individual is standing or even sitting, but not when
supine, and are persistent and recurrent. Orthostatic
intolerance is typically more pronounced in the morning
after overnight natriuresis, when the patient is plasma-
volume-depleted, after cessation of exercise, after food or
alcohol intake, when the ambient temperature is high,
when the patient is standing after prolonged recumbency,
and with physical deconditioning.*”* The frequency,
severity, and type of orthostatic intolerance does not seem
to differ between patients with classic and delayed
orthostatic hypotension.>*"*

Orthostatic symptoms in neurogenic orthostatic
hypotension correlate with the lowest blood pressure
while standing rather than with the magnitude of the
decrease in blood pressure.* However, despite very low
blood pressure while standing, up to half of all patients
with neurogenic orthostatic hypotension do not report
symptoms,” although witnesses might observe slowing of
cognition when the patient is standing.” This hypotensive
unawareness could partly explain the increased risk of
falls in patients with neurogenic orthostatic hypotension
compared with people of a similar age without orthostatic
hypotension, as the patient might not take preventive
measures and might not recall the loss of consciousness
that caused the fall.® Hypotensive unawareness is
particularly common in patients with neurogenic
orthostatic hypotension caused by a CNS synucleinopathy
(ie, multiple system atrophy, Parkinson’s disease, or Lewy
body dementia).®* Neuropsychological tests while the
patient is upright yield poorer cognitive performance than
tests while supine or sitting in patients with neurogenic
orthostatic hypotension due to Parkinson’s disease* and
peripheral autonomic disorders.” The association between
cognitive impairment and orthostatic hypotension seems
to be related to the extent of the hypotension, as shown by
a post-hoc analysis of two randomised controlled trials of
the cholinesterase inhibitor rivastigmine in patients with
Parkinson’s disease dementia.”* These analyses revealed
that patients with orthostatic hypotension whose blood
pressure increased after treatment had a larger cognitive
benefit than patients whose blood pressure did not
increase, suggesting that the clinical benefit is explained
by an antihypotensive effect rather than an anticholinergic
effect.”
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History taking should always include a full review of
medications for unwanted cardiovascular effects and

comorbidities associated with orthostatic hypotension.
Special attention should be paid to the possibility that the Normal recovery
presence of orthostatic hypotension is a sign of a more
widespread neurological disorder that also affects the
control of other organs. The initial evaluation
should therefore extend to other autonomic symptoms
(eg, constipation, erectile dysfunction, and bladder prob-
lems) and include a thorough neurological examination to
look for signs of cognitive decline, parkinsonism, ataxia,
or peripheral neuropathy.” At least a quarter of all patients
with pure autonomic failure are eventually diagnosed with
a CNS synucleinopathy.®” Clinical features that suggest

an increased risk for such a diagnosis include severe /
bladder problems, constipation, subtle motor deficits, and
dream enactment behaviour (panel).**

Initial orthostatic hypotension

>40 mm Hg

!

Active bedside standing test
The bedside standing test examines basic physiology and

is essential to diagnose and classify orthostatic € >
hypotension.?** Blood pressure measurements with an j 1
automated oscillometric device or an upper-arm cuff and 0 15 30 45 60

stethoscope are appropriate in ambulatory settings. For
convenience, sitting-to-standing (rather than lying-to-
standing) measurements are often used for the initial /
evaluation of orthostatic hypotension at the expense of a 1 o
lower sensitivity.** Accurate measurement with the arm . g'
cuff at heart-level while the patient is supine and standing I
is required in research protocols. An upright measurement ;
with the arm vertical and parallel to the body will suffice in
daily practice. Lying-to-standing measurements are more
likely to detect orthostatic hypotension than sitting-to- : 30
standing measurements, but can be challenging in older 15 30 45 60
patients or patients with balance or musculoskeletal
Classic orthostatic hypotension

problems.®

Screening for supine hypertension (ie, systolic blood /
pressure =140 mm Hg, diastolic blood pressure :
290 mm Hg, or both) is important,* as it could affect
management strategies, particularly in neurogenic IEZO mm Hg
orthostatic hypotension.*** For patients with spinal cord
injury or extreme frailty who cannot perform a standing
test, a passive seated orthostatic stress test is an ;
alternative.” For orthostatic blood pressure measure- 180 7/
ments, a duration of 5 min of supine rest is adequate. This T T 5 5 7/ 1
period is sufficient for blood pressure stabilisation and

