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Abstract

Dyspnea in low-preload states is an underrecognized but growing
diagnosis in patients with unexplained dyspnea. Patients can often
experience debilitating symptoms at rest and with exertion, as low
measured preload often leads to decreased cardiac output and
ultimately dyspnea. In the present article, we performed a review of
the literature and a multidisciplinary evaluation to understand the
pathophysiology, diagnosis, and treatment of dyspnea in low-

preload states. We explored selected etiologies and suggested
an algorithm to approach unexplained dyspnea. The mainstay
of diagnosis remains as invasive cardiopulmonary exercise
testing. We concluded with a variety of nonpharmacological and
pharmacological therapies, highlighting that a multifactorial
approach may lead to the best results.
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Dyspnea is a common complaint among
patients, affecting up to 25% of individuals
in the outpatient setting (1, 2). Major causes
of dyspnea stem from cardiac, pulmonary,
vascular, neurological, and/or metabolic
abnormalities. However, around 10–20% of
patients with dyspnea who undergo a
comprehensive diagnostic evaluation have
no identifiable etiology (3). In general,
patients with unexplained dyspnea undergo
an extensive workup that commonly
involves repeating several diagnostic tests
(4). Hence, these patients incur risks and
bear great financial burden to themselves
and to the healthcare system overall (5).

Recently, Oldham and colleagues have
implicated low preload as a cause of dyspnea
in several patients, including those with
postural orthostatic tachycardia syndrome

(POTS) and other autonomic diseases (6).
Preliminary data by our group described
that inadequate cardiac preload may help
explain the cause of dyspnea in a significant
proportion of patients, many of whom
receive a diagnosis after numerous
diagnostic tests (7). Low preload can occur
in association with a variety of clinical
conditions that interfere with an adequate
cardiovascular venous return, and it may
play a larger role in patients with autonomic
disease. The decrease in preload when
sitting or standing or the lack of
augmentation during exercise can lead to
insufficient cardiac output ( _Q) and
decreased oxygen delivery, resulting in
fatigue and dyspnea. Although symptoms,
the orthostatic response, and results of some
tests suggest the condition, low preload as a

cause of dyspnea is diagnosed by using
right heart catheterization during upright
exercise (6).

Chronic low preload as a cause for
dyspnea is frequently underrecognized. In view
of advances in the diagnosis, management, and
treatment, we sought to perform a review of
the literature to summarize current knowledge
and unmet needs. The focus of this
paper is chronic or persistent low-preload
states, as opposed to acute low-preload
states (i.e., hemorrhagic shock or acute
dehydration). Given the multidisciplinary
nature of the disorder, we gathered
knowledge from several specialties, including
pulmonary, cardiovascular, and neurological
specialties, to offer a comprehensive
description and strategy for multispecialty
management of this elusive condition.
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Causes of Dyspnea

The definition of dyspnea is not fully
established. However, in a recent article,
dyspnea is described as an “unpleasant
subjective experience of discomfort with
breathing that generally worsens as
underlying disease processes increase in
severity; in its chronic and severe state, it can
lead to significant disability, progressive
inactivity, social isolation, and substantive
suffering.” (2, 8–10) The symptom of
dyspnea is common, as it affects nearly half
of admitted patients and a quarter of
patients seen in the ambulatory setting (2).

In a retrospective study conducted by
Huang and colleagues, nearly 80% of
patients with unexplained dyspnea had
repeated testing, and 54% had already tried
specific therapies without response
(inhalers, diuretics, and antidepressive
treatment). Frequent diagnoses in these
patients include oxidative myopathy (25%),
dysautonomia/preload failure (21%), heart
failure with preserved ejection fraction
(18%), primary hyperventilation (8%), and
others (11%) (5). In our experience, 50% of
patients with unexplained dyspnea had a
chronic low-preload state as the most likely
explanation for their symptom,
understanding that this is a selected group of
patients who underwent a large number of
investigations to rule out other causes of
dyspnea, including cardiopulmonary
exercise testing (CPET) (7).

