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Abstract Vasovagal syncope (VVS) and postural tachy-
cardia syndrome (POTS) are the main forms of orthostatic
intolerance in pediatrics and both are underlying causes of
neurally-mediated syncope. In recent years, increasing
attention has been paid to the management of VVS and
POTS in children and adolescents. A number of potential
mechanisms are involved in their pathophysiology, but the
leading cause of symptoms varies among patients. A few
studies thus have focused on the individualized treatment
of VVS or POTS based on selected hemodynamic param-
eters or biomarkers that can predict the therapeutic effect
of certain therapies and improve their effectiveness. This
review summarizes the latest developments in individual-
ized treatment of VVS and POTS in children and indicates
directions for further research in this field.
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Introduction

Orthostatic intolerance (OI) is common in the pediatric
population and is defined as having difficulties in tolerating
the upright posture because of several symptoms (e.g.,
lightheadedness, blurred vision, palpitations, tremor, fati-
gue, and even syncope) that are relieved by recumbency
[1]. Vasovagal syncope (VVS) and postural tachycardia
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syndrome (POTS) are the main forms of OI in pediatric
patients [1]. VVS is usually triggered by prolonged
standing (acute OI) or exposure to mental stress and is
manifested as sudden syncopal episodes accompanied by
pallor, nausea, diaphoresis, and other symptoms associated
with hypotension and/or bradycardia resulting from vagal
excitation [2]. A diagnosis of VVS is made mainly based
on the typical manifestations noted above, but sometimes a
provocative test, the head-up tilt test (HUTT), should be
performed to confirm the diagnosis, especially when the
patient has atypical signs. A positive response in the HUTT
that supports a diagnosis of VVS is that the patient
suddenly faints or has pre-syncopal signs during the course
of tilting combined with either hypotension (vasoinhibitory
type) or bradycardia (cardioinhibitory type), or both (mixed
type), and the cutoff values for hypotension and bradycar-
dia vary with age [2]. POTS is a form of chronic OI
characterized by an excessive increase in heart rate when
moving from the supine to the upright position [2, 3]. The
diagnostic criterion for “excessive increase of heart rate”
in pediatric patients with POTS refers to an increase in
heart rate >40 beats per min (bpm) from the supine to the
upright position or the maximum upright heart rate reaches
>130 bpm (in children aged 6 to 12 years) or >125 bpm (in
adolescents aged 13 to 18 years) within the initial 10 min
after standing up in the HUTT or standing test [4]. Both
VVS and POTS are underlying causes of neurally-mediated
syncope, which is defined as syncope associated with
autonomic neural reflexes or autonomic nerve dysfunction
and accounts for ~75% of pediatric syncope cases [2, 4].
The recurrent or sustained symptoms of OlI, either frequent
syncopal episodes or chronic systemic symptoms, may
have negative effects on children’s physical and mental
health and significantly lower the quality of the children’s
and parents’ lives [1]. In recent years, increasing attention
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has been paid to the management of VVS and POTS in
children and adolescents. The Heart Rhythm Society [4],
Canadian Cardiovascular Society and Canadian Pediatric
Cardiology Association [5], American College of Cardiol-
ogy/American Heart Association (ACC/AHA) [2], Euro-
pean Society of Cardiology (ESC) [6], and Chinese
Pediatric Cardiology Society (CPCS) [3] have successively
published guidelines or expert consensus statements on the
diagnosis and management of pediatric VVS or POTS. In
addition, a number of studies have focused on the
individualized treatment of VVS or POTS based on
selected hemodynamic parameters or biomarkers that can
predict the therapeutic effects of certain therapies to
improve their effectiveness. In the following, we review
the latest developments in individualized treatment for
VVS and POTS in children for the purpose of improving
the therapeutic strategy in further clinical studies in this
field.

Pathophysiology and Individualized Management
of VVS in Pediatric Patients

Pathophysiology and Theoretical Basis of Individu-
alized Therapy for VVS

VVS is the most common form of reflex syncope,
comprising postural syncope and emotional/stress syncope
in response to various triggers. Currently, there are
continuing disputes about the pathophysiology of VVS,
indicating that the dominant mechanisms causing syncope
vary among VVS patients.

When upright, it is a challenge for humans to maintain
sufficient cerebral blood flow (CBF) because the heart is
lower than the brain and 70% of the blood flow is below
heart level. Adequate blood volume and the integrity of
cardiovascular and autonomic compensatory mechanisms
are essential for tolerance of orthostatic stress [7]. Any
impairment in the orthostatic compensatory system can
lead to decreased CBF and symptoms of OI. To a certain
extent, Ol is a “cost” of bipedalism.

Early researchers believed that the key pathological
mechanism of VVS was the Bezold-Jarisch reflex, which is
induced by an under-filled and hyper-contractile heart [8].
However, increasingly opposing opinions have emerged to
challenge this classic theory [9, 10]. According to recent
categorizations, the postural VVS patient typically expe-
riences three stages during a syncopal episode based on the
hemodynamic data with a positive response during the
HUTT (Fig. 1).

In stage I, the blood pressure (BP) is relatively stable.
After standing up, a transient fall of BP called initial
orthostatic hypotension occurs because of the decreased
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Fig. 1 Illustration of the three stages of hemodynamic change in
pediatric patients with classic postural vasovagal syncope (VVS)
during the head-up tilt test (HUTT). Typical changes in mean arterial
pressure (MAP; solid line) and heart rate (HR; dashed line) during the
HUTT (vertical dashed lines, different stages during the test until a
positive response). MAP is maintained relatively stable accompanied
by increased HR in stage I. Then MAP decreases slowly while HR
increases continuously in stage II. Both MAP and HR fall abruptly in
stage III, indicating a positive response of the mixed type. The MAP
and HR rise to normal levels soon after the patient returns to the
supine position. bpm, beats per minute.

intrathoracic blood volume due to gravity, and the BP can
recover in 30—60 s by reflex tachycardia. This initial fall of
BP occurs in both healthy people and VVS patients. Then,
the BP remains stable by means of increased reflex
sympathetic activity and compensatory vasoconstriction,
although the sympathetic activity, heart rate, and peripheral
vascular resistance increase more in VVS patients than in
healthy people. Patients with a relatively insufficient
central volume have to exert more effort to compensate
for the excessive reduction of inevitable cardiac preload.
Patients may feel well or at most experience transient and
slight dizziness as well as palpitation at this stage because
of the relatively stable BP and mild tachycardia. During
this stage, efforts to increase venous return, such as
physical counter-pressure maneuvers and external com-
pression on the lower limbs, can be helpful.