Delayed blood pressure recovery

<20 mm Hg

A
Yool

T
0

A
v

Delayed orthostatic hypotension

Figure 2: Four major subtypes of orthostatic hypotension / :
Schematics of continuous blood pressure curves showing normal recovery :
and the diagnostic criteria for initial orthostatic hypotension,” delayed
blood pressure recovery,” classic orthostatic hypotension,” and delayed
orthostatic hypotension.” Because around 95% of patients with orthostatic
intolerance and unexplained syncope can be identified as having orthostatic
hypotension by systolic blood pressure criteria alone,” we display only the
systolic blood pressure criteria. Individual blood pressure tracings were
revised from ref 27. Note that a reduction in systolic blood pressure of

=30 mm Hg is commonly used to define classic orthostatic hypotension in
patients who have supine hypertension.®*#

I>20 mm Hg

180 =180

A
v
A
v

Time (s)
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Panel: Case study

A 58-year-old woman presented with an 8-year history of lightheadedness when
standing still or after climbing stairs, which was relieved by sitting or lying down.

She reported heat intolerance and urinary retention with occasional incontinence
(beginning 6 years previously, managed with intermittent self-catheterisation). She had
dream enactment behaviour that had been witnessed, and had a mild broad-based gait.
Her medical history was otherwise unremarkable and she was not taking any medication.
Her neurological examination was normal. A cardiac evaluation revealed mild
chronotropic incompetence but no structural abnormalities. A tilt-table test reproduced
her typical symptoms within 3 min, coinciding with a progressive decrease in systolic
blood pressure (from 159/112 mm Hg supine to 85/71 mm Hg tilted) but only a mild
increase in heart rate (from 62 beats per min supine to 75 bpm tilted), giving a ratio of
A(heart rate)/A(systolic blood pressure) of 0-2 beats per min/mm Hg. The severe
orthostatic hypotension and mild increase in heart rate, combined with reduced heart-
rate variability during deep breathing and absence of a blood pressure overshoot during
the Valsalva manoeuvre, confirmed neurogenic orthostatic hypotension. Combined
neurogenic orthostatic hypotension, dream enactment behaviour, and underactive
bladder supported the diagnosis of possible prodromal multiple system atrophy, despite
the absence of laryngeal stridor, apnoea, overt parkinsonism, hyper-reflexia, or brain MRI
abnormalities. An interactive session identified leg-crossing and tensing of the abdominal
and gluteal muscles as highly effective counter-manoeuvres, which the patient
successfully applied to reduce symptoms. Additionally, she used bolus water drinking
(500 mL) in advance of triggering events (eg, standing during social events) and taught
herself to stand up gradually. She raised the head of her bed 20° to reduce supine
hypertension and improve orthostatic hypotension. Over time, her lightheadedness
worsened, and treatment with fludrocortisone (0-05 mg/day) and midodrine (5 mg three
times a day) was started. Although fludrocortisone was kept at a stable dose, she was
allowed to use midodrine as needed, as her symptoms varied: mild symptoms during
winter while at home, but severe symptoms on hot summer days or when she was more
physically active. At age 61 years she developed gait and limb ataxia and was diagnosed
with multiple system atrophy of the cerebellar type.

enables evaluation of the presence of supine hypertension,
yet is short enough to prevent the undesired enhancement
of the initial, transient blood pressure decrease upon
standing that is often seen after protracted supine rest.”

We advise three oscillometric blood pressure measure-
ments, 1 min, 2 min, and 3 min after standing. The exact
timing of measurements can vary when oscillometric
devices are used, but this variation is acceptable when
screening for classic orthostatic hypotension. Delayed
blood pressure recovery can be assessed with an additional
oscillometric measurement after 30 s of standing.” Initial
orthostatic hypotension occurs too soon after standing to
be detected by conventional blood pressure measurements;
instead, continuous beat-to-beat blood pressure monitoring
would be required.” However, such assessment is seldom
needed, because initial orthostatic hypotension can often
Dbe established on the basis of history alone."***#

We propose a stepwise diagnostic approach for patients
with symptoms that could relate to orthostatic hypo-
tension (ie, orthostatic intolerance, syncope, falls, or
transient loss of consciousness), starting with a detailed
history, physical examination, and a bedside standing test
(figure 3). When the decreases in blood pressure and the
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symptoms are reproduced during bedside testing, the
diagnosis of symptomatic orthostatic hypotension can be
confirmed.”? If an abnormal decrease in blood pressure
occurs with no symptoms during testing, a diagnosis of
symptomatic orthostatic hypotension is likely if the
history is suggestive,” particularly in patients with neuro-
degenerative conditions that are associated with
hypotensive unawareness.** However, alternative causes
of orthostatic intolerance, syncope, transient loss of cons-
ciousness, and falls should be considered if orthostatic
hypotension is observed during testing but the presenting
symptoms are less consistent with this condition.