Preload Physiology

Preload is defined as the wall stress or force
to stretch fibers at the end of diastole, also
known as the maximal resting length of the
cardiac sarcomere (11). Many definitions
describe preload in terms of left ventricular
end-diastolic volume or pressure; however,
the term “end-diastolic wall stress” may be
more appropriate, as it encompasses the
numerous factors that determine preload:
ventricular dimensions, wall thickness,
transmural diastolic pressures, chamber
compliance, venous return, intrathoracic
and intrapericardial pressures, and
ventricular interdependence (12).

Blood volume has a key role in
determining preload. Gravity shifts 700–900
ml of blood volume to the lower parts of the
body (13), primarily through venous
pooling in the lower extremities (14) and

splanchnic circulation (15). Indeed, the
venous compartment serves as a volume
reservoir where hydrostatic pressure
interplays with vascular compliance to drive
blood back to the right atrium (13). In
healthy persons, preload is maintained in
the upright position by a reduction in
venous compliance with increasing
hydrostatic pressure, an increase in
interstitial fluid with further reduction in
vein compliance, functional venous valves,
muscle contraction, and the suctioning
action of the respiratory pump (13).

Preload largely remains the main
determinant for systolic performance. _Q is
determined by stroke volume (SV) and heart
rate (HR). The determinants of SV are
preload, afterload, and contractility. Based
on the effects described by Frank-Starling,
the ventricular output increases in relation
to the stretch of myocardial fibers before
contraction or preload (16), augmenting the
heart to respond to hemodynamic changes
(17). Many responses facilitate the increased
preload to meet the demands, including the
sympathetic nervous system (17), which is
activated by the anticipation of exercise;
vasodilation of the exercising muscles and a
transient drop in arterial blood pressure
(BP) that is sensed by baroreceptors in the
common carotid and aortic arch;
metabolites (i.e., lactate, IL-6, cathepsin B,
and irisin) released by exercising muscles
that directly signal the brainstem (18);
and changes in the blood composition
of oxygen and lactic acid, which activate
chemoreceptors. These signals amount to a
norepinephrine release, together with
sympathetic nerve activation that increase
actin–myosin interactions, preload, _Q, HR,
and contractility (19). Sympathetic nerve
activity helps with vasodilation in the
exercising muscles coupled with
constriction in the nonworking muscles
(20).

Measuring Preload

In vivo measurement of preload is
challenging, as current technology limits
measurement of sarcomeric stretch at end-
diastole. Notably, most of our clinical
estimations of preload are conducted while
the patient is in the supine position,
although the most physiologically pertinent
measurements are performed while the
patient is sitting or standing. Because
sarcomeric length cannot be determined

in vivo, preload is estimated either invasively
by measuring the right atrial (RA) and
pulmonary arterial wedge pressure (PAWP)
during right heart catheterization or
noninvasively by determining the
ventricular end-diastolic volume.

Data from studies that tested fluid
resuscitation revealed that central venous
pressure/RA pressure may not always
provide an accurate measure of preload (21).
Errors can be technical, including zeroing
and leveling of the pressure transducer or
errors due to artificial increases in cases of
high intrathoracic pressure (22). Other
techniques include estimating ventricular
end-diastolic volume via echocardiography
(23) or cardiac magnetic resonance imaging
(24) and the ultrasonographic
determination of the inferior vena cava
diameter and its respiratory variation (25).
Further investigation of these tools is needed
to comment on chronic low-preload states
in which symptoms manifest in the upright
position and during activities.

Low Preload and Dyspnea

An overall persistent low blood volume or
failure to return blood to the heart
contributes to the low preload and dyspnea.
The mechanism of dyspnea in these patients
remains obscure, but a few hypotheses have
been suggested (Figure 1). Ventilation–
perfusion ( _V/ _Q) mismatch is a driver of
dyspnea in patients with platypnea
orthodeoxia (26, 27). A lower venous return,
and hence a lower SV, may generate lower
apical pulmonary pressures that increase
dead-space ventilation, potentially
exacerbated by inadequate reflex
vasoconstriction in these regions (28). Other
investigators have highlighted a central
cause of breathlessness, describing a
mismatch between respiratory neural drives
and afferent feedback in the respiratory
system (29). For instance, in patients with
heart failure, chemoreceptor activity and the
ergoreflex (muscle receptors that sense
exercise and work) are enhanced, yet the
baroreflex and autonomic control may be
depressed, limiting the chemoreceptor
activity (chemoreflex) and enhancing the
sensation of dyspnea (29, 30).