In stage II, the BP slowly decreases despite the more
obvious tachycardia combined with continuously increas-
ing sympathetic activity and peripheral vascular resistance,
leading to the symptoms of pre-syncope. Patients begin to
show prodromal manifestations such as weakness, pallor,
blurred vision, severe lightheadedness, nausea, and abdom-
inal pain due to the insufficient blood supply. Sweating
may also appear as a result of sympathetic activation. The
gradual decline of BP reflects the decreased cardiac output,
which is believed to be related to the reduction of cardiac
preload, vasodilation in selected peripheral vascular beds,
and excessive tachycardia in this stage [11, 12]. The
inappropriate vasodilation in specific peripheral vascular
beds has been shown to play an important role at this stage
[1, 13]. However, peripheral vasodilation is not evident in
all VVS patients, and the extent of tachycardia can be mild
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to moderate in some patients, indicating that the predom-
inant mechanism of the reduction in cardiac output differs
among individuals.

In stage III, the CBF suddenly falls, combined with a
sharply decreased BP and/or heart rate, leading to a loss of
consciousness. A syncopal attack finally occurs at this
stage because of a significant decrease in CBF. These
abrupt hemodynamic changes have been attributed to the
impairment of baroreflex integrity and cerebral autoregu-
lation [14]. However, the exact mechanism is still
unknown.

Not every patient experiences the three typical stages,
implying that each patient has distinct major problems with
the orthostatic regulatory mechanisms. For example,
hypotension and bradycardia do not always occur simul-
taneously at stage III. Some patients exhibit only a
decrease in BP without detectable bradycardia during the
HUTT and are considered to have the vasoinhibitory type
of VVS; in these patients, a deficiency in peripheral
vasoconstriction is thought to be the main problem. In
contrast, other patients experience convulsive syncope due
to severe bradycardia or sudden asystole without the
warning decline in BP (lacking stage II) and are classified
as having the cardioinhibitory type of VVS [4]. In addition,
in a recent study, VVS patients were divided into two
groups according to their baseline supine BP. During the
tilt test, low tyrosine hydroxylase levels and reduced
norepinephrine (NE) synthesis were found in the low-
pressure group, while increased NE transporter levels
resulting in enhanced NE reuptake were found in the
normal-pressure group [15]. Despite these variations
among VVS patients, it is evident that the principles of
management should be determined for each patient.

In summary, several potential mechanisms are involved
in the pathophysiology of VVS, but the leading cause of
symptoms in each patient varies. Any of the mechanisms,
such as relatively insufficient central volume leading to an
excessive reduction in cardiac preload, inappropriate
peripheral vasodilation, abnormal NE metabolism, and a
loss of baroreflex integrity, can play the major role and
become the therapeutic target in different individuals.
Although it is not fully understood why patients with VVS
demonstrate the vasoinhibitory type, cardioinhibitory type,
or mixed type, and why sometimes one type converts into
another, there is a consensus that therapies against these
pathophysiological mechanisms may abolish the abnormal
orthostatic regulatory process at the first two stages to
avoid syncope at stage III. Therefore, in theory, individ-
ualized therapy directed against the predominant patho-
physiological mechanism can be expected to abort the
subsequent symptoms and achieve a more satisfactory
therapeutic effect.

Improvement of Individualized Treatment of VVS
in Children and Adolescents

The management of VVS in children includes conventional
therapy, pharmacological therapy, and cardiac pacing.
According to previous studies, conventional therapy usu-
ally involves tilt training, physical counter-pressure maneu-
vers, and increased intake of salt and water, while
pharmacological therapy basically involves fludrocorti-
sone, B-adrenergic receptor blockers, a-adrenergic receptor
agonists, and serotonin transporter inhibitors [3]. These
treatment options for VVS in children are based on the
theories described above. For example, increased salt and
water intake and fludrocortisone are recommended to raise
the central volume, while midodrine (an ol-adrenergic
receptor agonist) is prescribed against probable peripheral
vasodilation. For treatment of the cardioinhibitory type of
VVS, cardiac pacing should be cautiously considered for
patients suffering from recurrent syncope related to reflex
vagal asystole [2]. The disappearance of the recurrent
syncope during follow-up as well as a negative response in
the HUTT at the endpoint of follow-up are usually taken as
effective responses. However, there are always non-re-
sponders to each therapy. Without individualized therapy,
only 20%-29% of children with VVS benefit from
conventional therapy, including health education and an
increased intake of salt and water [16, 17]. Even with
medication, only 43% of pediatric patients with VVS
responded to metoprolol and 75% responded to midodrine,
in two randomized controlled trials (RCTs) [16, 17]. The
major problems in management strategies for VVS may be
that the therapeutic options do not specifically target the
mechanisms in patients with different primary pathogene-
ses, and there are no indicators for the various mechanisms
to facilitate selection. Therefore, it is necessary to find
predictors of the therapeutic effect in VVS patients that
indicate the dominant pathophysiological mechanism in
each patient, to identify individuals who will respond to the
corresponding therapy and consequently improve the
quality of life for VVS patients who are affected by
recurrent syncope.

Acceleration Index as a Predictor of the Effectiveness
of Orthostatic Training in Treating Children with VVS

Orthostatic training (also known as tilt training) is a
protocol to practice standing for gradually prolonged
durations. Children with VVS are usually instructed to
stand 15 cm away from the foot of a wall with their upper
body leaning against the wall for no more than 20 min [4].
This training is considered useful for improving the
coordination of the autonomic and cardiovascular systems
during orthostatic regulation and, in theory, to adapt the
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patient to the upright posture. One RCT in adults showed
that well-controlled orthostatic training can significantly
enhance baroreflex sensitivity and heart rate variability
[18]. However, the symptom improvement rate was not
satisfactory in earlier studies, and corresponding data in
pediatric patients are limited [19, 20]. The acceleration
index is the instantaneous rate of increase of a patient’s
heart rate when they change from a supine to an upright
position and is calculated from the intervals between
adjacent R waves (RR intervals) in electrocardiograms
during the process. In detail, the acceleration index is
calculated as [(A — B)/A]x100, where A is the mean
duration (in milliseconds) of the RR intervals during the
last 15 s before changing to an upright position and B is the
shortest RR interval within the period of 5 to 40 s after
standing. This index has been positively correlated with
plasma epinephrine levels and represents sympathetic
activity [21]. One recent study revealed that VVS children
with a lower baseline acceleration index have a better
response to orthostatic training, suggesting that this index
may predict the effectiveness of orthostatic training in this
population. The index has a cutoff value of 26.77 with a
sensitivity of 85% in predicting the therapeutic response
[22], it is easy to measure, and it may become a useful
indicator to improve the therapeutic efficacy of orthostatic
training for children with VVS.