In patients who present without transient loss of
consciousness or with falls without orthostatic intolerance,
and in older patients (>60 years) who are frail and have
comorbidities, it is crucial that the reported circumstances
of the presenting symptoms correspond to triggers for
orthostatic hypotension, and that red flags of cardiac
syncope are excluded.” Of note, a normal blood pressure
response without symptoms during bedside testing cannot
rule out the possibility of orthostatic hypotension. If
bedside screening does not show orthostatic hypotension
despite typical symptoms, repeated measurements after
meals or exercise and at different times, or ambulatory
blood pressure monitoring with a diary of activities, can be
useful. Ambulatory blood pressure monitoring can provide
information on how often blood pressure decreases and
how low it becomes in daily life, document postprandial
hypotension, and establish whether nocturnal hyper-
tension is present. Such monitoring can also document
other triggers for hypotension, such as specific physical
activities.” Self-measurements of blood pressure during
symptoms might also be insightful#** If a patient reports
symptoms that persist during and after repeated blood
pressure measurements with normal values, orthostatic
hypotension can be excluded as a possible cause and
other diagnoses (eg, inebriation syndrome) should be
considered.” However, orthostatic hypotension is still
possible if the patient reports transient symptoms
during bedside screening. Intermittent blood pressure
measurements might not capture mild and transient
decreases in orthostatic blood pressure, which are as
frequent as classic orthostatic hypotension in Parkinson’s
disease and can also cause orthostatic intolerance and
syncope.” A standing test with continuous blood pressure
recordings can be helpful if a diagnosis cannot be
established on the basis of history alone.""

Identifying the probable mechanism (neurogenic or
non-neurogenic) while considering all clinical features
(ie, symptoms and signs of neurological conditions that
can present with orthostatic hypotension, comorbidities,
and medication use) is important for all patients
with orthostatic hypotension, whether symptomatic or
not. A 2020 study showed the additional value of
bedside testing to distinguish between neurogenic and
non-neurogenic orthostatic hypotension.” A diminished
increase in heart rate despite a decrease in blood pressure

www.thelancet.com/neurology Vol 21 August 2022
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(ie, Afheart rate]/A[systolic blood pressure] <0- 5 beats per
min/mm Hg) makes a neurogenic cause very likely.”**
This distinction is valid only for patients without
conditions (eg, atrial fibrillation) or medications
(eg, B-blockers) that affect heart rate control.*

Autonomic function testing

For complex cases—particularly those in patients with
considerable comorbidities, other autonomic symptoms,
or conflicting results (eg, orthostatic hypotension without
orthostatic intolerance)—referral to a centre with
expertise in autonomic testing should be considered. Tilt
table testing is particularly useful for the detection of
delayed orthostatic hypotension, but can also identify
conditions that mimic orthostatic hypotension, including
reflex syncope or psychogenic pseudosyncope, whereas
an active standing test with beat-to-beat blood pressure
measurements can help to identify initial orthostatic
hypotension.*” Other autonomic tests (eg, the Valsalva
manoeuvre, deep breathing, and measurements of
plasma norepinephrine concentration) also help to
separate neurogenic from non-neurogenic causes of
orthostatic hypotension and differentiate between sym-
pathetic or parasympathetic baroreflex dysfunction.*”*
However, when neurogenic orthostatic hypotension is
present, cardiovascular autonomic testing seems to be of
limited value in differentiating between the parkinsonian
form of multiple system atrophy and Parkinson’s
disease.” Assessing supine norepinephrine concent-
rations could be valuable to predict conversion in pure
autonomic failure: patients who convert to multiple
system atrophy have higher supine norepinephrine
concentrations than patients who convert to Parkinson’s