Other potential explanations for
dyspnea related to low preload include air-
trapping (marked by increases in residual
volume due to impaired exhalation)
constraining tidal volume and limiting
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minute ventilation ( _VE), thus leading to
dyspnea (31). Several studies have
highlighted the structural effects of heart
failure on the respiratory muscle fibers that
have led to weakness and fatigue in these
patients (32). These respiratorymuscles may
also be competing for blood flow with
locomotor muscles, resulting in ischemia
and dysfunction (31). A study by Oldham
and colleagues suggests a decrease in
peripheral oxygen extraction with
peripheral limitation (skeletal-muscle
dysfunction) in exercise performance (6,
33). Importantly, the difference in arterial
minus mixed venous oxygen content
(oxygen extraction) increases during
exercise and is reduced in metabolic
myopathies, in which the peripheral oxygen
is affected. The Fick principle is based on the
concept that the total uptake of a substance
is equal to the product of the arteriovenous
gradient and blood flow (34). In patients
with a low-preload state, there is a reduction
in SV, oxygen extraction, and oxygen
consumption ( _VO2) (6). These processes
may further be exacerbated by
deconditioning and structural changes such
as cardiac hypotrophy, as seen in some
patients with POTS (35).

Etiologies

Low preload is not an isolated entity but is
rather a hemodynamic condition associated
with a variety of diseases. Dyspnea in
chronic low-preload states can be
exacerbated by acute hypovolemia from
reduced fluid intake, excessive perspiration,
diarrhea, hemorrhage, and impairment of
regulatory mechanisms (i.e., thirst and
diuresis). In certain cases, chronic

hypovolemia, as seen in chronic diarrhea,
high-output ostomies, and/or chronic
diuretic use, may lead to persistent dyspnea.
A case report linked low-volume states with
adrenocorticotropic hormone deficiency
(36), and other endocrinopathies
(i.e., carcinoid, pheochromocytoma,
hypothyroidism, etc.) should also be
considered. Medications can also exacerbate
low-volume states, as seen in patients
who receive diuretics, b-blockers,
calcium channel blockers, serotonin–
norepinephrine reuptake inhibitors,
stimulants, etc. (37).

A few cases demonstrated low preload
in the context of structural defects or
obstructions of the venous system (14). Case
reports described the improvement in
exertional dyspnea after a recanalization of a
thrombosed inferior vena cava filter (38) or
a chronically obstructed azygos vein (39).
Exercise intolerance was described in a
series of patients with a congenital absence
of venous valves (40) and in a patient with
failed Fontan circulation and chronic
preload limitation (41).

In many cases, low preload may result
from a myriad of diseases that reduce
venous tone directly. In these cases,
increased venous capacitance and excessive
blood pooling lead to reduced blood return
and dyspnea. Studies have highlighted
venous pooling in the upright posture of
patients with POTS (42, 43) and orthostatic
hypotension (44). The pathophysiology of
POTS has been attributed to peripheral
autonomic denervation, neuropathy of
distal ganglionic fibers, inadequate postural
changes in renin–aldosterone activity,
hyperadrenergic states due to
norepinephrine transport deficiency,
deconditioning with reduced left ventricular

mass, etc. (44–46). Small-fiber neuropathy
(SFN) is a neurological condition
characterized by a reduced nerve count
leading to sensory disturbances and possible
autonomic dysfunction (47). Table 1 shows
the above etiologies by category.

