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Abstract Exercise is a well-documented, nonpharmacologic treatment for individuals with
autonomic dysfunction and associated orthostatic intolerance, such as postural tachycardia syn-
drome and related disorders. Exercise has been shown to increase blood volume, reverse cardio-
vascular deconditioning, and improve quality of life. Current first-line standard of care
treatment for autonomic dysfunction combines graded approaches to exercise with medications
and lifestyle modifications. However, current exercise rehabilitation protocols for postural
orthostatic tachycardia syndrome contain rigid timelines and progression paradigms that often
threaten tolerability and adherence. In addition, they fail to account for clinical variables poten-
tially critical to care and lack guidance for individualization, limiting accessibility to patients
with co-morbidities that affect exercise appropriateness and safety. Therefore, we introduce an
adaptive approach to exercise prescription for orthostatic intolerance that allows patient-spe-
cific modifications to meet functional goals for a wider spectrum of patients, thus improving
adherence. The proposed approach integrates iterative physiological and symptomatic

List of abbreviations: ANS, autonomic nervous system; bpm, beats per minute; PEM, post exertional malaise; POTS, postural orthostatic
tachycardia syndrome; RPE, rating of perceived exertion.
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assessments to provide flexible, yet structured, exposure to aerobic exercise and strength train-
ing to improve functional capacity and tolerance of daily activities for patients with postural
tachycardia syndrome and related autonomic disorders.

© 2024 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

The autonomic nervous system (ANS) is a complex neural
network that coordinates central (brain and spinal cord) and
peripheral (ganglia and nerves) pathways to regulate invol-
untary (automatic) bodily functions in response to environ-
mental changes and activity. These functions include heart
rate, blood pressure, breathing, pupillary function, diges-
tion, temperature regulation, sweating, and urinary func-
tion." The ANS is further integrated with endocrine,
immune, and behavioral responses to maintain homeostasis.
Symptoms of ANS dysfunction, commonly referred to as dys-
autonomia, arise when one or more of these systems is dis-
rupted. Dysautonomia can result from a wide array of
primary neurogenic disorders (eg, pure autonomic failure
and Parkinson disease), and secondary causes of autonomic
dysfunction (eg, postviral syndromes, systemic autoimmune
conditions, and metabolic disorders).? A hallmark symptom
of dysautonomia and a key contributor to disability, is ortho-
static or exercise intolerance.>® Postural tachycardia syn-
drome (POTS) is perhaps one of the most widely recognized
dysautonomias associated with chronic orthostatic intoler-
ance, which is characterized by symptomatic, excessive
orthostatic tachycardia, often accompanied by symptoms of
multisystemic autonomic dysfunction.”"°

Broadly speaking, clinical management of autonomic dys-
function, including POTS, includes a combination of pharma-
cologic and nonpharmacologic interventions that focus on
symptom targeted care.'""'> Comprehensive management
often requires collaboration across multiple health care dis-
ciplines because of the broad spectrum of clinical
manifestations.'"”'* Current literature supports the use of
cardiovascular exercise as a cornerstone of nonpharmaco-
logic intervention.® %>

Most published therapeutic exercise protocols for POTS
and related chronic orthostatic intolerance® %" include
a combination of strength training (focusing on lower
extremities and core muscles) and graded cardiovascular
exercise to gradually improve gravitational (upright) toler-
ance over time. Such programs typically begin with supine
or recumbent aerobic and strengthening activities and grad-
ually progress toward more upright modes of exercise over
time. Despite the recommendation of exercise for patients
with autonomic dysfunction, reported adherence or comple-
tion rates for established protocols can be well below
50%.>''¢ Reasons for poor adherence with exercise protocols
include interference by hospitalizations, lack of access to
equipment, perception that the program is too difficult,
post exertional malaise (PEM), fear of physical activity
(kinesiophobia), pain, or other comorbid medical
conditions.”*'® In addition, patients often attempt to
engage exercise on their own, whereas referral to physical
therapy has been shown to result in the most appropriate or
better individualized prescriptions for intensity, duration,
mode of exercise, and body mechanics.'® Finally, there are a

number of co-morbidities that commonly occur with POTS,
along with other conditions associated with chronic ortho-
static intolerance, many of which can affect participation,
recommended approach, and response to exercise.'%"%4®

Clinically, the heterogenous nature of autonomic dys-
function, spectrum of co-morbidities, and the oftentimes
limited tolerability of rigidly scheduled progression para-
digms represent critical limitations for the currently
accepted graded exercise programs commonly used for
POTS treatment. Furthermore, existing programs do not
consider current functional status, individual functional
goals, access to specific equipment, or relevant co-morbid-
ities that affect exercise responses. These factors should be
considered when prescribing an exercise program to improve
adherence, engagement, tolerability, and overall effect.
There is growing interest in physiologically informed, per-
sonalized exercise prescriptions, with the potential to
improve long-term health outcomes over standard methods
alone.*>2

Key conceptual advances

To address these needs, we propose a series of conceptual
advances to improve current approaches to autonomic reha-
bilitation. Drawing from existing standards in exercise
physiology and rehabilitation science,®® we suggest 4 key
advances with the purpose of making autonomic rehabilita-
tion more individually driven and adaptable to patient needs
and physiological responses to activity (fig 1), as follows: (1)
Comprehensive evaluation, composed of physiological and
functional metrics to inform exercise prescription and reha-
bilitation goals, while screening for barriers and appropri-
ateness of exercise therapy paired with serial re-
assessments; (2) Individualized program entry and initial
exercise prescription; (3) Patient-driven criteria to advance
within the program, including progression within each stage,
and transition between modes of exercise (eg, progression
of heart rate target zone within current exercise mode; and
transition from supine to upright mode of exercise); and (4)
Adaptation to patient needs, including consideration of
intervals of work and rest, modifying to account for equip-
ment factors, etc. (see fig 1).

Although this approach is framed around previously pub-
lished exercise protocols for POTS treatment,®'* "% which
are currently widely used; these 4 conceptual advances are
not currently included in existing protocols and have the
potential to address weaknesses of existing approaches,
while broadening the application of adaptive therapeutic
exercise to this clinical context. These principles are incor-
porated into a novel exercise program, the Utah Autonomic
Disorder adaptive Physical Therapy (ADaPT) program, which
is currently undergoing formal clinical validation data to be
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published separately. The purpose of this manuscript is to
introduce the aforementioned core conceptual advances
and their rationale, illustrating gaps and opportunities to
advance rehabilitation for POTS and related disorders of
chronic orthostatic intolerance.