Predictors of the Effectiveness of f-Adrenergic Receptor
Blockers in Treating Children with VVS

The use of B-adrenergic receptor blockers (B-blockers) as
the treatment for patients with VVS has been disputed for
years. The supposed therapeutic rationale for these agents
is that B-blockers suppress the activation of ventricular
mechanoreceptors by attenuating the excessive contractil-
ity of the heart, which is deemed to initiate the classic
Bezold-Jarisch reflex, leading to vagal excitation in
patients with VVS [23, 24]. Nevertheless, as noted above,
the role of the Bezold-Jarisch reflex in the pathophysiology
of VVS is debatable, and several randomized comparisons
of B-blockers and placebo in the treatment of VVS in adults
have not confirmed the superiority of the former [25-27].
Studies of VVS in the pediatric population also report
conflicting results on the efficacy of [-blockers
[16, 28, 29]. It is notable that a number of studies have
revealed that B-blockers are beneficial in certain age groups
[16, 28, 30]. These different results indicate that B-blockers
may be effective for selected patients with VVS and that
predictors of the responses to B-blockers are needed to
rationalize their use.

Increase in Heart Rate before a Positive Response in the
Head-Up Tilt Test To identify predictors of the
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therapeutic efficacy of metoprolol (a B1-selective blocker)
in treating children with VVS, Zhang et al. [31] focused on
the hemodynamic features during the HUTT. In this
process, reflex tachycardia occurs after a patient is tilted
from the supine position. The investigators found that,
during the period before a positive response in the HUTT,
children with a greater increase in heart rate in the tilted
position than in the supine position show a better thera-
peutic response to metoprolol during follow-up. Using a
heart rate increase of 30 bpm in the HUTT as the threshold,
the sensitivity of prediction of an effective response to
metoprolol among children with VVS is 81%, indicating
that the change in heart rate during the HUTT can be an
ideal predictor.

Echocardiography-Derived Left Ventricular Ejection Frac-
tion and Fractional Shortening Previous studies have
revealed that the plasma epinephrine levels in the supine
position are mildly higher in patients with VVS than in the
healthy population, whereas the plasma epinephrine
increases significantly after the patient is tilted, and further
increases to pre-syncope or syncope during the HUTT
[32, 33]. The increased epinephrine is probably associated
with excessive ventricular constriction that may evoke
reflex hypotension and bradycardia in some patients with
VVS, which rationalizes the use of B-blockers. Song et al.
[34] explored some non-invasive indicators of standing
baseline epinephrine to predict the therapeutic response to
metoprolol and discovered that the left ventricular ejection
fraction (LVEF) and fractional shortening (LVFS) mea-
sured by echocardiogram in the supine position can achieve
this goal. During the 6-month follow-up, the responders to
metoprolol had higher baseline LVEF and LVFS than the
non-responders (LVEF: 72.5% =+ 3.2% vs 64.6% =+ 3.4%;
LVFS: 40.9% =+ 2.3% vs 34.9% + 2.9%). With a cutoff
value of 70.5%, the sensitivity of LVEF to predict a
therapeutic response to metoprolol in children with VVS
was 81.3% as determined by the receiver operating
characteristic (ROC) curve analysis. The predictive sensi-
tivity of LVFS reached 93.8% when using a borderline
cutoff of 37.5%. However, the use of LVEF as a predictor
for a therapeutic response to metoprolol is limited as the
cut-off baseline LVEF value of >70.5% may exclude major
populations of patients.

Twenty-Four-Hour Urine NE Level Recently, Kong et al.
investigated the 24-h urine NE level, which represents the
functional status of the sympathetic nervous system to
some extent, in children with VVS [35]. They found that
the levels varied within the patient group and were
positively correlated with the supine BP, implying that
the baseline sympathetic activity differs among children
with VVS. This result is consistent with the findings of
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Vaddadi et al. who reported that patients with VVS can be
divided into normal-pressure and low-pressure groups
according to their supine BP [15]. As expected, children
with a better response to metoprolol had higher 24-h urine
NE levels before treatment. With 34.84 pg/24 h as the
cutoff value, the 24-h urine NE level can be used to predict
the therapeutic effect of metoprolol therapy in children
with VVS with a sensitivity of 70% and a specificity of
100%.

Flow-Mediated Vasodilation (FMD) as a Predictor
of the Effectiveness of al-Adrenergic Receptor Agonists
in Treating Children with VVS

Excessive vasodilatation is known to be a vital pathophys-
iological mechanism underlying the reduced cardiac output
in a group of patients with VVS [10, 11]. In RCTs,
midodrine hydrochloride, an ol-adrenergic receptor ago-
nist, has been shown to be effective in treating children
with VVS [17, 36]. The effective rate of midodrine therapy
is ~75% in non-selected children with VVS. In a study to
search for an indicator of vascular tone to predict the
therapeutic effect of vasoconstrictors such as midodrine,
Zhang et al. measured FMD in pediatric patients with VVS
before they received midodrine [37]. The FMD detected by
vascular ultrasound represents endothelium-dependent vas-
cular function. During follow-up for 10-18 months, the
children with greater baseline FMD had a lower recurrence
rate of syncope. The ROC for the predictive value of FMD
showed a high sensitivity (90%) for a therapeutic response
to midodrine when using an FMD of 8.85% as the cutoff.
Thus, they concluded that FMD can be taken as an
indicator for the selection of midodrine for the treatment of
VVS in children.

Individualized Treatment with Cardiac Pacing in Children
with VVS

Children diagnosed with the cardioinhibitory or mixed type
of VVS may experience sudden asystole during episodes of
syncope. Nevertheless, it is debatable to treat these children
with cardiac pacing against the asystole triggered by the
vagal reflex because they often have a benign prognosis.
According to recent RCTs and meta-analyses, pacemaker
therapy is recommended (Class IIa) by the guidelines from
the ACC/AHA and ESC for patients aged >40 years with
recurrent syncope and documented asystole >3 s related to
syncope or spontaneous asystole >6 s without syncope
recorded by an implantable loop recorder [2, 6, 38]. In
pediatric patients, there is no strong evidence for the
necessity of cardiac pacing in the management of VVS. A
retrospective study investigated pacemaker implantation in
11 children 0.8-17 years of age who were diagnosed with

cardioinhibitory VVS or pallid breath-holding spells (a
specific type of VVS in infants) and in whom syncope was
correlated with a documented asystole >10 s [39]. The
results showed that implantation completely prevented the
recurrence of syncope in 10 out of the 11 children during
follow-up (median, 6.8 years) [39]. The ACC/AHA
guideline states that pacemaker therapy might be consid-
ered in children with severe reflex syncope secondary to
pallid breath-holding spells (Class IIb) [2]. According to
the CPCS guidelines, cardiac pacing should be considered
in pediatric VVS patients with a symptomatic prolonged
asystolic pause >4 s on the advice of experienced pediatric
cardiologists [4]. In brief, pacemaker therapy should be
cautiously but not regularly considered in the management
of VVS children with threatening asystole. The benefits
and adverse complications of pacemaker implantation
should be weighed before making a decision.