Description of Selected
Etiologies

POTS
POTS is a heterogeneous syndrome that
may be related to low preload (48). In this
condition, patients suffer chronic symptoms
of orthostatic intolerance for more than 3
months (48). The estimated prevalence of
POTS is approximately 170 per 100,000
subjects, and it is more common in women
(5:1) of childbearing age (49, 50). POTS is a
clinical syndrome characterized by
symptoms that occur with standing, an
increase of HR >30 beats per minute when
moving from a recumbent to a standing
position (or >40 beats per min in
individuals 12–19 yr of age) and absence of
orthostatic hypotension (drop of systolic BP
.20 mm Hg or diastolic BP .10 mm Hg)
within 3 minutes of standing (37, 51). HR
and BP must be verified in two separate
measurements at least 1 minute apart. Up to
65–80% of patients may complain of
dyspnea, and some describe dysfunctional
breathing with hyperventilation (52).

Orthostatic Hypotension
Orthostatic hypotension is characterized by
a fall in systolic BP >20 mm Hg or a fall in
diastolic BP >10 mm Hg within 3 minutes
of standing or during a head-up tilt-table
test (53). Some patients may have
progressive hypotension that may only be
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hyperinflation
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Figure 1. Mechanisms of dyspnea in preload failure.
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evident with a prolonged tilt-table test (54).
Orthostatic hypotension becomes more
common with increasing age, with prevalence
around 18% in individuals >65 years (55).
The autonomic nervous system plays a key
role in these patients (56). Gibbons and
colleagues suggest that 30% of patients with
orthostatic hypotension may also present with
fatigue and dyspnea with coincident BP fall,
termed “orthostatic dyspnea” (26). In fact,
during autonomic testing, these patients
reported resolved symptoms when returning
to the supine position (26).

SFN
SFN is a common sensory peripheral nerve
disorder, marked by degeneration of small
myelinated and unmyelinated (C) fibers
(47). The myelinated and C fibers are
involved in pain and temperature sensation,
but C fibers also participate in autonomic
function. Skin biopsy specimens of these
individuals show significant loss of these
epidermal fibers (57). Patients with SFN can
present with any degree of pain and sensory
loss, and half of patients may also have
autonomic dysfunction due to decreased
sympathetic tone (47, 58). The prevalence of
SFN is unknown, given its underrecognition,
with a minimum prevalence of 53 per
100,000 subjects (59).

Clinical Presentation

From a respiratory standpoint, patients with
inadequate preload hemodynamics
demonstrate dyspnea with exertion that may
progress with time, leading to limited
functionality. In our experience, given the
reduced preload, patients frequently have
lightheadedness, presyncope, or syncope
during or immediately after activities, rapid
changes in positions, Valsalva maneuvers,
etc. These symptoms are often seen in
patients with autonomic conditions such as
POTS (37, 58). The symptom burden for

patients with chronic low preload can be
incredibly debilitating, directly impacting
health-related quality of life.

Diagnosis

The diagnosis of low preload as a cause of
dyspnea is challenging, and patients are
often underrecognized in the clinical setting.
Evaluation of these patients should include a
complete clinical history, thorough review of
systems including autonomic involvement
(sudomotor, secretomotor, cardiovascular,
gastrointestinal, and genitourinary
abnormalities), and physical examination
with assessment of orthostatic vital signs.
Other initial tests include blood work
(i.e., complete blood count and electrolyte,
renal-function, ferritin, thyroid-stimulating
hormone, morning cortisol, vitamin B12,
and fasting-lipid panels) and additional
special studies, when clinically indicated
(antiphospholipid antibody, C3 and C4,
Sjogren syndrome antigen A/Sjogren
syndrome antigen B, antinuclear antibody,
and tissue transglutaminase/antigliadin
antibody studies; a paraneoplastic antibody
panel; copper, serum, and urine
metanephrine studies; and serum and
urinary monoclonal protein analysis).

It is important to rule out structural
heart disease and arrhythmias (through
electrocardiograms, echocardiograms, use of a
Holter monitor, and stress tests), neurological
conditions (through electromyograms and
electroencephalograms) (60), and autonomic
diseases (through tilt-table tests [61],
quantitative sudomotor axon reflex tests,
catecholamine determination [62], testing of
HR variability, testing of the response to the
Valsava maneuver, and thermoregulatory
sweat tests). A tilt-table test can be useful to
detect delayed changes in BP and HR while
in the upright position that are not
elucidated by orthostatic vital signs (54). If
concern for POTS exists, 24-hour urine

sodium, blood-volume measurement, and
specific antibodies (i.e., ganglionic A3
acetylcholine, b1 and b2 adrenergic, M2/3
muscarinic, and N-type acetylcholine
antibodies) need to be considered (37, 49,
63). Skin biopsy is the gold standard for the
diagnosis of SFN (57).