Methods and rationale

Building on current standard of care approaches to
autonomic rehabilitation

Existing literature outlining exercise rehabilitation for POTS
and related autonomic disorders is based on several core
tenants, as follows: (a) initial utilization of supine or recum-
bent positioning for training, while gradually introducing
gravitational challenge®'*'®'7; (b) combination of aerobic
and strength training to reverse or prevent cardiovascular
deconditioning while building a healthy biomechanical foun-
dation of movement for injury prevention'*'; and (c) regu-
lar, near-daily activity to improve and maintain activity
tolerance, typically requiring 3 or more sessions per
week.® 41618 programs of this nature are typically built
around training in 4 cardinal body positions (supine, recum-
bent, seated, and upright), shown in fig 1, around which
exercise prescriptions (program entry and transitions) can
be oriented. Building on these core tenants and graduated
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Conceptual advances. (1) Comprehensive evaluation; (2) individualized program entry; (3) patient-driven criteria to

progression through body positions, we suggest the following
conceptual advances to move toward an adaptable model:

Conceptual principle #1: comprehensive evaluation

A key challenge with the established graded exercise proto-
cols for POTS is the lack of flexibility to meet the needs of
these often medically complex patients.®'*"®'” A compre-
hensive program should provide parameters for clinical deci-
sion-making throughout, providing the clinician flexibility
and guidance in prescribing appropriate exercise frequency,
intensity, and dosage. Furthermore, based on published con-
sensus statements,'" and our experience drawing on collec-
tive expertise across a variety of disorders associated with
chronic orthostatic intolerance, including POTS and its com-
monly related comorbid conditions, it is clear that exercise
rehabilitation must also consider relevant comorbid or con-
tributing conditions when approaching exercise prescrip-
tions.

We propose to accomplish this through a multidimen-
sional assessment at program initiation and at intervals
throughout the program (table 1),°*7“ allowing for thera-
pist-led selection of tools directed at the quantification of
baseline symptom burden and function, which can be used
to guide exercise dosage (position, intensity, and duration)
and progression over time. Such an approach is generally
intended to be led by a physical therapist using common car-
diovascular and strengthening equipment available in most
outpatient clinics, with re-evaluation and follow-up
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Table 1

Examples* of useful tools for symptomatic, physiological, and functional assessments to guide autonomic rehabilitation.

Assessment Tools

Symptom evaluation®
e Postexertional malaise screening® >’

e Dizziness handicap inventory>®

e Top 3 worst symptom ratings and visual analog scale®

e Orthostatic symptoms questionnaires, developed for orthostatic hypotension, though have been modified

for use in orthostatic intolerance syndromes
t61-63

Physiological testing Orthostatic testing—active stand tes

Hypermobility screening®*

cardiopulmonary exercise testing®®®°

Functional assessment e Patient-specific functional scale”’
e 6-min walk test”"-"2
e 5 x sit to stand’>7*

59,60

Neurologic examination for peripheral neuropathy or small fiber neuropathy®’(ref)
Submaximal or maximal exercise testing such as: Buffalo concussion treadmill test,®® Buffalo bike test,®’

" Very few disease-specific symptom assessment tools have been validated for this use. Thus, the suggested tools focus on disability driv-
ing symptoms, rather than disease-specific metrics, and selection may vary based on a therapist’s expertise and patient’s needs.

assessments timed according to usual treatment schedules.
This allows for both the patient and clinician to monitor for
negative effects of exercise, so that a safe and tolerable
exercise regimen can be established (see below for further
discussion on tolerability of exercise) (table 1).

Screening for tolerability. The graded exercise program con-
cepts reviewed here, including previously published exercise
protocols for POTS,>'*"®' focus on the treatment of
patients with chronic orthostatic intolerance who can pre-
sumably tolerate low to moderate steady state exercise
without significant symptom increases. However, certain
types of exercise may not be appropriate for all patients
with autonomic symptoms. One such factor that must be
considered is PEM, often associated with myalgic encephalo-
myelitis/chronic fatigue syndrome. The PEM is an exacerba-
tion of symptoms after minimal cognitive, emotional, or
physical activity,”” and can occur in conjunction with chronic
activity intolerance and symptoms of dysautonomia.
Although exercise therapies are relatively well-studied for
patients with POTS, optimal dosing and progression parame-
ters for therapeutic exercise for patients with orthostatic
intolerance associated with significant PEM requires further
investigation.?”>’®’8 Concerns regarding the potential for
long-term consequences resulting from exacerbating activi-
ties (such as cardiopulmonary exercise) for individuals with
myalgic encephalomyelitis/chronic fatigue syndrome has
been introduced;”®%%8" however, these assertions require
further investigation to better understand the underlying
mechanisms, and to what extent exercise with a pacing
approach can be safely used. In our experience, many
patients may be able to effectively minimize the effect of
mild to moderate symptom exacerbation related to exercise
by entering an exercise program at a very low dose, both in
intensity and duration, though those with significant postex-
ercise related symptoms may be best served by focusing on
principles of energy conservation®?®® (described further
below).

With these considerations in mind, we recommend symp-
tom screening tools to screen for PEM and alert the therapist
to use caution when prescribing cardiopulmonary exercise.

Based on our experience and established myalgic encephalo-
myelitis/chronic fatigue syndrome literature, we suggest a
preconditioning state (see fig 1) for patients with marked
symptom exacerbation who are working toward building tol-
erance to a 20-minute bout of supine or recumbent exer-
cise.>® Techniques such as pacing or fatigue management,
functionally-driven range of motion and strengthening,
vision or vestibular therapies (as indicated by examination),
manual therapy for pain mitigation, and down regulatory
strategies (breathing, meditation, and counterpressure
maneuvers) should be considered in the formulation of a
comprehensive treatment plan.?* A detailed overview of
these principles is beyond the scope of this article, though
expert reviews can be found elsewhere.?%°

Serial physiological and functional assessments. Physiological
testing can be used to evaluate individual cardiovascular
responses to active standing and exercise, including heart
rate response to exertion, recovery, and correlated exer-
tional ratings with heart rate increases.®’*®* These physio-
logical parameters may be useful to monitor and guide entry
into, and progression throughout, exercise. Orthostatic vital
signs are a widely used, and are a simple assessment of heart
rate responses to standing.®'"®* Similarly, exertional testing,
such as the buffalo concussion treadmill test®® (or the corre-
sponding modified bike test)*’ might also be used to semi-
quantitatively evaluate baseline and follow-up physiological
responses to exercise in the upright or seated position and
determine readiness for walking (or seated biking) based
exercise, 588

Determination of intensity. We propose that a patient’s indi-
vidual heart rate (or rate of perceived exertion, RPE) in
each body position might be useful to parameterize the
intensity and progression of exercise for a particular body
position. Using this approach, prescription of exercise inten-
sity can be derived by using resting heart rate (taken after
3-5 min) in the intended body position (eg, supine, recum-
bent, seated, and upright) as the starting point to determine
target workload. In addition, RPE (scored on a 0-10 scale for
ease of patient-led use), can be used as an added dosing
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Able to perform sessions with minimal
symptom increase during or after exercise*

Builds up to 20 minutesin heart rate/RPE
target zone while maintaining workload

Completes criteria A and B for a minimum of
3 training sessionsin a row

*avoids causing an increase of greater than 3 out of 10 points on the VAS
i for any particular baseline symptom

Fig2 ABC’s. Three key concepts to guide assessment of readi-
ness to progress intensity of exercise (heart rate or rate of per-
ceived exertion target zone) within a patient’s current stage
(mode of exercise or body position).

target for activity in a given body position. The RPE provides
the advantage of being independent of heart rate, which
may be useful for patients where heart rate responses are
altered or unreliable, such as those who are on medications
that blunt heart rate responses to activity (eg,
B-blockers).5%%°

Based on this model of using patient-specific metrics
(heart rate or RPE) to guide selection of a training intensity,
we suggest identifying a position-specific target zone at
which each patient would initiate exercise. In our experi-
ence, exercise that generates a heart rate of 15-20 beats
per minute (bpm) above their baseline resting heart rate in
their starting position (eg, supine, recumbent seat, upright
bike, etc) serves as an appropriate training target zone.
Alternatively, targeting a 2 out of 10 RPE (very light effort)
has also served as a well tolerated target zone for initiating
exercise at an intensity that maintains the goal of training
below the usual threshold of significant symptom exacerba-
tion (defined below and in fig 2).