Pathophysiology and Individualized Management
of Postural Tachycardia Syndrome in Pediatric
Patients

Pathophysiology and Theoretical Basis for Individu-
alized Therapy in POTS

Different from VVS, POTS is a form of chronic OI with
heterogeneous etiologies. The identical major sign in
patients with POTS is the sustained excessive tachycardia
as a compensatory response to orthostatic posture, although
their symptoms are diverse and can appear in any posture
[40] (Fig. 2). Several mechanisms have been reported for
patients with POTS, such as central hypovolemia, periph-
eral vascular dysfunction, and hyperadrenergic stimulation
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Fig. 2 Illustration of typical hemodynamic changes in pediatric
patients with POTS during the HUTT (solid line, MAP; dashed line,
HR; vertical dashed lines, beginning and end of tilting). HR
significantly increases while MAP increases slightly and remains
relatively stable during the entire course. Both of MAP and HR fall to
normal levels soon after the patient returns to the supine position.
MAP, mean arterial pressure; HR, heart rate; POTS, postural
tachycardia syndrome; HUTT, head-up tilt test; bpm, beats per
minute.
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[1, 3]. There may be more than one mechanism in an
individual patient with POTS; thus, it is necessary to reveal
these mechanisms in order to prescribe a sensible thera-
peutic regimen.

Hypovolemia

Nearly 70% of patients with POTS have a reduced blood
volume [3]. It is apparent that a relatively insufficient blood
volume can worsen central hypovolemia when patients are
in a long-term upright position, leading to excessive
tachycardia as compensation. In some patients, hypov-
olemia is secondary to specific underlying causes, such as
dehydration and anemia. However, in most cases, patients
with POTS do not have a definite history of dehydration
despite the low blood volume [41, 42]. Raj et al. reported
that a group of patients with POTS had paradoxically
unchanged plasma renin activity and lower aldosterone
compared with healthy controls regardless of the signifi-
cant reduction in total blood volume [43], suggesting that
disorders of the renin-aldosterone system contribute to the
hypovolemia in some patients with POTS.

Peripheral Vascular Dysfunction

Dysfunction of the peripheral vascular system can cause a
failure of vasoconstriction or excessive vasodilation in
certain vascular beds, such as the lower limbs or splanchnic
vasculature, resulting in blood volume pooling and dis-
tributive central hypovolemia in some patients with POTS,
especially when in an upright position [44, 45]. Central
hypovolemia inevitably leads to reduced cardiac output and
compensatory orthostatic tachycardia.

Peripheral Autonomic Denervation Peripheral autonomic
denervation is one of the acknowledged causes of vascular
dysfunction. Impaired adrenergic vasoconstriction in the
lower limbs and splanchnic vascular bed has been found in
patients with POTS [13, 46, 47], who were classified as
having “neuropathic POTS”. The exact etiology of this
autonomic neuropathy is not clear, although studies have
indicated that autoimmune processes might contribute to
the pathological mechanisms [48-50].

Imbalance Between Vasoconstrictors and Vasodila-
tors An imbalance between the vasoconstrictors and
vasodilators in the peripheral circulation may be another
important factor contributing to vascular dysfunction.
Several vasodilators, such as nitric oxide (NO) [51],
hydrogen sulfide (H,S) [52], and adrenomedullin (ADM)
[53], are higher, whereas vasoconstrictors such as endothe-
lin [54] and urotensin II [55] are lower in patients with
POTS than in healthy controls. These changes in
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vasoactive factors may participate in the abnormal vascular
tone in patients with POTS.

Structural Defects of Peripheral Blood Vessels Rarely,
structural defects of peripheral blood vessels can also
predispose individuals to vascular dysfunction. The preva-
lence of Ehlers-Danlos syndrome, which is a heteroge-
neous group of heritable connective tissue disorders, is
significantly higher in patients with POTS than in the
general population [56]. The possible mechanism underly-
ing this syndrome is that the vascular wall of peripheral
veins is excessively stretched in response to the increased
pressure caused by orthostatic posture, resulting in venous
pooling [56]. By a similar mechanism, the symptoms of
POTS can be seen in patients with a congenital absence of
valves in the deep veins of the legs [57].

Hyperadrenergic Stimulation

While standing, high levels of circulating NE as well as
increased sympathetic nerve activity have been reported in
a group of patients with POTS, who are classified as having
“hyperadrenergic POTS” [50, 58, 59]. These patients
usually have manifestations such as pallor, tremor, palpi-
tations, tachycardia, and hypertension, suggesting sympa-
thetic activation. In some patients, the increased NE level
is considered to be associated with autoantibodies to
adrenergic receptors [60]. In addition, a mutation of the
SLC6A2 gene encoding the NE transporter has been found
in some patients showing significant sympathetic activation
because of the decreased reuptake of synaptic NE [61].

Other Mechanisms

Apart from the classic mechanisms described above,
several other functional disorders or diseases are thought
to be involved in the pathophysiology of POTS.

Mechanisms Associated with Autoimmunity A variety of
phenomena support the hypothesis that the autoimmune
response participates in the etiology of POTS. Patients with
POTS may have experienced a viral infection, vaccination,
operation or trauma before the onset of symptoms [62].
Moreover, some autoantibodies, such as those against
adrenergic receptors, angiotensin II type I receptors, and
ganglionic acetylcholine receptors, have been detected in
the plasma of patients with POTS, of whom 20% have a
history of autoimmune disease [49, 63-66]. Researchers
have studied the roles of these autoantibodies in patients
with POTS. Fedorowski ef al. found that the autoantibodies
from some POTS patients can activate al- or B1/2-
adrenergic receptors in transfected cells, and this activation
can be suppressed by specific blockers of the corresponding
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receptors [64]. Furthermore, the upright heart rate of
patients with POTS is correlated with an activated response
of adrenergic receptors mediated by autoantibodies. On the
basis of studies of plasma autoantibodies to adrenergic
receptors, the orthostatic tachycardia in patients with POTS
is probably attributable to the direct stimulatory effect of
cardiac receptor-activating autoimmune antibodies on
sinus rhythm control or to a compensatory response to
the excessive vasodilation elicited by vascular receptor
autoantibodies [60, 66].