The mainstay of the diagnosis of low
preload lies with invasive CPET (iCPET) (see
Figure 2). CPET results are not sufficient to
establish the diagnosis but may provide clues
such as the reduction in the peak _VO2,
reduction in peak _Q, early anaerobic threshold,
increase in _VE/CO2 production, flattening of
the O2 pulse ( _VO2/HR), lack of increase of the
arterial BP during exercise, and reduced HR
reserve (6, 64). Parameters like a reduced O2

pulse ( _VO2/HR)may be due to a low SV, lower
arterial oxygen content, or limitation of
maximal oxygen extraction due to abnormal
blood-flow distribution to muscles or a defect
in oxidative capacity. iCPET adds pulmonary
and radial artery catheterization, allowing a
comprehensive evaluation of ventilation, gas
exchange, and cardiac function at rest and
during incremental exercise (65). Body
position during exercise testing is critical, as
RA pressure, pulmonary arterial pressure,
and _Q are noted to decrease from a supine to
an upright posture (66, 67). In fact,
pulmonary hemodynamic determinations
are normal in the supine position (68), but
RA pressure drops significantly and may not
fully correct with a normal saline infusion
(69). As the preload is insufficient, SV rapidly
reaches a plateau, and _Q further increases
through a rise in HR (35).

Variability exists in the literature
regarding the hemodynamic definition of
preload insufficiency, even over time by the
same working groups, augmented by
differences in testing methodologies (right
heart catheterization with exercise vs.
iCPET) and the conditions on how the
exercise is performed (e.g., normal saline
administration before the test). The most
recent criteria to define preload limitation to

Table 1. Etiologies of low preload

Decreased Intravascular Volume Venous Obstruction/Restriction Reduction of Venous Tone

d Reduced fluid intake d Thrombosed inferior vena cava d Postural orthostatic tachycardia syndrome
d Excessive perspiration d Deep vein thrombosis
d Chronic diarrhea d Dysfunctional venous valves

d Orthostatic hypotension

d Hemorrhage d Congenital heart disease
d Orthostatic intolerance

d Endocrinopathies
d Small-fiber neuropathy

d Medication side effects
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exercise include an unexplained abnormal
cardiac limitation to exercise (peak
_VO2, 80% predicted and peak _Q, 80%
predicted) plus reduced ventricular preload
(peak RA pressure, 9 mm Hg, peak
PAWP, 14 mm Hg, and peak pulmonary
arterial pressure, 30 mm Hg) (70). Prior
attempts included only the hemodynamic
component (5, 65) and/or proposed slightly
different RA-pressure and PAWP cutoffs
(peak RA, 6.5 mm Hg and peak
PAWP, 12.5 mm Hg, with a change in RA
pressure or PAWP between baseline and
peak exercise ,5.5 mm Hg or ,6.75 mm
Hg, respectively) (6). Of note, in the study by
Oldham and colleagues, patients were given
normal saline to optimize preload, and
although this would have made the test
more specific, it could have come at the
expense of reducing sensitivity (6). A
suggested algorithm to evaluate these
patients is shown in Figure 3.

Management

There is currently no cure for dyspnea in
low-preload states. Treatment is provided to
improve quality of life, optimize physical
conditioning, and reduce symptoms.
Nonpharmacological and pharmacological

interventions should be used in
combination, given that various conditions
may be at play and a multidisciplinary
approach is ideal (37). Broadly, preload can
be increased by increasing thoracic blood
volume (or venous return), increasing
ventricular compliance, increasing atrial
contraction, reducing the HR (to improve
ventricular filling), and decreasing venous
compliance (i.e., sympathetic activation of
smooth muscles in the veins).