Prespecified criteria can then be used to help guide the
therapist and patient when to increase intensity (ie, transi-
tion to a higher heart rate or RPE target zone) within a given
body position, while minimizing the risk of overtraining,
which can lead to set-backs (eg, missed days of training
because of prolonged postexercise related symptom exacer-
bation). We propose the following criteria (ABCs) as helpful
guides to identify when a patient is ready to progress the
intensity of aerobic exercise (heart rate/RPE zone) within
their current mode (body position) (see fig 2): Able to per-
form sessions with minimal symptom increase during or after
exercise (eg, avoids causing an increase of greater than 3
out of 10 points on a visual analog scale for any particular
baseline symptom); Builds up to a minimum of 20 minutes in
heart rate/RPE zone without need to manipulate workload
(eg, does not need to speed up or slow down dramatically to
control heart rate response); Completes criteria A and B for
a minimum of 3 times per week (or 3 training sessions in a
row). These ABCs are considered during each instance of
aerobic exercise prescription throughout the program. As
described above, the aerobic exercise prescription adjust-
ments, also guide strength training prescription and progres-
sion; meaning, strength training is to be performed in the
same body position and intensity as aerobic exercise and

should not progress until the patient meets their aerobic
ABCs first (see fig 2).

Conceptual principle #2: individualized program entry
Existing standards in POTS exercise treatment® "7 utiliz-
ing gradual exposure to cardiovascular stress are thought to
help re-establish appropriate interplay between the sympa-
thetic and parasympathetic nervous system functions, lead-
ing to improved cardiovascular autonomic responses to daily
activities.""7>"® A critical feature of this approach is to
begin with activity (position and intensity) that generates
effort at a threshold that is below that which markedly
increases symptoms (ie, select an intensity or position for
exercise at a sub-symptom threshold). However, existing
programs generally lack patient-specific assessments to
guide selection of initial body position and dosage.

Program entry and transition to maintenance. In our experience,
the body position in which a patient enters an exercise pro-
gram is best determined by a combination of the patient’s
subjective report of symptoms, medical history, functional
goals, and results of vital signs as introduced above (see fig
1; table 1). All patients should be biomechanically assessed
for injury risk at entry, with any deficits in the kinetic chain
added to the plan of care. Available modes of exercise
should be taken into consideration. Ideally, this is facilitated
by referral to a physical therapist for semi-supervised
rehabilitation.'®

Although fig 1 illustrates 4 progressive positions (or
modes) for exercise, it is not required that each patient
begin in supine and sequentially work through each position
to end in upright activity. Rather, standardized evaluations
—such as symptom, physiological, and functional assess-
ments (table 1)—might be used as guides to help identify
the most appropriate starting body position and exercise
intensity for each patient. Similarly, patients can enter a
maintenance program at any position that aligns best with
their functional or fitness goals and physical capabilities. For
example, a patient may be able to achieve tolerable exer-
cise for maintenance using upright stationary cycling, but
co-morbidities (eg, hypermobility related arthralgia) or
environmental challenges (eg, climate) may preclude them
from progressing to a walking program. In this scenario, the
patient would transition to a maintenance (or interval-
based) program consisting of stationary cycling as the mode
of exercise, skipping walking, with the option to initiate
interval training in a seated posture (see conceptual princi-
ple #4 for more regarding the role of interval training).

Finally, most patients will reach a stage where transition
to a maintenance program will be both physiologically and
functionally appropriate. We have considered patients ready
to enter a maintenance phase when they can achieve at
least 20-30 minutes of exercise that is between 65%-75% of
their age expected heart rate maximum without symptom
exacerbation for a minimum of 3 days per week. This is in
keeping with previous authors’ suggested initial goal of 20
minutes of cardiovascular aerobic activity at least 3 days per
week."®°" This recommendation also aligns with the current
American College of Sports Medicine’s Guidelines for Exer-
cise Prescription®? of ~150 minutes of moderate intensity
exercise per week (eg, 30 min 3 x /wk of aerobics and
30 min 2 x /wk of strength training). However, in our
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experience, consistency is key; thus, whenever possible, we
recommend working toward a goal of exercising 4 to 5 days
per week to minimize periods of inactivity.

Conceptual principle #3: patient-driven criteria to
advance

Progression and transitions. To introduce gradual increases in
gravitational challenge through each body position, the
patient must first be able to build endurance in their current
body position (according to the ABCs outlined above; see fig
2). Once a patient has been able to enter the exercise pro-
gram and achieve tolerable exercise intensity in their start-
ing body position (adhering to their heart rate/RPE target
zone), as described above, the next step is to gradually prog-
ress their heart rate (or RPE) target zone upward to prepare
to transition to the next, more upright, body position. To do
this, we suggest increasing the heart rate target zone by
increments of 5 bpm (ie, 90-95 bpm progresses to 95-100
bpm) or increasing by 1 RPE level, which can be completed 3
to 5 times (until satisfying the ABC criteria) before consider-
ing transition to the next more upright body position—work-
ing toward tolerable exercise within a target zone of 30-35
bpm above the resting heart rate in that position or an RPE
of 5 out of 10 (moderate intensity). Using this strategy, the
time that patients will spend in each body position is depen-
dent on their ability to meet the criteria of duration, work-
load, and tolerance. Basing criteria to progress within each
stage on patient-specific parameters and response, rather
than a set duration, allows for an individualized exercise
prescription for each patient.

Beyond orthostatic heart rate responses and RPE, we
have found exertional testing (table 1) to be a helpful way
to provide individualized assessment of tolerance to specific
body positions. In our experience, submaximal exercise test-
ing,”* as opposed to maximal exercise testing,®® provides a
good balance between technical complexity (eg, widely
accessible equipment), ability to identify clinically relevant
tolerability thresholds (heart rate or RPE based training tar-
get zones) for prescription of exercise dosing, and tolerabil-
ity for this patient population. Such testing might be
particularly useful in determining readiness for the transi-
tion from seated exercise to walking.®*®® For example, the
buffalo concussion treadmill test®® was developed to per-
form to failure, or more specifically, symptom increase by
more than 3 out of 10 points on a visual analog scale, an RPE
of 19/20, or achievement of 85% age expected maximum.®*
Analogously, the buffalo concussion bike test®” performs sim-
ilar parameters within a recumbent or seated position. When
prescribing individualized graded exercise prescriptions,
baseline, and follow-up submaximal exercise testing (tread-
mill or bike based) might be useful as a clinical decision-
making aid by helping to determine a patient’s readiness for
seated or standing upright exercise. In this application, once
the patient is able to complete the first minute (stage) of
the submaximal exercise test protocol at a heart rate that is
below their prescribed heart rate (or RPE) target zone in
that position, they might be considered ready to transition
to seated bike or walking (depending on the position evalu-
ated) using the 20-minute recommended initial duration as
a guide. This type of testing is also helpful for assessing
heart rate recovery kinetics, and when completed during

follow-up sessions, could be used to semi-objectively evalu-
ate for evidence of improved cardiovascular autonomic
response to exercise or readiness for transition to interval
training, as described in further detail below.