Prolonged Bed Rest and Deconditioning Some patients
with POTS tend to stay in bed because of the symptoms of
OI. However, gravitational deconditioning can appear with
prolonged bed rest, leading to decreased blood volume,
abnormal redistribution of blood volume, and failure of
vasoconstriction as well as dysfunction of the skeletal
muscle pump, which can aggravate the symptoms of OI
[67, 68]. The prevalence of deconditioning in adult and
adolescent patients with POTS is reported to be up to 93%
and 68%, respectively [69, 70]. As a result, it is believed
that the symptoms of POTS can be alleviated by physical
activity rather than bed rest.

Improvement of Individualized Treatment of POTS
in Children and Adolescents

Multiple mechanisms lead to the heterogeneity of POTS
and pose a great challenge to management because the
patients cannot be treated by a unified method. In addition
to common measures such as education for patients and
their parents, the advocacy of physical exercise, and
psychological support, targeted therapy focusing on the
major underlying pathological mechanisms can predictably
achieve better therapeutic effects. For example, to attain
the best therapeutic outcome, advocating salt and water
intake is suitable for patients with hypovolemia; vasocon-
strictors tend to be prescribed for patients with vascular
dysfunction; and adrenergic receptor antagonists should be
used for patients with hyperadrenergic stimulation. Fur-
thermore, the most important thing for successful individ-
ualized therapy is to search for appropriate clinical signs or
biomarkers that can indicate the major pathological
mechanisms to predict the therapeutic effects of different
treatments.

Predictors of the Effectiveness of Oral Rehydration Salts
in the Treatment of Children with POTS

Early studies confirmed that increased fluid and salt intake
can improve the symptoms of OI by increasing blood
volume, although the extent of improvement varies
[71, 72]. Oral rehydration salts (ORSs) are the most

commonly used agents in children with POTS. Several
markers reflecting hypovolemia have been reported to
elevate the pertinence of the use of ORSs.

Twenty-Four-Hour Urinary Sodium Concentration The
loading of sodium in body fluids is known to be positively
correlated with blood volume. Zhang et al. [73] aimed to
explore the relationship between 24-h urinary sodium and
ORS therapy in children with POTS. The ORS therapy
resulted in a significant increase in urinary sodium
excretion and responders to ORSs, whose OI symptom
score was decreased by at least 2 after treatment with
ORSs, had a lower baseline 24-h urinary sodium concen-
tration than non-responders. The suggested condition for
the prediction of response to ORS therapy is a 24-h urinary
sodium concentration <124 mmol/L with a high predictive
sensitivity of 93%. These results support the speculation
that a low 24-h urinary sodium concentration, which is
believed to be associated with decreased sodium loading as
well as body fluid volume, can be taken as an indicator for
using ORSs as a treatment option.

Body Mass Index Another candidate predictor for the
effectiveness of ORS therapy is body mass index (BMI),
which is calculated from body height and weight. Stewart
et al. revealed that BMI was correlated with blood flow in a
group of young women with POTS [74]. Li et al. [75]
reported in a pediatric population that children with POTS
had a lower BMI than the controls in the same age group.
These findings suggest that BMI reflects blood volume to a
certain extent. Furthermore, this study found that pediatric
POTS patients with a lower BMI respond better to ORS
therapy than those with a higher BMI. Using a BMI <18
kg/m2 as the cutoff, the effectiveness of ORSs in the
treatment of children with POTS is well predicted with a
sensitivity up to 92% and specificity up to 82.8% [75]. It is
easy to measure body height and weight. The results also
implied a potential relationship between BMI and blood
volume in accordance with previous studies. However,
BMI can be influenced by many other factors in addition to
blood volume, especially in children.

Mean Corpuscular Hemoglobin Concentration The red
blood cell (RBC) volume is correlated with blood volume.
A previous study showed that RBC volume was signifi-
cantly reduced in a group of patients with POTS [76]. Lu
et al. [77] explored the items that reflect RBC volume
included in a complete blood count in children with POTS
to search for predictors of the therapeutic effect of ORS
treatment. According to their findings, responders to ORSs
had a lower mean corpuscular volume and a higher mean
corpuscular hemoglobin concentration (MCHC) than non-
responders, while other items such as hematocrit did not
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differ between the two groups. The MCHC also showed a
moderate predictive value of a therapeutic effect of ORSs
on POTS in children by ROC analysis, and the recom-
mended borderline for predicting responders was an MCHC
>347.5 g/L. To illuminate the potential reason that the
responders to ORSs have an increased MCHC, the
investigators explained that low blood volume may con-
tribute to either insufficient plasma volume or reduced
RBC volume or both, and ORSs directly replenish the
plasma volume rather than the RBC volume. Therefore,
patients with an increased MCHC are likely to have an
insufficient plasma volume and benefit from ORS therapy.
The complete blood count can be tested in hospitals at
different levels, but further evaluation is needed because
the sensitivity and specificity of prediction is just about
65%.

Baroreflex Sensitivity The baroreflex plays an important
role in the autonomic regulation of BP, and baroreflex
sensitivity (BRS) reflects the functional status of the
autonomic nervous system. Convertino et al. reported that
decreased blood volume results in an enhanced BRS,
implying an association between BRS and blood volume
[78]. Li et al. [79] designed a study to determine the role of
BRS in the prediction of the therapeutic effect of ORS in
children with POTS. The BRS was measured supine using
a continuous hemodynamic monitoring system. Children in
the POTS group showed much greater BRS than the
control group, and BRS was positively correlated with the
change in heart rate from the supine to the upright posture
in the POTS group. In addition, responders to ORS therapy
had greater baseline BRS than non-responders. Both high
predictive sensitivity (85.7%) and specificity (87.5%) can
be achieved when a BRS >17.01 ms/mmHg is taken as a
determinant of ORS therapeutic efficacy in pediatric POTS
patients. As expected, an increased BRS was found in
responders to ORSs who were supposed to have an
insufficient blood volume with enhanced BRS. The BRS
seems to be an ideal predictor in terms of the high
predictive sensitivity and specificity, although the mea-
surement is a little difficult for general use.

Predictors of the Effectiveness of f-Adrenergic Receptor
Blockers in the Treatment of Children with POTS

B-Blockers are prescribed to relieve symptoms of POTS in
children based on the mechanism of hyperadrenergic
stimulation and have been shown to be effective in
children and adults with POTS [80, 81]. However, one
controlled study on children with POTS reported that the
effective rate of metoprolol therapy is only 57.9% [82].
Therefore, indicators of hyperadrenergic status that can be
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easily detected are needed to improve the therapeutic effect
of B-blockers.