The mainstay of treatment of low
preload is to optimize the volume status
(71). A thorough review of the patient’s
medication list is critical to identifying those
that may affect cardiac preload (i.e., nitrates,
diuretics, a-adrenergic agonists, calcium
channel blockers, tricyclic antidepressants)
(37). Classical nonpharmacological
interventions include increasing salt
intake (10 g daily or target 24-h urine
sodium. 170 mmol) and hydration (up to
3–4 L/d), elevating the head of the bed at
night to promote volume expansion and
reduced nocturnal diuresis, minimizing
sudden transitions from supine to sitting to
standing positions (71), and avoiding
prolonged standing and warm
environments (see Table 2) (72). Over-the-
knee or, ideally, waist-high compression of
the lower extremities (starting at 30–40 mm

Hg) helps decrease venous pooling, thereby
attenuating the reduction in SV and _Q when
adopting an upright position (73). Tightly
fitted abdominal binders are more
efficacious, as the lower abdomen and pelvis
contain 20–30% of total blood volume (74).

Exercise training may also be of great
benefit, as seen in studies with patients with
vasovagal syncope (75) and POTS (76). A
supervised exercise programwith endurance
(aerobic) and resistance (strength) training
with a focus on the core and lower body may
confer the most benefits (76, 77). Some
studies have shown that physical fitness may
maximize aerobic capacity and increase SV
over time (78). It is essential to start with a
horizontal mode of training (i.e., swimming,
recumbent cycles, or rowing or weight-lifting
in the sitting position) that is consistent
through the week, without more than 2 days
off from exercising (79). Benefits may be
noted within 4–6 weeks of a structured
exercise program (79). Fu and Levine showed
that after 3 months of exercise training,
patients with POTS had increased oxygen
uptake, cardiac mass, and blood volume as
well as subjective well-being with improved
quality of life (77). Reilly and colleagues also
studied physiotherapy in POTS patients,
showing that educational and breathing
retraining exercises improve the breathing
pattern and symptom burden (52).

In the setting of acute symptoms and
orthostatic intolerance, several measures
may be used for alleviation. Physical
countermeasures that quickly increase
venous return include leg crossing, muscle
tensing, muscle pumping (sway-and-shift or
tiptoe walking), bending forward, sitting/
squatting/laying supine, hand squeezing a
rubber ball with contraction of leg and
abdominal muscles, negative-pressure
breathing maneuvers, buttock clenching,
sitting with the head between the knees, and
skin-surface cooling (80). Rapid ingestion of
water may also increase BP. In patients with
neurogenic orthostatic hypotension or
autonomic failure, rapidly ingesting 500 ml
of fluid (in 2–3 min) can increase BP by
40 mmHg in 5–10 minutes; however, effects
may disappear after 1 hour (81). This
response is likely related to the
hypoosmolarity of water, causing an
osmopressor response and an increase in
plasma norepinephrine (82). In the clinical
setting, patients with orthostatic
hypotension improved with intravenous-
fluid administration, as it may play a role in
optimizing _V/ _Q mismatch (28). Exercise

Cleveland
Clinic
©2020

Figure 2. Invasive cardiopulmonary exercise testing. Invasive hemodynamic measurements are done
via pulmonary arterial and radial arterial catheters. These measurements are monitored while a patient
is at rest and during incremental upright exercise. Reprinted by permission from the Cleveland Clinic
Center for Medical Art and Photography, 2020. All Rights Reserved. Illustration by David R. Schumick,
B.S., C.M.I.
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capacity and hemodynamics (i.e., SV and _Q)
also improve with intravenous hydration in
patients with other forms of low preload (6,
69).