Figure 3: Proposed flowchart for diagnostic investigation

We propose that diagnosis is based on clinical presentation and

whether orthostatic hypotension is reproduced during bedside testing,

and if so, whether it is associated with symptoms.** If a patient presents

with symptoms that could relate to orthostatic hypotension, a detailed

medical history and physical examination should be taken: to establish the
circumstances of the events; to identify accompanying symptoms of autonomic
failure or signs of neurological conditions that can present with orthostatic
hypotension; to identify comorbidities associated with orthostatic hypotension;
and to identify any drugs that might induce orthostatic hypotension. If the
medical history supports possible orthostatic hypotension, a bedside active
standing test should be done. If this test identifies orthostatic hypotension and
the patient has their typical symptoms, a definitive diagnosis of symptomatic
orthostatic hypotension can be made. If the standing test reveals orthostatic
hypotension but the patient is asymptomatic on that occasion, the diagnosis is
still likely to be orthostatic hypotension, particularly in patients with
neurodegenerative conditions associated with hypotensive unawareness. If
orthostatic hypotension is found but the presenting symptoms are not entirely
consistent with orthostatic hypotension, alternative causes of orthostatic
intolerance, syncope, transient loss of consciousness, and falls should be
considered. If bedside screening does not show orthostatic hypotension despite
atypical presentation, repeated measurements after meals or exercise and at
different times of day, or ambulatory blood pressure monitoring, could be
useful. If the clinical evaluation is inconclusive, referral to a specialised centre
could be considered.” For all patients with orthostatic hypotension, it is
important to identify the probable mechanism (neurogenic or non-neurogenic)®
and to consider autonomic function testing.**%

www.thelancet.com/neurology Vol 21 August 2022
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disease or Lewy body dementia.”” A 2021 cohort study
showed that the presence of a-synuclein markers in the
CSF can predict the conversion of pure autonomic failure
to Parkinson’s disease, Lewy body dementia, or multiple
system atrophy at an early stage.*

Prognosis of orthostatic hypotension
Observational evidence linking the four orthostatic
hypotension patterns with adverse events varies. Initial
orthostatic hypotension is under-reported in epidemio-
logical studies evaluating the initial blood pressure
response to standing, due to its requirement for specialised
equipment for measurement; however, at least one large
cohort study established that delayed blood pressure
recovery, but not initial orthostatic hypotension, was
associated with future falls. Delayed orthostatic hypo-
tension is also less commonly studied in the literature
than classic orthostatic hypotension, but has been associ-
ated with progression to classic orthostatic hypotension,
the development of synucleopathies, and a higher risk of
premature death.” Substantially more evidence comes
from population-based studies on classic orthostatic hypo-
tension and delayed blood pressure recovery patterns
measured with traditional upper arm sphygmomano-
meters. Multiple large, prospective cohort studies of com-
munity-dwelling adults have shown that both delayed
blood pressure recovery and classic orthostatic hypotension
are associated with future risk of adverse health outcomes,
including frailty,”** falls,***#5%¢ fractures,*** syncope,”
cognitive decline and dementia,"** depression,”
stroke,*¢*%% cardiovascular disease,*** and early death.***
One study showed that early orthostatic hypotension
(applying classic orthostatic hypotension criteria within
1 min of standing) was more strongly related to individual
long-term risks than later orthostatic hypotension
(applying criteria in the 1-3 min range).” A topic of active
study is whether orthostatic hypotension, through hypo-
perfusion of the heart and brain, causes many of these
outcomes or is merely a marker of frailty, or, in the case of
neurogenic orthostatic hypotension, a marker of more
widespread neurodegeneration.””*” Whether orthostatic
hypotension treatments can help to improve prognosis has
not been studied. However, recognising the frequent
comorbidities among people with orthostatic hypotension
that might also augment their risk of adverse cardio-
vascular outcomes, especially diabetes and hypertension,
is important. Strategies targeting a reduction in orthostatic
hypotension should therefore be used with care to avoid
exacerbating these comorbid conditions.