Orthostatic Plasma NE Level To test the “hyperadrener-
gic stimulation” hypothesis, Zhang et al. [83] examined the
orthostatic plasma NE level in children with POTS. The
blood samples were collected after the patients remained
standing for 5 min. The orthostatic plasma NE levels were
positively correlated with the symptom score as well as the
increase in heart rate during the HUTT. After treatment
with metoprolol for 3 months, the responders who showed
significant improvement in symptoms and upright heart
rate had higher baseline orthostatic plasma NE levels than
the non-responders. Based on the ROC analysis, the
authors recommend an orthostatic plasma NE level >3.59
pg/mL as a reference for the selection of metoprolol as
therapy for children with POTS. The predictive sensitivity
is 77% and the specificity is 92%. As B-blockers can block
the effect of increased NE levels, these results may be
direct evidence for individualized use of metoprolol;
however, it should be noted that the sample size was small.

Plasma C-Type Natriuretic Peptide C-type natriuretic
peptide (CNP) is a small bioactive peptide that is involved
in the pathogenesis of several cardiovascular diseases; it
may be an ideal biomarker because it is stable in the
circulation and is easily detected [84]. Takekoshi et al.
reported that CNP increases the synthesis of catecholami-
nes by promoting the expression of tyrosine hydroxylase
mRNA in vitro [85], while in isolated heart experiments
Springer et al. reported that CNP increases heart rate by
acting on the sinoatrial node through its receptors [86].
Based on these experimental findings, Lin er al. [87]
assessed the plasma CNP in children diagnosed with POTS
and explored its value in the prediction of a therapeutic
effect of P-blockers. The plasma CNP levels were
markedly higher in children with POTS than in healthy
children, indicating a role of CNP in the pathogenesis of
POTS. During follow-up, the researchers found that the
responders to metoprolol had higher baseline plasma CNP
levels than the non-responders. The recommended cutoff
value of plasma CNP is 32.55 pg/mL to predict the efficacy
of metoprolol in the treatment of children diagnosed with
POTS, with high sensitivity (96%) and moderate specificity
(70%). Based on this study, the increased plasma CNP
levels in responders to metoprolol are in accordance with
the results of previous studies showing that CNP promotes
the synthesis of catecholamines. Therefore, CNP can be
taken as an indicator of “hyperadrenergic POTS”.

Plasma Copeptin Copeptin is a glycopeptide derived
from the cleavage of the precursor of arginine vasopressin
(AVP), which is sensitive to changes in osmotic pressure
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and blood volume but is unstable in the circulation [88].
Copeptin is equally released with AVP and is stable for
detection as an ideal biomarker of AVP secretion. Franklin
et al. demonstrated that copeptin is inhibited by high
central catecholamine levels [89]. Zhao et al. [90] mea-
sured plasma copeptin in children with POTS and analyzed
its value in the prediction of a therapeutic effect of
metoprolol. The responders to metoprolol were found to
have lower baseline plasma copeptin levels than the non-
responders. A plasma copeptin level <10.2 pmol/L ensures
a satisfactory predictive sensitivity reaching 90% and a
specificity of 79%. This study revealed that reduced plasma
copeptin levels are associated with an improved therapeutic
effect of metoprolol, indirectly implying that plasma
copeptin may have a negative correlation with cate-
cholamines, although further studies are needed to test
this hypothesis.

Predictors of the Effectiveness of a-Adrenergic Receptor
Agonists in the Treatment of Children with POTS

Peripheral vascular tone plays a vital role in the mainte-
nance of hemodynamic stability as well as sufficient
cerebral blood flow in an orthostatic posture [1]. As noted
above, although several mechanisms can account for the
vascular dysfunction in the pathogenesis of POTS, the
failure of vasoconstriction or excessive vasodilation,
resulting in pooling in the peripheral circulation, is almost
uniformly the direct cause of decreased central volume
[91]. Based on this rationale, vasoconstrictors such as o-
adrenergic receptor agonists are used to treat patients with
POTS. Previous studies have demonstrated the efficacy of
midodrine in treating children and adolescents with POTS
[80, 82, 92], and a number of indicators of vascular
dysfunction have been found to help make the decision to
use midodrine [93].

Erythrocytic Hydrogen Sulfide Production H,S has been
confirmed as the third gaseous signaling molecule after NO
and CO. H,S has significant regulatory effects on the
cardiovascular system and is recognized as a strong
vasodilator through several different pathways [94, 95].
The role of H,S in the prediction of the therapeutic
response to midodrine in children with POTS was inves-
tigated by Yang and colleagues [52]. They revealed that
children in the POTS group had higher erythrocytic H,S
production than controls. Furthermore, after treatment with
midodrine for 3 months, the OI symptom score declined in
the POTS group, and the decreasing score was positively
correlated with the original erythrocytic H,S production.
Responders to midodrine had greater baseline erythrocytic
H,S production than non-responders. The sensitivity and
specificity for prediction are 79% and 78%, respectively,

under the condition of an erythrocytic H,S production
>27.1 nmol/min/10® RBCs. They concluded that children
with POTS can be treated with midodrine in reference to
this cutoff value. It seems that elevated erythrocytic H,S
production can predict the therapeutic response to mido-
drine, a vasoconstrictor, basically because of the vasodila-
tory effect of H,S on various peripheral vascular beds.
However, the exact mechanisms by which this ol-agonist
acts on the vasoactive effects mediated by H,S still need
further investigation.

Plasma Midregional Pro-adrenomedullin ADM is a
vasoactive peptide involved in several cardiovascular
diseases and disorders in other systems [96, 97]. It is
known to be a potent vasodilator, but it is difficult to
measure its circulatory content [98]. Midregional pro-
adrenomedullin (MR-proADM) is a stable fragment of pro-
ADM and is produced in equimolar amounts with ADM.
Zhang et al. [53] reported that children with POTS have
significantly higher plasma MR-proADM levels than
healthy controls. Children in the POTS group were treated
with midodrine and were followed up for at least 3 months,
and a symptom score was used to evaluate the therapeutic
effect and identify the responders. As expected, the
responders had higher plasma MR-proADM levels before
treatment than the non-responders. Based on ROC analysis,
when the plasma MR-proADM is >61.5 pg/mL, the
sensitivity and specificity for the prediction of a therapeutic
effect of midodrine are 100% and 72%, respectively.
According to this study, the circulatory MR-proADM
concentration, which correlates well with ADM produc-
tion, can be used as an indicator to predict the therapeutic
response to midodrine.