Medications are helpful in patients who
find limited benefit from nonpharmacological
measures. Patientsmay try salt tablets of 1–2 g
three times a day to help increase the
intravascular volume, although, for some, this
may induce an osmotic load and cause
nausea, vomiting, and further dehydration.
Other pharmacological interventions focus on
reducing disproportionate tachycardia that
contribute to symptom burden (51),
improving blood volumes, and enhancing
vasoconstriction. Tachycardia can be
managed by propranolol (10–40 mg three
times a day) and ivabradine (2.5–7.5 mg twice
a day). Side effects of propranolol include
bradycardia, and side effects for ivabradine
include bradycardia and visual phosphenes.
Fludrocortisone can be used to increase
blood-plasma volume at a dosage of 0.1 mg to
up to 1 mg daily (43, 83). Common side
effects of this drug include edema,
hypokalemia, and a risk of osteoporosis in
young women (83). Midodrine is a prodrug
that is metabolized to an a-1 adrenergic
agonist that results in an increase in the
arteriolar and venous tone and therefore may
enhance venous return, preload, and SV (83).
The dosage is 2.5–10 mg three times a day,
and common side effects include supine
hypertension, piloerection, and pruritis (83).
Pyridostigmine inhibits peripheral
acetylcholinesterase to increase synaptic
acetylcholine at autonomic ganglia and
peripheral muscarinic receptors (45, 83). The
dosage can begin at 30 mg twice a day,
titrating up to 60 mg three times a day if
needed, with common side effects of loose
stools, bladder irritability, diaphoresis,
hypersalivation, and fasciculations (83).
Hyperadrenergic agents such as droxidopa
at 100–600 mg three times a day,
methyldopa at 125 mg daily to 250 mg
twice a day, and clonidine at 0.1–0.2 mg up
to three times a day may also offer benefits
(37, 56). The main side effect of central
sympatholytic medications like droxidopa
include supine hypertension (56).
Additional off-label agents (atomoxetine,
octreotide, yohimbine, ergotamine,
pseudoephedrine, caffeine, and
recombinant erythropoietin) may offer
some promising avenues, but further
research is warranted (Table 2) (56).

If a patient’s underlying pathology is an
autoimmune disorder, other treatments may

If abnormal, consider further
investigation and treatments

If inconclusive, clinically
indicated, or suspected

low preload state

Consider Exercise
Evaluation

CPET iCPET

                      Further Evaluation
•  Chest X-ray
•  Spirometry with Lung Volumes and DLCO
•  Bronchodilator challenge
•  CT scan of Chest

If abnormal, consider further
investigation and treatments

If inconclusive

                     Initial Blood Work
•  Electrolytes
•  CBC
•  Renal function
•  Lipid panel
•  Ferritin
•  TSH

Unexplained Dyspnea

History
ROS (Sudomotor, Secretomotor, CV, GI, GU)

Review of Medications
Physical Exam (Neuro, Orthostatic VS)

If abnormal If abnormal

Diagnoses include:
•  Orthostatic
    Hypotension

•  24 hour urine sodium
•  Blood volume
•  Copper level
•  C3 and C4 levels
•  Anti-SSa/SSb
•  Antiphospholipid Ab
•  Antinuclear Ab
•  Tissue transglutaminase/
   antigliadin Ab
•  Serum and Urine
   monoclonal Ab
•  Ganglionic A3 Ach Ab
•  B1 and B2 adrenergic Ab
•  M2 and M3 muscarinic Ab
•  N-type Acetylcholine Ab
•  Paraneoplastic panel

Work-up/treatment
of the condition(s)

Diagnoses include:
•  POTS
•  Fibromyalgia
•  Multiple System Atrophy
•  Parkinson’s Disease
•  Small fiber neuropathy

Cardiovascular Evaluation
•  EKG
•  Echocardiogram
•  Holter monitor
•  Stress Test
•  Tilt table Test

Autonomic Evaluation
•  QSART
•  Catecholamine levels
•  HR variability tests
•  Thermoregulatory sweat test
•  Electromyogram
•  Skin biopsy