Neurogenic orthostatic hypotension has serious long-
term implications. The 10-year mortality rate is 64% for
patients with classic orthostatic hypotension and 50% for
those with delayed orthostatic hypotension that pro-
gressed to classic orthostatic hypotension.” In patients
with delayed orthostatic hypotension that did not convert
to classic orthostatic hypotension, mortality rates were
similar to those of the general population of that

age (7-9%).” In patients with CNS synucleinopathies, the
presence of mneurogenic orthostatic hypotension is
associated with shorter survival.” Neurogenic orthostatic
hypotension has been associated with end-organ damage,
including renal failure, left ventricular hypertrophy, and
cerebrovascular disease.”* Most of these studies, however,
did not account for the presence of supine hypertension
as a potential confounder.® This omission is important
because supine hypertension is common in patients with
neurogenic orthostatic hypotension and is independently
associated with target organ damage and worse survival,®
therefore emphasising the need for strategies that can
treat neurogenic orthostatic hypotension without aggra-
vating supine hypertension. Another potential confounder
that affects adverse outcomes in neurogenic orthostatic
hypotension is pharmacological treatments. A 2021 cohort
study in 129 patients with multiple system atrophy
challenged the safety of fludrocortisone and midodrine to
treat orthostatic hypotension, as these drugs increased the
risk of sudden death.” Although this association might be
explained by more severe autonomic dysfunction in
patients receiving orthostatic hypotension treatment, the
association between these treatments and mortality
remained significant when accounting for markers of
autonomic dysfunction (eg, blood pressure variability)
and measures of disease severity.”

Non-pharmacological management of
orthostatic hypotension

Non-pharmacological treatments are the foundation of
orthostatic hypotension management, because pharma-
cological interventions do not restore normal baroreflex
control and therefore do not offer tailored posture-depen-
dent correction of blood pressure. Instead, pharmaco-
logical interventions increase blood pressure independent
of posture, frequently provoking or aggravating supine
hypertension. Lifestyle measures are therefore strongly
recommended as they can avoid or reduce hypotensive
episodes without inducing long-term hypertension.
There are few high-quality prospective trials on the non-
pharmacological management of orthostatic hypo-
tension.”* Clinical trials usually assess a single approach
across all participants, whereas in clinical practice,
approaches tailored to the individual patient are
recommended.®* Tailored approaches are particularly
pertinent for orthostatic hypotension, which is a hetero-
geneous condition that requires personalised manage-
ment. The effective, immediate, and marked circulatory
responses in patients who are highly symptomatic
enables these interventions to be evaluated with the
individual patient as their own control (a n-of-1 trial
design).®® We therefore advocate for an individual
approach. The order of the non-pharmacological
measures proposed here is based on evidence of efficacy
in the literature, ease of adoption, risk-benefit ratio for
each recommendation, and patient compliance and
tolerability. Factors specific to individual patients favour
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particular approaches to improving symptoms and daily
function. Such improvement might require a combination
approach, although much benefit can be gained from
each non-pharmacological approach independently.”

Education and counselling

Treatment goals should prioritise improvements in the
patient’s symptoms and ability to complete activities of
daily living rather than targeting a specific blood pressure.
Simple descriptions of the underlying physiology of
orthostatic hypotension—accompanied, if available, by
leaflets, videos, and online resources (eg, Syncopedia)—
can help patients, partners, and family members to
understand and manage the condition.®* Counselling
should encourage the early recognition of warning
symptoms and avoidance of triggering events, such as
standing for long periods, standing still after exercise,
straining, eating large, carbohydrate-rich meals, drinking
alcohol, and being in warm environments (including hot
showers and saunas). Easy-to-apply lifestyle measures
should be promoted, including minimising orthostatic
stress in provoking situations (eg, sitting rather than
standing) or slower changes of posture (eg, sitting on the
edge of the bed before standing up) to counteract the initial
decrease in blood pressure upon standing.® Patients
should avoid the supine position during the day and sleep
with the head of the bed raised at night. Adapting the
home environment, such as putting a chair in the
bathroom to shower in a sitting position, can facilitate
activities of daily living.

Medication review

All medications should be reviewed for unwanted
cardiovascular effects and modified or discontinued if
appropriate. Cessation or reduction in the dose or
frequency of use of drugs, not only of hypertensive medi-
cations, are often needed. Of note, however, is that the
treatment of uncontrolled hypertension can reduce the
occurrence of non-neurogenic orthostatic hypotension.®”:%
Nevertheless, specific classes of medication (eg, central or
peripheral a-antagonists, and f-blockers) can exacerbate
orthostatic hypotension by diminishing the compensatory
cardiovascular responses needed to maintain blood
pressure in the upright posture.