Plasma Copeptin  As noted above, copeptin can be used
as a predictor of metoprolol therapy for the treatment of
children with POTS. Zhao et al. [99] investigated plasma
copeptin in another group of children with POTS and
monitored the therapeutic effect of midodrine during
follow-up. Increased plasma concentrations of copeptin,
which in fact represent AVP concentrations, were found in
the POTS group compared with the controls. AVP is
known to be a strong vasoconstrictor; therefore, the
elevated plasma copeptin levels might be explained by a
compensatory response to vascular dysfunction in children
with POTS. In addition, responders to midodrine in this
study showed even higher plasma copeptin levels at the
first visit than the non-responders. Applying a plasma
copeptin concentration >10.5 pmol/L as the cutoff, the
sensitivity and specificity for predicting the efficacy of
midodrine in treating children with POTS reaches 86% and
76%, respectively. High levels of copeptin (or AVP) may
indicate a state of relative hypovolemia. The authors
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explained that midodrine works better in patients with high
copeptin levels probably because midodrine can abate the
insufficient venous return in these patients by reducing the
venous capacity through vasoconstriction.

Flow-Mediated Vasodilation Endothelial function has
been confirmed to play a critical role in modulating
vascular tone. A previous study [51] explored endothelial
function in children with POTS by measuring the plasma
concentration of NO, the activity of NO synthase, and
FMD. Both the plasma NO concentration and NO synthase
activity were elevated, while FMD was greater in children
diagnosed with POTS than in the control group, indicating
that endothelial dysfunction most likely takes part in the
pathogenesis of POTS. A subsequent study [100] revealed
that baseline FMD is greater in responders to midodrine
therapy than in non-responders during the follow-up of
children with POTS. An FMD >9.85% can be taken as the
referral determinant for the use of midodrine with moderate
predictive value for treating such children. The sensitivity
and specificity of prediction are 74% and 80%, respec-
tively. This study also showed that the FMD of POTS
patients decreases after treatment with midodrine, indicat-
ing that ol-adrenergic receptors may contribute to the
regulation of endothelial function. The mechanism by
which al-adrenergic receptors interact with endothelium in
POTS children is still unknown, although complex inter-
actions have been reported between the endothelium and
the autonomic nervous system [101].

Changes in Blood Pressure during the Standing Test The
orthostatic BP partly reflects the peripheral vascular tone
during orthostasis. In a normal orthostatic response, the BP
drops immediately after standing because of the gravita-
tional redistribution of blood volume but recovers within
30 s due to the effect of the baroreflex [1]; then, the BP
remains stable at a level almost equal to or no more than
10% above the supine BP [102]. It is worth considering
focusing on the change in BP to distinguish different types
of POTS. Patients with hyperadrenergic POTS may show a
stronger increase in orthostatic BP and even orthostatic
hypertension [3, 59]. In contrast, a slight decline in BP may
appear in POTS patients with vascular dysfunction or
hypovolemia [1]. Deng et al. [103] studied the difference in
BP during the standing test between children diagnosed
with POTS who were responsive and non-responsive to
midodrine. In the baseline standing test before treatment,
there was no significant difference between the two groups
in supine BP, while the maximum upright systolic BP
(SBP) and diastolic BP (DBP) as well as the increase in the
SBP and DBP from the supine to the upright position were
lower in responders than in non-responders. Based on
further ROC analysis, effectiveness of midodrine in
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treating children with POTS can be expected by referring
to the increase in SBP combined with an increase in DBP
during the baseline standing test. The combined condition
was an increase in SBP <0 mmHg (SBP declines) or an
increase of DBP <6.5 mmHg. The predictive sensitivity
and specificity are 72% and 88%, respectively, with this
cutoff value. In other words, a decline in SBP or less of an
increase in DBP during standing may indicate insufficient
compensatory vasoconstriction or inappropriate vasodilata-
tion and favor treatment with vasoconstrictors. This
predictor is favorable because BP measurement during
the diagnostic standing test is routine for children with
POTS.

Individualized Management of POTS Based on Clinical
Symptoms and Signs

Since POTS is a group of disorders with heterogeneous
origins but similar clinical manifestations, researchers have
made efforts to construct a proper classification to guide its
management.

Early studies attempted to divide patients with POTS
into three types according to their calf blood flow measured
by venous occlusion strain gauge plethysmography
[104, 105]. Low-flow POTS is considered to be related to
mild absolute hypovolemia or abnormal regulation of local
blood flow [106]. Patients of this type are characterized by
cool, pallid extremities and acrocyanosis and are believed
to benefit from therapy with volume loading by increased
uptake of salt and water or drugs such as fludrocortisone or
erythropoietin. Patients with high-flow POTS, manifesting
with edema of the lower extremities, have reduced
peripheral vascular resistance [46] and relatively enhanced
blood volume. Their symptoms can be alleviated by
vasoconstrictors such as o-adrenergic receptor agonists.
Patients with normal-flow POTS may have splanchnic
regional pooling [13] and can be treated with midodrine or
a splanchnic-selective vasoconstrictor such as octreotide.
Signs of hypermobility syndrome may occur in this type of
patient [107]. These studies mainly involved adolescents
and young adults and were aimed at individualized
management for patients with POTS based on the charac-
teristic underlying hemodynamic features. However, the
optimal therapy for treating each type of POTS is based on
theory, and better-designed controlled studies are needed to
confirm the efficacy of various therapies in the treatment of
the different subgroups.

A more recent study enrolled 708 children and adoles-
cents with POTS and evaluated the effectiveness of
available drugs in controlling symptoms including light-
headedness, headache, nausea, gastrointestinal dysmotility,
pain, and insomnia [108]. All the drugs were effective in
relieving specific symptoms to varying degrees. For
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Table 1 Predictors of effectiveness of different therapies on VVS and POTS in children.