Role of strength training in autonomic rehabilitation. As in previ-
ously published protocols for POTS,*'*'¢"7 the staged
approach to aerobic training discussed above is ideally
paired with strength training at least 2 nonconsecutive days
per week to avoid muscle injury and overuse. We, and
others, ' focus on strengthening exercises using the same
body position as is used during cardiovascular exercise (see
fig 1). In a patient with reduced tolerance to repetitive
motions, circuit training exercises may be used to build car-
diovascular tolerance in the preconditioning stage. As exer-
tional tolerance improves, a goal of 15-20 minutes (in
addition to cardiovascular training) of strengthening exer-
cises are recommended at the sub-symptom threshold,
which should generally be performed at an intensity that
remains below the patient’s current target heart rate and
RPE for cardiovascular training.

In this context, strengthening exercises should generally
target core and lower limb muscles to improve intrinsic mus-
cle pump function through stronger contractions' and rest-
ing tone. Per our clinical experience, compound (multijoint)
strength exercises are recommended to incorporate larger
and more complex muscle groups, rather than isolated repe-
titions of small muscle groups (eg, bridges or squats, rather
than straight leg raises) as these may serve to reduce the
overall burden of minutes of exercise and improve tolerabil-
ity.”> Generally speaking, 2-3 sets of 10-12 repetitions are
recommended.®? However, individualization is of particular
importance.

Conceptual principle #4: adaptation to patient needs and

context

A key element of an exercise prescription for POTS and
related disorders is the determination of the starting body
position and criteria for transition to new modes (more
upright body positions) of exercise. For those with significant
deconditioning or complex medical history, we propose the
use of a low starting intensity on the RPE scale (rather than
using a heart rate driven target), which can help to orient
intensity around symptom-related responses to exercise.
This approach may be particularly helpful in patients with
significant non-PEM related fatigue, joint pain/hypermobil-
ity, postural instability, dizziness, shortness of breath,
tachycardia, and/or chest pain.

After a period of inactivity, patients may have difficulty
resuming their previous position and intensity of exercise. In
this event, physiological re-assessment, as outlined in table
1, might again be helpful to re-assess starting position and
intensity for patients who have resumed exercise after a
period of inactivity. Temporary periods of inactivity can
occur for a variety of reasons, and previous protocols have
reported that missing as few as 2 or 3 consecutive days of
aerobic conditioning may lead to regressions.’* As a starting
point, some authors suggest that if a patient is unable to
resume exercise in their previously tolerated body position,
re-entry might be attempted using a previous training posi-
tion (ie, if the patient previously tolerated seated exercise,
then re-entry might then be attempted using recumbent
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activity). We propose that physiological assessments might
also be helpful to guide re-entry, including exercise intensity
and body position as outlined above.

A commonly reported factor that may limit a patient’s
progression through graded exercise programs is a lack of
access to necessary equipment required by the program.’®
While purchasing gym memberships, borrowing equipment,
and buying second-hand equipment is preferred, it is not
always possible. If this is the case, physical therapists may
support patients to skip or adapt a particular stage. For
example, a patient may have easier access to an upright
bike versus a recumbent bike. This patient may benefit from
modifications to the equipment (eg, a chair in front or back
of an upright bike to replace a recumbent bike), or working
with their therapist toward a slower transition between
supine and upright (bike) exercise sessions. Finally, a patient
may self-report a desire to remain in their current body pos-
ture for a longer period, perhaps because of a preferred
activity. In our experience, this commonly occurs between
seated exercise and walking, when patients may opt to
remain with seated activity because of personal preference
or available equipment. We believe this remains a beneficial
option, as continued (maintenance) exercise in this body
position can still assist in maintaining and improving activity
tolerance in daily life.

Finally, given the predefined scope of existing exercise
programs for dysautonomia and POTS, the myriad of co-mor-
bidities and their functional affects are not always
accounted for by a simple cardiovascular and strength train-
ing program. To this effect, we encourage clinicians to con-
sider additional assessments and referrals to meet individual
rehabilitation needs as clinically indicated. Given the preva-
lence of comorbid migraine or potential for postviral or head
trauma related triggering of POTS and related chronic ortho-
static intolerance, dizziness may originate from a variety of
nonorthostatic origins; in such cases, patients may benefit
from visual, vestibular, and orthopedic examination to
address visual complaints or dizziness related to motion
intolerance. Clinicians are also encouraged to promote addi-
tional nonpharmacological strategies as appropriate, such as
volume expansion (water intake and sodium supplementa-
tion) and compression with exercise, as one portion of a mul-
tifaceted approach to recovery.'#"®

Role of interval training in autonomic rehabilitation. Another
often overlooked tool for progression, which is somewhat
conceptually buried amid current POTS-targeted exercise
protocols,'® is the use of interval training. In our experience,
this approach first appears in the preconditioning phase in a
modified low-intensity sense, where short bouts of low to
moderate intensity exercise might be alternated with peri-
ods of rest to gradually build endurance toward tolerating a
20 minute bout of steady state effort (eg, preconditioning as
in fig 1).%°=%° Intervals, using true work and recovery sets
might also be helpful later in the program, once patients
reach the ability to achieve short-term heart rate recovery,
to further challenge the ANS responses to exercise and
enhance endurance (eg, adaptation as in fig 1). These appli-
cations differ practically from the more widely used high-
intensity interval training in exercise science to improve car-
diac and overall athletic performance,® though are used
here in these modified forms for similar goals. Thus, we

propose the use of interval training—specifically of work
and rest or recovery sets that are based on a patient’s
response to exercise within a prescribed body position—as
another potentially adaptive feature of exercise rehabilita-
tion for autonomic disorder.'®

As noted above, alternation of rest and work sets can be
particularly helpful in cases where steady state exercise is
limited by physical deconditioning or severe orthostatic
intolerance. In this setting in particular, we suggest that the
duration and ratio of work and recovery sets can be tailored
to individual clinical metrics (heart rate, RPE, and symptoms
of exercise intolerance) and adjusted as progress is made.
Depending on the level of disability, work sets can be as
short as 10-30 seconds if needed, with double the amount of
time for recovery.

In addition, to aiding in initial phases of rehabilitation,
interval training may also help with transitioning to the
higher-intensity and longer duration activities that are out-
lined in the adaptive progression criteria (see fig 2 ABCs)
described above. As cardiovascular training ensues, heart
rate control generally improves,'®" which enables progres-
sion toward longer durations of steady state activity and
higher-intensity intervals. Specifically, we recommend con-
sidering more conventional approaches to interval training
once patients are able to achieve an exercise threshold and
capacity for heart rate recovery that allows for a difference
of 20 bpm (or more) between work and recovery intervals.
At this phase, consider starting interval training 1-2 x /
week, alternating with slightly lower intensity steady state
exercise sessions within the prescribed body position (see fig
1).