Figure 3. Diagnostic algorithm of unexplained dyspnea. Ab= antibody; Ach= acetylcholine;
CBC=complete blood count; CPET=cardiopulmonary exercise testing; CT=computed
tomography; CV=cardiovascular; DLCO=diffusing capacity of the lung for carbon monoxide;
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be of benefit. Patients may qualify
for intravenous immunoglobulin at
400 mg/kg per day for 5 days, yet dosing
recommendations vary, and symptoms may
not improve for 2–3 months (84). Studies
have shown that rituximab at 1 g/kg for two
infusions 2 weeks apart may have a role in
halting the immune system and allowing
nerves to regenerate (84). Depending on the

degree of disease, patients may also qualify
for plasmapheresis to remove
autoantibodies through several sessions
(84). Certain studies have also
recommended corticosteroids,
mycophenolate, azathioprine, and
cyclophosphamide to be used in
conjunction with the above therapies for a
better response (84). It is important to

emphasize that the treatments presented
here are derived from observational reports
in patients with conditions associated with
low-preload states, predominantly
autonomic dysfunction.

Prognosis

The prognosis for patients with low preload as
a cause for dyspnea remains unknown.
Frequent delays in diagnosis and treatment can
lead to significant morbidity and poor quality
of life, as seen in other respiratory conditions
(85). Importantly, studies have shown that
with proper diagnosis of autonomic
dysfunction, treatment, and adequate follow-
up, symptom improvement may be seen, as
described in patients with POTS (86).

Conclusions

Dyspnea of unknown origin may comprise
nearly a fifth of clinical cases in both the
outpatient and inpatient setting. Chronic
low preload as a cause for dyspnea is
underrecognized and has recently gained
prominence through exercise testing. These
patients may have a variety of clinical
conditions that lead to insufficient
cardiovascular venous return, low preload,
and, thereby, insufficient cardiac output
and oxygen delivery. iCPET in the
upright position is the mainstay in
diagnosing chronic low preload in these
patients. Although different mechanisms
can result in inadequate preload, there are
effective supportive therapies and
medications that can offer significant
improvement and symptom relief.
Interdisciplinary management of the
chronic low-preload state is likely to
provide the greatest benefit. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank the
Cleveland Clinic Center for Medical Art and
Photography for their assistance with Figure 2.

Table 2. Therapies for exercise intolerance in low preload states and associated
conditions

Nonpharmacological Pharmacological

d Medication review To increase volume
d Adequate salt intake (10 g daily) d Salt tablets 1–2 g three times a day
d Adequate hydration (3–4 L daily) d Fludrocortisone, 0.1–1 mg
d Rapid water intake before activities
d Head elevation at night (108) To increase sympathetic activity
d Slow postural changes d Midodrine, 2.5–10 mg three times a day
d Avoid prolonged standing
d Avoid warm environments Peripheral cholinesterase inhibitors
d Over-the-knee/waist-high compression d Pyridostigmine, 30 mg two times a day to

60 mg three times a dayd Abdominal binders
d Rebreathing training exercises

To reduce tachycardiad Exercise training (recumbent with slow
progression to upright) d Propranolol, 10–40 mg three times a day

d Counterpressure maneuvers for acute
symptoms

d Ivabradine, 2.5–7.5 mg two times a day

Central adrenergic agents
d Droxidopa, 100–600 mg three times a day
d Methyldopa, 125 mg-250 mg two times a

day
d Clonidine, 0.1–0.2 mg three times a day

Agents for inflammatory/autoimmune
conditions
d IVIG, 400 mg/kg/d for 5 d
d Rituximab, 1 g/kg for two infusions
d Plasmapheresis
d Corticosteroids, mycophenolate,

azathioprine, cyclophosphamide in
conjunction with above therapies

Experimental agents
d Atomoxetine
d Octreotide
d Yohimbine
d Ergotamine
d Pseudoephedrine
d Caffeine
d Erythropoietin

Definition of abbreviation: IVIG= intravenous immunoglobulin.
Most of the presented treatments have been adapted from themanagement of patients with autonomic
dysfunction.

Figure 3. (Continued). EKG=electrocardiogram; GI = gastrointestinal; GU=genitourinary; HR=heart rate; iCPET= invasive CPET; POTS=postural
orthostatic tachycardia syndrome; QSART=quantitative sudomotor axon reflex test; ROS= review of systems; SSa=Sjogren syndrome antigen A;
SSb=Sjogren syndrome antigen B; TSH= thyroid-stimulating hormone; VS= vital signs.
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