Therapies Predictors Cut-off value Sensitivity Specificity Tests or samples
(%) (%) required
Research on children with VVS
Orthostatic training Acceleration index [22] < 26.77 85 69.2 HUTT
Metoprolol AHR in HUTT [31] > 30 bpm 81 80 HUTT
LVEF [34] > 70.5% 80 100 UCG
LVES [34] > 37.5% 90 90 UCG
24 h urine NE [35] > 34.84 pg/24 h 70 100 24-h urine
Midodrine FMD [37] > 8.85% 90 80 Vascular ultrasound
hydrochloride
Research on children with POTS
ORS 24 h urine sodium [73] < 124 mmol/L 93 77 24-h urine
BMI [75] <18 kg/m2 92 82.8 General measurement
MCHC [77] > 347.5 g/l 68.8 63.2 Blood routine
BRS [79] > 17.01 ms/mmHg 85.7 87.5 CHMS
Metoprolol Orthostatic plasma NE > 3.59 pg/mL 77 92 Blood sample
[83]
Plasma CNP [87] > 32.55 pg/mL 96 70 Blood sample
Plasma copeptin [90] < 10.2 pmol/L 90 79 Blood sample
Midodrine Plasma MR-proADM > 61.5 pg/mL 100 72 Blood sample
hydrochloride [53]
Ery H,S production > 27.1 nmol/min/10® RBC 79 78 Blood sample
[52]
FMD [100] > 9.85% 74 80 Vascular ultrasound
Plasma copeptin [99] > 10.5 pmol/L 86 76 Blood sample
ABP in standing test ASBP < 0 mmHg or ADBP < 6.5 72 88 Standing test

[103] mmHg

VVS, vasovagal syncope; POTS, posture tachycardia syndrome; HUTT, head-up tilt test; AHR in HUTT, the increase of heart rate before
positive response in head-up tilt test compared with supine heart rate; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional
shortening; UCG, ultrasound cardiogram; 24 h urine NE, 24-hour urine norepinephrine level; FMD, flow-mediated vasodilation; ORS, oral
rehydration salt; BMI, body mass index; MCHC, mean corpuscular hemoglobin concentration; BRS, baroreflex sensitivity; NE, norepinephrine;
CNP, Ctype natriuretic peptide; MRproADM, midregional proadrenomedullin; Ery H,S production 24 h urine sodium twentyfourhour urinary
sodium concentration, erythrocytic hydrogen sulfide production; ABP, changes of blood pressure; ASBP, the increase of systolic blood pressure
from supine to upright position; ADBP, the increase of diastolic blood pressure from supine to upright position; bpm, beats per minute; CHMS,

Continuous hemodynamic monitoring system.

example, fludrocortisone, midodrine, and desmopressin
were used to control lightheadedness, and the effective
rates were 42.8%, 33.9%, and 38.9%, respectively. For
headache, the therapeutic effects of five drugs (cyprohep-
tadine, verapamil, metoprolol, atenolol, and nebivolol)
were evaluated, and they ranged from 14.2% for verapamil
to 44.8% for metoprolol. For controlling nausea, ondanse-
tron, scopolamine, and meclizine were effective in only
37.9%, 17%, and 8.7% of the patients, respectively. For
gastrointestinal dysmotility, the remission rate was 36.7%
with pyridostigmine and 32.7% with erythromycin. Dulox-
etine and pregabalin demonstrated efficacy in 41.2% and
343% of the patients suffering from pain symptoms.
Finally, four drugs used for insomnia (clonidine, trazodone,
zolpidem, and eszopiclone) alleviated the symptoms in
17.9% to 30.7% of patients. These results suggest that

symptoms should be taken as essential references when
making the choice of therapy for children with POTS, but
treatment simply guided by symptoms does not achieve
high effective rates.

Priorities of Reported Predictors in the Manage-
ment of VVS and POTS

To date, several predictors of therapeutic effects have been
reported to guide the individualized management of VVS
and POTS in children. Physicians should cautiously
evaluate the clinical manifestations and refer to one or
more proper predictors before making the treatment plan
for a specific patient. In clinical practice, comprehensive
factors should be taken into account in the decision on
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Fig. 3 Schematic of the pathophysiology, corresponding indicators,
and therapeutic options for vasovagal syncope and postural tachy-
cardia syndrome in children. Grey boxes, potential pathophysiological
mechanisms and changes in corresponding indicators; black boxes,
individual therapeutic options based on the corresponding mecha-
nisms; T, increase; |, decrease; OI, orthostatic intolerance; VVS,
vasovagal syncope; POTS, postural tachycardia syndrome; AHR in
HUTT, increase of heart rate before positive response in the head-up
tilt test compared with supine heart rate; LVEF, left ventricular

therapeutic modalities. First, more sensitivity and speci-
ficity for prediction usually means more certainty of
successful treatment. A sensitivity or specificity >90%
indicates a high predictive value. Second, methods to
determine the value of predictors can also impact the
decision. For example, predictors drawn from the HUTT or
standing test avoid additional examinations because the test
is performed for diagnostic purposes. Predictors detected
by ultrasound or 24-h urine collection are easily accepted
by children and their parents because of their non-
invasiveness. Predictors in items of routine blood tests
are more favorable than those detectable only in some large
testing institutions. We compare the predictive sensitivity
and specificity as well as demands for detection among the
reported predictors in Table 1. However, it is difficult to
confirm the absolute priorities of these predictors based on
the current information. It will be helpful to conduct
studies that compare the therapeutic efficacy of individu-
alized therapy based on the different predictors to deter-
mine their value in clinical practice and finally provide
recommended priorities of the predictors.

Perspectives for Individualized Management
of VVS and POTS in Children and Adolescents

In summary, researchers have made great efforts to achieve
individualized management of VVS and POTS in children
(Table 1). Treatment strategies based on clinical features
and pathogenesis are being established. To a certain extent,
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ejection fraction; LVFS, left ventricular fractional shortening; 24 h
urine NE, twenty-four-hour urine norepinephrine level; FMD, flow-
mediated vasodilation; 24 h urine sodium, twenty-four-hour urinary
sodium concentration; BMI, body mass index; MCHC, mean
corpuscular hemoglobin concentration; BRS, baroreflex sensitivity;
ORS, oral rehydration salt; NE, norepinephrine; CNP, C-type
natriuretic peptide; MR-proADM, midregional pro-adrenomedullin;
Ery H,S production, erythrocytic hydrogen sulfide production; ABP,
changes of blood pressure.

clinical symptoms can indicate the pathogenesis of children
with OI. However, the same clinical manifestations can be
induced by distinct underlying mechanisms; hence, the
subjective symptoms can be taken as important references
but not the main evidence for individualized therapeutic
approaches. Conversely, objective indexes, such as hemo-
dynamic parameters or biomarkers, can reflect the potential
pathogenesis of pediatric VVS or POTS more exactly and
are more suitable predictors of the therapeutic effect of
different treatment approaches (Fig. 3). It is noteworthy
that measures are more preferable if they are uncompli-
cated and non-invasive or at least minimally invasive for
pediatric patients, as noted above. Therefore, a favorable
individualized treatment protocol should combine subjec-
tive symptoms with objective predictors. We suggest that
the relationship between the external symptom spectrum
and the intrinsic pathogenesis of VVS or POTS in children
should be defined — for example, by establishing a
symptom scoring system indicating different mechanisms.
In addition, more sensitive predictors of the therapeutic
effect of different therapies with favorable detection
methods should be identified in multicenter-based clinical
studies and large-sample studies to realize the ideal
individualized management for children and adolescents
with VVS and POTS.
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