Building on our experience and common applications of
conventional interval training methods, we recommend first
prescribing intervals in a 1:1 ratio, using a 3-5-minute dura-
tion for the work and recovery intervals (somewhat longer
than those typically used in high-intensity interval training).
As noted above, a work set can be as short as 30 second and
as long as 5 minutes, though keep in mind that the recovery
interval duration may be dictated by the duration necessary
for a patient’s heart rate to recover toward baseline, signal-
ing readiness to engage the next work set.'®>'% If well tol-
erated, this can build to a more conventional 2:1 ratio with
longer work sets. In our experience, this duration and ratio
appear to allow sufficient time for the ANS to respond and
stabilize before transitioning between work or recovery tar-
get zones. More directed investigation is needed to define
the precise prescription for work or recovery intervals and
duration of sets that is most physiologically appropriate for
this setting.

Conclusions

In summary, drawing from published protocols®'*'®"” and
existing standards in exercise physiology and rehabilitation
science, we propose 4 key conceptual for future consider-
ation in rehabilitation programs for POTS and related disor-
ders: (1) comprehensive evaluation; (2) individualized
program entry; (3) patient-driven criteria to advance; and
(4) adaptation to patient needs. The use of physiologically
informed and patient-driven metrics to guide and adapt
exercise prescription in this setting has the potential to
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improve adherence, engagement, tolerability, and overall
functional improvement.

Effect statement

Cardiovascular exercise is a cornerstone of nonpharmaco-
logic management for individuals with autonomic dysfunc-
tion. Despite these benefits, current established exercise
protocols have adherence rates below 50%. We propose 4
conceptual principle that fill gaps in existing exercise proto-
cols for these disorders, setting the stage for the develop-
ment of adaptive exercise protocols that consider patient-
driven and physiologically guided exercise prescription.

Corresponding author

Melissa M. Cortez, DO, Department of Neurology, University
of Utah, 729 Arapeen Dr., Salt Lake City, UT 84112. E-mail
address: melissa.cortez@hsc.utah.edu.

Disclosure

L.Z. has received payment for a Continuing Education Unit
course on dysautonomia from the American Physical Therapy
Association - Neurologic Specialty Section, financial support
for travel related to autonomic presentations. T.C. has
received consultation fees from Argenx Pharmaceuticals and
Regeneron Pharmaceuticals, and research funding from Dys-
autonomia International. M.C. has received research funding
from the National Institutes of Health National Institute of
Neurological Disorders and Stroke (K23NS105920 and
R61NS125153; not related to this manuscript) and Dysauto-
nomia International. The other authors have nothing to dis-
close.

Acknowledgments

We would like to thank Janene Holmberg DPT, Jon Pertab
PhD, Kate Minick DPT PhD, Karen Procino PT, Clayton Powers
PT, Charity Wright MS, and Rhonda Taubin MD for their
investment in exercise rehabilitation for postural orthostatic
tachycardia syndrome and related autonomic disorders,
including the many hours spent brainstorming about patient
care together, and their collective clinical wisdom imparted,
throughout the development of this work and the Utah Auto-
nomic Disorder adaptive Physical Therapy (ADaPT) program.

References

1. Benarroch EE. Physiology and pathophysiology of the auto-
nomic nervous system. Continuum (Minneap Minn) 2020;26:12-
24.

2. Goldberger JJ, Arora R, Buckley U, Shivkumar K. Autonomic
nervous system dysfunction: JACC focus seminar. J Am Coll
Cardiol 2019;73:1189-206.

3. Shibata S, Fu Q, Bivens TB, Hastings JL, Wang W, Levine BD.
Short-term exercise training improves the cardiovascular
response to exercise in the postural orthostatic tachycardia
syndrome. J Physiol 2012;590:3495-505.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Eftekhari H, Maddock H, Pearce G, et al. Understanding the

future research needs in postural orthostatic tachycardia syn-
drome (POTS): evidence mapping the POTS adult literature.
Auton Neurosci 2021;233:102808.

. FuQ, VanGundy TB, Galbreath MM, et al. Cardiac origins of the

postural orthostatic tachycardia syndrome. J Am Coll Cardiol
2010;55:2858-68.

. Gibbons CH, Silva G, Freeman R. Cardiovascular exercise as a

treatment of postural orthostatic tachycardia syndrome: a
pragmatic treatment trial. Heart Rhythm 2021;18:1361-8.

. Benarroch EE. Postural tachycardia syndrome: a heteroge-

neous and multifactorial disorder.

2012;87:1214-25.

Mayo Clin Proc

. Low PA, Sandroni P, Joyner M, Shen W-K. Postural tachycardia

syndrome (POTS). J Cardiovasc Electrophysiol 2009;20:352-8.

. Johnson JN, Mack KJ, Kuntz NL, Brands CK, Porter CJ, Fischer

PR. Postural orthostatic tachycardia syndrome: a clinical
review. Pediatr Neurol 2010;42:77-85.

Raj SR, Guzman JC, Harvey P, et al. Canadian Cardiovascular
Society position statement on postural orthostatic tachycardia
syndrome (POTS) and related disorders of chronic orthostatic
intolerance. Can J Cardiol 2020;36:357-72.

Vernino S, Bourne KM, Stiles LE, et al. Postural orthostatic
tachycardia syndrome (POTS): state of the science and clinical
care from a 2019 National Institutes of Health Expert Consen-
sus Meeting - Part 1. Auton Neurosci 2021;235:102828.

Raj SR, Bourne KM, Stiles LE, et al. Postural orthostatic tachy-
cardia syndrome (POTS): priorities for POTS care and research
from a 2019 National Institutes of Health Expert Consensus
Meeting — Part 2. Auton Neurosci 2021;235:102836.

Miranda NA, Boris JR, Kouvel KM, Stiles L. Activity and exercise
intolerance after concussion: identification and management
of postural orthostatic tachycardia syndrome. J Neurol Phys
Ther 2018;42:163-71.

Fu Q, Levine BD. Exercise and non-pharmacological treatment
of POTS. Auton Neurosci 2018;215:20-7.

Sheldon RS, Grubb BP, Olshansky B, et al. 2015 heart rhythm
society expert consensus statement on the diagnosis and treat-
ment of postural tachycardia syndrome, inappropriate sinus
tachycardia, and vasovagal syncope. Heart Rhythm 2015;12:
e41-63.

George SA, Bivens TB, Howden EJ, et al. The international
POTS registry: evaluating the efficacy of an exercise training
intervention in a community setting. Heart Rhythm
2016;13:943-50.

Leddy JJ, Kozlowski K, Donnelly JP, Pendergast DR, Epstein LH,
Willer B. A preliminary study of subsymptom threshold exer-
cise training for refractory post-concussion syndrome. Clin J
Sport Med 2010;20:21-7.

Wheatley-Guy CM, Shea MG, Parks JK, et al. Semi-supervised
exercise training program more effective for individuals with
postural orthostatic tachycardia syndrome in randomized con-
trolled trial. Clin Auton Res 2023;33:659-72.

Bagai K, Song Y, Ling JF, et al. Sleep disturbances and dimin-
ished quality of life in postural tachycardia syndrome. J Clin
Sleep Med 2011;7:204-10.

Mathias CJ, Owens A, lodice V, Hakim A. Dysautonomia in the
Ehlers-Danlos syndromes and hypermobility spectrum disor-
ders-With a focus on the postural tachycardia syndrome. Am J
Med Genet C 2021;187:510-9.