Physical countermanoeuvres

Physical countermanoeuvres should be considered a
next step after education and medication review, as they
effectively improve orthostatic tolerance and are easy to
apply.*¥* These manoeuvres can end an episode of
orthostatic hypotension if applied immediately when
hypotensive symptoms present, and are also helpful as
preventive measures when applied pre-emptively to
increase blood pressure when standing. An interactive
session assessing the efficacy and practicality of the
various measures enables tailored therapy (figure 4).*
Ideally, patients learn to anticipate situations in which
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orthostatic hypotension is likely to occur and apply these
measures automatically. However, physical counter-
manoeuvres are not useful to avoid syncope in patients
without prodromes, and could be difficult for patients
who have motor disabilities or compromised balance as a
result of being frail or having neurological conditions.

Bolus water drinking

As an additional measure, bolus water drinking can be
recommended in advance of triggering events.”** Rapid
ingestion of water (500 mL ingested in 2-3 min) elicits,
within 5 to 10 min, an increase in blood pressure
mediated by the sympathetic nervous system, and this
effect lasts for 30—45 min. This pressor effect seems to be
a spinal reflex triggered by acute reduction in osmolality
in the portal vein (ie, osmopressor reflex), engaging
residual sympathetic efferent nerves.

Eating frequent small meals and decreasing alcohol
intake

Postprandial hypotension is defined as a decrease in
systolic blood pressure of more than 20 mm Hg up to
30 min after a meal." Patients with neurogenic orthostatic
hypotension and postprandial hypotension could reduce
symptoms by eating smaller and more frequent meals
with a lower carbohydrate content and avoiding alcohol.”
Conversely, in patients with coexisting supine hyper-
tension, eating a sweet snack (around 400 kcal) or
drinking a glass of wine before going to sleep has been
shown to counteract supine hypertension."*

Increasing dietary salt intake

Traditionally, patients with orthostatic hypotension have
been recommended to avoid a low-sodium diet and
instructed to increase dietary salt intake to about 10 g
NaCl per day, provided that there are no contraindications.
Increases in salt intake can be achieved by adding salt
liberally to meals or ingesting salt tablets. Fluid intake
should be 2-3 L/day. Salt supplementation promotes
plasma volume expansion, therefore improving ortho-
static tolerance.”* Daily measurement of body weight is
helpful to monitor this intervention. This approach
should be undertaken cautiously in adults with supine or
seated hypertension, and the relative improvement in
orthostatic hypotension should be balanced against the
potential to exacerbate hypertension.

Avoidance of physical deconditioning

For patients with orthostatic hypotension, lower-body
strength training and moderate, non-strenuous activities
should be encouraged. These activities are potentially
beneficial by increasing plasma volume and increasing
the efficacy of physical counterpressure manoeuvres.
Exercise that is associated with minimal orthostatic
stress (recumbent or semi-recumbent cycling or rowing
exercise) is safe and well tolerated by patients with
severe orthostatic hypotension. Notably, post-exercise

For Syncopedia see
https://www.syncopedia.org/
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Figure 4: Physical countermanoeuvres to increase blood pressure in patients with orthostatic hypotension

Red lines show the effects of crossing the legs, placing a foot on a chair, squatting when standing, and crossing the legs while seated on beat-to-beat arterial pressure
measured at the finger in a middle-aged patient with pure autonomic failure and incapacitating neurogenic classic orthostatic hypotension. The arrows indicate the
duration of the manoeuvres. Note the increase in blood pressure and pulse pressure. Blood pressure tracings are adapted from ref 84.

hypotension can predispose susceptible individuals to
syncope, so patients should be advised to take particular
care in the first minutes after cessation of exercise.
Swimming will not provoke symptoms, but getting out
of the water can be problematic, especially in warm
temperatures. While cycling, patients should try to avoid
freewheeling as it could provoke symptoms. Tricycles
that provide more stability are helpful. Hiking with a
walking stick or pole could help patients to tolerate
longer walking trails, as the poles can be used to bend
forward and mitigate orthostatic stress.