DiBaise JK, Harris LA, Goodman B. Postural tachycardia syn-
drome (POTS) and the Gl tract: a primer for the gastroenterol-
ogist. Am J Gastroenterol 2018;113:1458-67.

Bryarly M, Phillips LT, Fu Q, Vernino S, Levine BD. Postural
orthostatic tachycardia syndrome: JACC focus seminar. J Am
Coll Cardiol 2019;73:1207-28.

Chelimsky G, Chelimsky T. The gastrointestinal symptoms pres-
ent in patients with postural tachycardia syndrome: a review


mailto:melissa.cortez@hsc.utah.edu
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0001
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0001
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0001
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0002
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0002
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0002
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0003
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0003
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0003
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0003
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0004
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0004
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0004
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0004
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0005
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0005
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0005
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0006
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0006
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0006
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0007
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0007
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0007
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0008
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0008
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0009
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0009
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0009
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0010
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0010
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0010
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0010
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0011
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0011
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0011
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0011
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0012
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0012
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0012
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0012
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0013
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0013
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0013
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0013
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0014
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0014
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0015
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0015
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0015
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0015
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0015
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0016
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0016
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0016
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0016
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0017
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0017
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0017
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0017
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0018
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0018
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0018
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0018
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0019
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0019
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0019
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0020
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0020
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0020
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0020
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0021
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0021
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0021
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0022
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0022
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0022
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0023
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0023

Adaptive Exercise Rehabilitation for POTS

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44.

of the literature and overview of treatment. Auton Neurosci
2018;215:70-7.

Bonamichi-Santos R, Yoshimi-Kanamori K, Giavina-Bianchi P,
Aun MV. Association of postural tachycardia syndrome and
Ehlers-Danlos syndrome with mast cell activation disorders.
Immunol Allergy Clin North Am 2018;38:497-504.

Bae H-J, Cheon S-M, Kim JW. Autonomic dysfunctions in par-
kinsonian disorders. J Mov Disor 2009;2:72-7.

Shoenfeld Y, Ryabkova VA, Scheibenbogen C, et al. Complex
syndromes of chronic pain, fatigue and cognitive impairment
linked to autoimmune dysautonomia and small fiber neuropa-
thy. Clin Immunol 2020;214:108384.

Okamoto LE, Raj SR, Peltier A, et al. Neurohumoral and hae-
modynamic profile in postural tachycardia and chronic fatigue
syndromes. Clin Sci (Lond) 2012;122:183-92.

Qubty W, Kedia S. Dizziness and orthostatic intolerance in
pediatric headache patients. Semin Pediatr Neurol
2016;23:71-8.

Merola A, Romagnolo A, Comi C, et al. Prevalence and burden
of dysautonomia in advanced Parkinson’s disease. Mov Disord
2017;32:796-7.

Shibao C, Arzubiaga C, Roberts LJ, et al. Hyperadrenergic pos-
tural tachycardia syndrome in mast cell activation disorders.
Hypertension 2005;45:385-90.

Heyer GL, Fedak EM, LeGros AL. Symptoms predictive of pos-
tural tachycardia syndrome (POTS) in the adolescent headache
patient. Headache 2013;53:947-53.

Reynolds GK, Lewis DP, Richardson AM, Lidbury BA. Comorbid-
ity of postural orthostatic tachycardia syndrome and chronic
fatigue syndrome in an Australian cohort. J Intern Med
2014;275:409-17.

Loavenbruck A, Iturrino J, Singer W, et al. Disturbances of gas-
trointestinal transit and autonomic functions in postural ortho-
static tachycardia syndrome. Neurogastroenterol Motil
2015;27:92-8.

Thieben MJ, Sandroni P, Sletten DM, et al. Postural orthostatic
tachycardia syndrome: the Mayo clinic experience. Mayo Clin
Proc 2007;82:308-13.

Goldstein DS. Dysautonomia in Parkinson disease. Compr Phys-
iol 2014;4:805-26.

Gjone H, Wyller VB. Chronic fatigue in adolescence—auto-
nomic dysregulation and mental health: an exploratory study.
Acta Paediatr 2009;98:1313-8.

Hoad A, Spickett G, Elliott J, Newton J. Postural orthostatic
tachycardia syndrome is an under-recognized condition in
chronic fatigue syndrome. QJM 2008;101:961-5.

Carod-Artal FJ. Infectious diseases causing autonomic dysfunc-
tion. Clin Auton Res 2018;28:67-81.

Esterov D, Greenwald BD. Autonomic dysfunction after mild
traumatic brain injury. Brain Sci 2017;7:100.

Mercier LJ, Batycky J, Campbell C, Schneider K, Smirl J,
Debert CT. Autonomic dysfunction in adults following mild
traumatic brain injury: a systematic review. NeuroRehabilita-
tion 2022;50:3-32.

Watari M, Nakane S, Mukaino A, et al. Autoimmune postural
orthostatic tachycardia syndrome. Ann Clin Transl Neurol
2018;5:486-92.

Adler BL, Chung T, Rowe PC, Aucott J. Dysautonomia following
Lyme disease: a key component of post-treatment Lyme dis-
ease syndrome? Front Neurol 2024;15:1344862.

Buryk-lggers S, Mittal N, Santa Mina D, et al. Exercise and
rehabilitation in people with Ehlers-Danlos syndrome: a
systematic review. Arch Rehabil Res Clin Transl
2022;4:100189.

Marques KC, Quaresma JAS, Falcao LFM. Cardiovascular auto-
nomic dysfunction in “Long COVID”: pathophysiology, heart
rate variability, and inflammatory markers. Front Cardiovasc
Med 2023;10:1256512.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Tai FWD, Palsson OS, Lam CY, et al. Functional gastrointestinal
disorders are increased in joint hypermobility-related disor-
ders with concomitant postural orthostatic tachycardia syn-
drome. Neurogastroenterol Motil 2020;32:e13975.

Blitshteyn S, Fedorowski A. The risks of POTS after COVID-19
vaccination and SARS-CoV-2 infection: more studies are
needed. Nat CardioVasc Res 2022;1:1119-20.

Mehr SE, Barbul A, Shibao CA. Gastrointestinal symptoms in
postural tachycardia syndrome: a systematic review. Clin
Auton Res 2018;28:411-21.

Wallman D, Weinberg J, Hohler AD. Ehlers-Danlos syndrome
and Postural tachycardia Syndrome: a relationship study. J
Neurol Sci 2014;340:99-102.

Tuka V, Linhart A. Personalised exercise prescription: finding
the best for our patients. Eur J Prev Cardiol 2020;27:1366-8.
Brickwood K-J, Ahuja KDK, Watson G, O’Brien JA, Williams AD.
Effects of activity tracker use with health professional support
or telephone counseling on maintenance of physical activity
and health outcomes in older adults: randomized controlled
trial. JMIR mHealth uHealth 2021;9:e18686.

LiQ, Cai W, LiY, et al. Effects of a theory-based exercise inter-
vention on physical activity levels and health-related out-
comes in older people with chronic diseases. Geriatr Gerontol
Int 2023;23:78-84.

Zhang Q, Xu B, Du J. Update of individualized treatment strat-
egies for postural orthostatic tachycardia syndrome in chil-
dren. Front Neurol 2020;11:525.

Bland KA, Neil-Sztramko SE, Zadravec K, et al. Attention to
principles of exercise training: an updated systematic review
of randomized controlled trials in cancers other than breast
and prostate. BMC Cancer 2021;21:1179.

Boonstra AM, Schiphorst Preuper HR, Reneman MF, Posthumus
JB, Stewart RE. Reliability and validity of the visual analogue
scale for disability in patients with chronic musculoskeletal
pain. Int J Rehabil Res 2008;31:165-9.

Cotler J, Holtzman C, Dudun C, Jason LA. A brief questionnaire
to assess post-exertional malaise. Diagnostics (Basel, Switzer-
land) 2018;8.

Davenport TE, Chu L, Stevens SR, Stevens J, Snell CR, Van Ness
JM. Two symptoms can accurately identify post-exertional
malaise in myalgic encephalomyelitis/chronic fatigue syn-
drome. Work 2023;74:1199-213.

Davenport TE, Stevens SR, Stevens J, Snell CR, Van Ness JM.
Development and measurement properties of the PEM/PESE
activity questionnaire (PAQ). Work 2023;74:1187-97.

Jacobson GP, Newman CW. The development of the Dizziness
Handicap Inventory. Arch Otolaryngol Head Neck Surg
1990;116:424-7.

Kaufmann H, Malamut R, Norcliffe-Kaufmann L, Rosa K, Free-
man R. The Orthostatic Hypotension Questionnaire (OHQ): val-
idation of a novel symptom assessment scale. Clin Auton Res
2012;22:79-90.

Schrezenmaier C, Gehrking JA, Hines SM, Low PA, Benrud-Lar-
son LM, Sandroni P. Evaluation of orthostatic hypotension:
relationship of a new self-report instrument to laboratory-
based measures. Mayo Clin Proc 2005;80:330-4.

Finucane C, van Wijnen VK, Fan CW, et al. A practical guide to
active stand testing and analysis using continuous beat-to-
beat non-invasive blood pressure monitoring. Clin Auton Res
2019;29:427-41.

Bloomfield DM, Kaufman ES, Bigger JT, Fleiss J, Rolnitzky L,
Steinman R. Passive head-up tilt and actively standing up pro-
duce similar overall changes in autonomic balance. Am Heart J
1997;134:316-20.

Kirbis M, Grad A, Megli¢ B, Bajrovi¢ FF. Comparison of active
standing test, head-up tilt test and 24-h ambulatory heart rate
and blood pressure monitoring in diagnosing postural tachycar-
dia. Funct Neurol 2013;28:39-45.


http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0023
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0023
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0024
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0024
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0024
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0024
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0025
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0025
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0026
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0026
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0026
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0026
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0027
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0027
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0027
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0028
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0028
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0028
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0029
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0029
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0029
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0030
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0030
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0030
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0031
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0031
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0031
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0032
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0032
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0032
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0032
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0033
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0033
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0033
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0033
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0034
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0034
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0034
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0035
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0035
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0036
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0036
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0036
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0037
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0037
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0037
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0038
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0038
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0039
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0039
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0040
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0040
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0040
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0040
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0041
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0041
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0041
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0042
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0042
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0042
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0043
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0043
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0043
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0043
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0044
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0044
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0044
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0044
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0044
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0045
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0045
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0045
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0045
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0046
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0046
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0046
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0047
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0047
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0047
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0048
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0048
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0048
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0049
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0049
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0050
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0050
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0050
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0050
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0050
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0051
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0051
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0051
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0051
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0052
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0052
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0052
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0053
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0053
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0053
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0053
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0054
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0054
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0054
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0054
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0055
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0055
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0055
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0056
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0056
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0056
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0056
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0057
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0057
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0057
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0058
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0058
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0058
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0059
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0059
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0059
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0059
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0060
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0060
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0060
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0060
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0061
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0061
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0061
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0061
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0062
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0062
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0062
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0062
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0063

10

L. Ziaks et al.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Assessment of hypermobility. In: Beighton P, Grahame R, Bird H,
eds. Hypermobility of Joints, 1st ed., Springer; 1999:9-22.

Zhang Y-H, Hu H-Y, Xiong Y-C, et al. Exercise for neuropathic
pain: a systematic review and expert consensus. Front Med
(Lausanne) 2021;8:756940.

Leddy JJ, Baker JG, Kozlowski K, Bisson L, Willer B. Reliability
of a graded exercise test for assessing recovery from concus-
sion. Clin J Sport Med 2011;21:89-94.

Haider MN, Johnson SL, Mannix R, et al. The buffalo concussion
bike test for concussion assessment in adolescents. Sports
Health 2019;11:492-7.

Triantafyllidi H, Birmpa D, Benas D, Trivilou P, Fambri A, Ilio-
dromitis EK. Cardiopulmonary exercise testing: the ABC for
the clinical cardiologist. Cardiology 2022;147:62-71.

Wheatley CM, Kannan T, Bornschlegl S, et al. Conducting maxi-
mal and submaximal endurance exercise testing to measure
physiological and biological responses to acute exercise in
humans. J Vis Exp 2018.

Stratford P. Assessing disability and change on individual
patients: a report of a patient specific measure. Physiother
Can 1995;47:258-63.

Jay SJ. Reference equations for the six-minute walk in healthy
adults. Am J Respir Crit Care Med 2000;161:1396.

Geiger R, Strasak A, Treml B, et al. Six-minute walk test in
children and adolescents. J Pediatr 2007;150. 395-9.e3992.
Whitney SL, Wrisley DM, Marchetti GF, Gee MA, Redfern MS,
Furman JM. Clinical measurement of sit-to-stand performance
in people with balance disorders: validity of data for the Five-
Times-Sit-to-Stand Test. Phys Ther 2005;85:1034-45.

Buatois S, Miljkovic D, Manckoundia P, et al. Five times sit to stand
test is a predictor of recurrent falls in healthy community-living
subjects aged 65 and older. J Am Geriatr Soc 2008;56:1575-7.
Stussman B, Williams A, Snow J, et al. Characterization of
post-exertional malaise in patients with myalgic encephalomy-
elitis/chronic fatigue syndrome. Front Neurol 2020;11:1025.
Vink M, Vink-Niese A. The draft report by the institute for qual-
ity and efficiency in healthcare does not provide any evidence
that graded exercise therapy and cognitive behavioral therapy
are safe and effective treatments for myalgic encephalomyeli-
tis/chronic fatigue syndrome. Diseases 2023: 11.

Stewart JM. Autonomic nervous system dysfunction in adoles-
cents with postural orthostatic tachycardia syndrome and
chronic fatigue syndrome is characterized by attenuated vagal
baroreflex and potentiated sympathetic vasomotion. Pediatr
Res 2000;48:218-26.

Germain A, Giloteaux L, Moore GE, et al. Plasma metabolomics
reveals disrupted response and recovery following maximal
exercise in myalgic encephalomyelitis/chronic fatigue syn-
drome. JCl Insight 2022;7.

Melamed KH, Santos M, Oliveira RKF, et al. Unexplained exer-
tional intolerance associated with impaired systemic oxygen
extraction. Eur J Appl Physiol 2019;119:2375-89.

Joseph P, Arevalo C, Oliveira RKF, et al. Insights from invasive
cardiopulmonary exercise testing of patients with myalgic
encephalomyelitis/chronic fatigue syndrome. Chest 2021;
160:642-51.