Additional measures for severely affected patients
Elevation of the head-end of the bed to permit gravitational
stress during sleep can improve orthostatic tolerance in
patients with orthostatic hypotension. This technique
ameliorates nocturnal hypertension and decreases noc-
turia and overnight depletion of plasma volume, therefore
inducing a more favourable distribution of body fluids.”*
Small tilting angles do not improve orthostatic tolerance;*
therefore, steeper angles (elevation of the head-end using
20-30 cm blocks) are recommended. In our experience,
the beneficial effects can be so pronounced that patients
might accept the discomfort. A hard pillow under the
mattress at the level of the thighs can prevent the patient in
supine sleep position from sliding down, and a footboard
can be helpful. Another practical solution to enable head-
up sleeping is an adjustable electric bed or mattress.
Compression stockings (worn to the upper thigh) require
substantial effort to put on and have only a marginal effect
on standing blood pressure.* The abdomen is the most

effective compression site to combat orthostatic
hypotension, by diminishing splanchnic pooling. Elastic
abdominal binders can be effective in highly symptomatic
patients who are willing to attempt this intervention,**
but are uncomfortable to wear, especially in warm weather.

For some patients, a small, portable, and lightweight
folding chair can be helpful to enable them to sit, and
thereby ameliorate or end an episode, when presyncopal
symptoms are triggered by standing. The seat height is an
important determinant of the blood pressure response,
with lower chairs having a more beneficial effect.*

Pharmacological management of orthostatic
hypotension

The inability to control orthostatic intolerance with non-
pharmacological measures is often explained by poor
compliance. Patients with severe orthostatic hypotension,
who remain symptomatic despite adherence to non-
pharmacological therapy, should be considered for
pharmacological treatment, which includes intravascular
volume expansion and pressor drugs."* Pharmacological
treatment of neurogenic orthostatic hypotension is
complex, and should be prescribed with caution because
of the uncertainties regarding its long-term safety.” We
recommend considering referral to a specialised unit,
particularly for patients with multimorbidity or when
non-pharmacological measures and treatment with a
single drug do not control symptoms. The mineralo-
corticoid agonist fludrocortisone induces an initial
expansion of extracellular fluid volume, therefore raising
blood pressure. Studies on the safety of this approach for
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patients with orthostatic hypotension are scarce, and the
clinical effectiveness, particularly with long-term use, is
uncertain.”® Doses greater than 0-2 mg/day are not
recommended. Long-term use of fludrocortisone in high
doses increases the risks of heart failure, renal fibrosis,
and hospitalisation for any reason."*

Pressor agents, such as the a-adrenergic-receptor agonist
midodrine and the synthetic norepinephrine precursor
droxidopa, are short-acting and safer relative to
mineralocorticoid agonists. The pressor response to
droxidopa depends on the extent of postganglionic
sympathetic denervation, with patients with low plasma
norepinephrine concentrations before treatment having
the most robust pressor response.” Conversely,
noradrenaline-reuptake inhibitors, such as atomoxetine,
have a pressor effect when peripheral sympathetic neurons
are functional, including in patients with preganglionic or
premotor sympathetic lesions, such as in multiple system
atrophy.” The acetylcholinesterase inhibitor pyridostig-
mine exerts only modest pressor effects when used
alone,”” but seems to have synergistic effects when com-
bined with midodrine or atomoxetine."* Postprandial
hypotension can be treated with the a-glucosidase inhibitor
acarbose™” or caffeine.™ The selection of one drug rather
than another, or the use of combinations, depends on the
presence of plasma volume depletion, the extent of nor-
adrenergic denervation, the time of day at which the
patient has symptoms, the presence and severity of supine
hypertension, and the patients’ symptomatic response
(table).

Supine hypertension is common in orthostatic hypo-
tension and can be aggravated by the treatment of ortho-
static hypotension, and aiming to avoid it is likely to result
in orthostatic hypotension remaining undertreated. The
risks of orthostatic hypotension in some patients can be
greater than the risks of supine hypertension, which

might not be similar in severity and scope to those of
essential hypertension. When symptomatic, treatment of
orthostatic hypotension should be prioritised, and
moderate supine hypertension tolerated. However, severe
supine hypertension is associated with increased risk of
cardiovascular adverse events and shorter survival."##
When considerable supine hypertension persists in
patients with neurogenic orthostatic hypotension, despite
head-up sleeping and avoidance of long-acting
antihypotensive drugs, treatment with short-acting
antihypertensive agents before bed might be considered,
with the caveat that such treatment could exacerbate
orthostatic symptoms if the patients gets up from bed at
night'fv,xi‘)o

Conclusions and future directions

Orthostatic hypotension is common, particularly
among patients 60 years and older and patients
with neurodegenerative disorders causing baroreflex
dysfunction, spinal cord disorders, and small fibre
neuropathies, and is associated with impaired quality of
life and adverse outcomes. Management of orthostatic
hypotension needs a stepwise, individualised approach
consisting of precise history taking and measurement of
orthostatic blood pressure and heart rate changes and, in
dialogue with the patient, tailored therapy. The primary
management approach is non-pharmacological.