Ghali A, Lacout C, Ghali M, et al. Warning signals of post-exer-
tional malaise in myalgic encephalomyelitis/chronic fatigue
syndrome: a retrospective analysis of 197 patients. J Clin Med
2021;10.

Noor N, Urits |, Degueure A, et al. A comprehensive update of
the current understanding of chronic fatigue syndrome. Anes-
thesiol Pain Med 2021;11:e113629.

Grach SL, Seltzer J, Chon TY, Ganesh R. Diagnosis and manage-
ment of myalgic encephalomyelitis/chronic fatigue syndrome.
Mayo Clin Proc 2023;98:1544-51.

Casson S, Jones MD, Cassar J, et al. The effectiveness of activ-
ity pacing interventions for people with chronic fatigue

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

syndrome: a systematic review and meta-analysis. Disabil
Rehabil 2023;45:3788-802.

Davenport TE, Stevens SR, VanNess MJ, Snell CR, Little T. Con-
ceptual model for physical therapist management of chronic
fatigue syndrome/myalgic encephalomyelitis. Phys Ther
2010;90:602-14.

McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement
on concussion in sport—the 5% international conference on
concussion in sport held in Berlin, October 2016. Br J Sports
Med 2017;51:838-47.

Leddy JJ, Hinds AL, Miecznikowski J, et al. Safety and prognostic
utility of provocative exercise testing in acutely concussed ado-
lescents: a Randomized Trial. Clin J Sport Med 2018;28:13-20.
Ziaks L, Tucker J, Koc T, Schaefer A, Hanson K. Identifying trends
of dysautonomia signs and symptoms associated with protracted
concussion recovery during the buffalo concussion treadmill test:
a retrospective study. Brain Impair 2022;25:1-10.

Levinger |, Bronks R, Cody DV, Linton |, Davie A. Perceived
exertion as an exercise intensity indicator in chronic heart fail-
ure patients on beta-blockers. J Sports Sci Med 2004;3:23-7.
Eston R, Connolly D. The use of ratings of perceived exertion
for exercise prescription in patients receiving beta-blocker
therapy. Sports Med 1996;21:176-90.

Grubb BP, Kanjwal Y, Kosinski DJ. The postural tachycardia syn-
drome: a concise guide to diagnosis and management. J Cardi-
ovasc Electrophysiol 2006;17:108-12.

Liguori G, Feito Y, Fountaine C, Roy B. ACSM’s Guidelines for Exer-
cise Testing and Prescription. 11th ed. Wolters Kluwer; 2022.
Noonan V, Dean E. Submaximal exercise testing: clinical appli-
cation and interpretation. Phys Ther 2000;80:782-807.

Leddy JJ, Willer B. Use of graded exercise testing in concussion
and return-to-activity management. Curr Sports Med Rep
2013;12:370-6.

Mihalik JP, Libby JJ, Battaglini CL, McMurray RG. Comparing
short-term complex and compound training programs on verti-
cal jump height and power output. J Strength Cond Res
2008;22:47-53.

Coswig VS, Barbalho M, Raiol R, Del Vecchio FB, Ramirez-Cam-
pillo R, Gentil P. Effects of high vs moderate-intensity inter-
mittent training on functionality, resting heart rate and blood
pressure of elderly women. J Transl Med 2020;18:88.

McGregor G, Powell R, Begg B, et al. High-intensity interval
training in cardiac rehabilitation: a multi-centre randomized
controlled trial. Eur J Prev Cardiol 2023;30:745-55.

Stankovic M, Djordjevic D, Trajkovic N, Milanovic Z. Effects of
high-intensity interval training (HIIT) on physical performance
in female team sports: a systematic review. Sports Med Open
2023;9:78.

Zhao K, Hu Z, Wang T, et al. Acute effects of two different
work-to-rest ratio of high-intensity interval training on brain-
derived neurotrophic factor in untrained young men. Front
Physiol 2022;13:988773.

Ribeiro PAB, Boidin M, Juneau M, Nigam A, Gayda M. High-
intensity interval training in patients with coronary heart dis-
ease: prescription models and perspectives. Ann Phys Rehabil
Med 2017;60:50-7.

Besnier F, Labrunée M, Pathak A, et al. Exercise training-
induced modification in autonomic nervous system: an update
for cardiac patients. Ann Phys Rehabil Med 2017;60:27-35.
Khammassi M, Ouerghi N, Hadj-Taieb S, Feki M, Thivel D,
Bouassida A. Impact of a 12-week high-intensity interval train-
ing without caloric restriction on body composition and lipid
profile in sedentary healthy overweight/obese youth. J Exerc
Rehabil 2018;14:118-25.

Kravitz L. High intensity interval training; 2014. Available at:
https://www.acsm.org/docs/default-source/files-for-
resource-library/high-intensity-interval-training.pdf.
Accessed 8 June, 2024.


http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0064
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0064
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0065
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0065
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0065
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0066
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0066
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0066
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0067
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0067
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0067
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0068
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0068
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0068
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0069
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0069
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0069
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0069
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0070
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0070
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0070
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0071
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0071
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0072
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0072
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0073
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0073
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0073
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0073
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0074
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0074
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0074
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0075
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0075
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0075
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0076
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0076
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0076
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0076
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0076
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0077
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0077
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0077
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0077
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0077
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0078
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0078
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0078
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0078
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0079
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0079
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0079
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0080
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0080
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0080
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0080
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0081
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0081
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0081
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0081
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0082
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0082
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0082
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0083
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0083
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0083
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0084
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0084
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0084
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0084
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0085
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0085
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0085
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0085
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0086
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0087
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0087
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0087
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0088
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0088
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0088
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0088
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0089
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0089
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0089
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0090
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0090
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0090
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0092
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0092
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0092
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0093
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0093
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0094
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0094
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0095
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0095
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0095
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0096
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0096
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0096
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0096
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0097
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0097
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0097
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0097
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0098
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0098
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0098
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0099
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0099
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0099
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0099
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0100
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0100
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0100
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0100
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0101
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0101
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0101
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0101
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0102
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0102
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0102
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0102
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0103
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0103
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0103
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0103
http://refhub.elsevier.com/S2590-1095(24)00064-8/sbref0103
https://www.acsm.org/docs/default-source/files-for-resource-library/high-intensity-interval-training.pdf
https://www.acsm.org/docs/default-source/files-for-resource-library/high-intensity-interval-training.pdf

	Adaptive Approaches to Exercise Rehabilitation for Postural Tachycardia Syndrome and Related Autonomic Disorders
	Outline placeholder
	Key conceptual advances

	Methods and rationale
	Building on current standard of care approaches to autonomic rehabilitation
	Conceptual principle #1: comprehensive evaluation
	Screening for tolerability
	Serial physiological and functional assessments
	Determination of intensity

	Conceptual principle #2: individualized program entry
	Program entry and transition to maintenance

	Conceptual principle #3: patient-driven criteria to advance
	Progression and transitions
	Role of strength training in autonomic rehabilitation

	Conceptual principle #4: adaptation to patient needs and context
	Role of interval training in autonomic rehabilitation



	Conclusions
	Effect statement

	Disclosure
	Acknowledgments
	References