Our understanding of many aspects of the management
of orthostatic hypotension is poor, and more research is
required. Studies with large-scale prospective population
cohorts are needed to establish the prognosis of patients
with all four subtypes of orthostatic hypotension. These
studies should incorporate beat-to-beat blood pressure
measurements with standardised standing protocols to
fully characterise the initial response to standing. Specific
investigations should also focus on the value of ambulatory

inhibitor

excessive sweating, urinary incontinence

Evidence graded according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) recommendation.’*

Mechanism Recommended dose Side-effects GRADE FDA approval
recommendation for orthostatic
hypotension
Droxidopa™® Short-acting synthetic norepinephrine  100-600 mg 3 times aday (morning, ~ Supine hypertension, headache, nausea, fatigue;  lla Yes
precursor midday, and 3-4 h before going to use with caution in patients with congestive heart
bed) or tailored to the patients’ needs  failure or chronic renal failure
Midodrine** Short-acting direct o,-adrenergic 2:5-15 mg 2 or 3 times a day Supine hypertension, piloerection (goose lla Yes
receptor agonist (morning, midday, and 3-4 h before bumps), itchy scalp, urinary retention; use with
going to bed or tailored to the caution in patients with congestive heart failure
patients’ needs) or renal failure
Fludrocortisone®  Long-acting synthetic mineralocorticoid  0-05-0-2 mg once a day; no benefit Supine hypertension, hypokalaemia, renal failure, 1lb No
(volume expansion that increases with doses higher than 0-2 mg/day oedema, end organ damage; use with caution in
sodium and water reabsorption) patients with congestive heart failure
Acarbose'” Short-acting a-glycosidase inhibitor 50-150 mg before meals to prevent Abdominal gas, bloating llc No
postprandial hypotension
Atomoxetine”’ Short-acting norepinephrine reuptake  10-18 mg twice a day Supine hypertension, insomnia, irritability, llc No
inhibitor decreased appetite
Pyridostigmine®*  Short-acting acetylcholinesterase 30-60 mg 2 or 3 times aday Abdominal cramps, diarrhoea, sialorrhoea, llc No

Table: Pharmacological management of orthostatic hypotension
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Search strategy and selection criteria

We searched PubMed and OVID for papers published in
English from March 1, 2017, to March 1, 2022, using the

L

keywords “orthostatic hypotension”, “initial orthostatic
hypotension”, “postural hypotension”, or “orthostatic blood
pressure”. The resulting articles were screened for relevance
to the topic and rigour of their approach. We focused on
seminal work, clinical studies with the highest level of

evidence, and recent systematic reviews and meta-analyses.

blood pressure monitoring to identify orthostatic
hypotension and supine hypertension during activities of
daily living and thereby guide therapy. Advanced profiling
of the parameters that determine blood pressure could
considerably improve our understanding of the ortho-
static hypotension subtypes and provide biomarker
signatures of future adverse events. Efforts should be
made to provide evidence-based recommendations for the
treatment of neurogenic orthostatic hypotension. For non-
pharmacological interventions, researchers could take
advantage of multiple n-of-1 clinical trials. Long-term
follow-up studies are needed to establish the safety of
pharmacological treatment of neurogenic orthostatic
hypotension. The evaluation of strategies to manage
supine hypertension in patients with orthostatic hypo-
tension, and the effect of these strategies on both
orthostatic symptoms and long-term cardiovascular risks,
are important pressing issues. Future treatments should
ideally selectively increase blood pressure in periods of
orthostatic stress. Potential avenues include posture-
responsive interventions (eg, compression garments or
spinal cord stimulation'”) to slow and delay the occurrence
of orthostatic hypotension, therefore offering more time
to accommodate the symptoms. Additionally, biomarkers
to predict the conversion of isolated neurogenic orthostatic
hypotension to Parkinson’s disease and related synucleino-
pathies®®** need validation to ascertain their utility
and accelerate the development of disease-modifying
therapies."
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