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In children, vasovagal syncope and postural tachycardia syndrome constitute the major types of orthostatic
intolerance. The clinical characteristics of postural tachycardia syndrome and vasovagal syncope are similar but
their treatments differ. Therefore, their differential diagnosis is important to guide the correct treatment. Children
suffering from vasovagal syncope or postural tachycardia syndrome might be treated using water, 3-blockers, salt,
or midodrine. However, the effificacy of the drugs varies. Biomarkers or certain hemodynamic parameters that can

predict the treatment effects of individualized treatment for POTS or VVS have been used.

orthostatic intolerance vasovagal syncope postural tachycardia syndrome

differential diagnosis individualized treatment

| 1. Introduction

The inability to tolerate the upright posture is referred to as orthostatic intolerance (Ol) and comprises a series of
clinical symptoms including dizziness, headache, and temporary loss of consciousness. Ol can be relieved after
recumbency [, occurs frequently, and affects both the quality of life and psychosocial health 2. Ol pathogenesis is
mainly associated with autonomic dysfunction, central hypovolemia, an abnormal Bezold—Jarisch reflex, and an
abnormal endothelium-dependent diastolic function EBI4BIE |n children and adolescents, VVS (vasovagal
syncope) and POTS (postural tachycardia syndrome) are responsible for 70-80% of Ol W&l The clinical signs of
POTS and VVS are similar but their pathogeneses are different, thus necessitating different treatments; however,
care should be taken to distinguish the subtypes. The current accepted criteria to diagnose POTS and VVS in
children comprise a combination of clinical data and clinical symptoms observed during a head-up tilt test (HUTT).
However, a HUTT may cause episodes of syncope or asystole, usually leading to discomfort among children and
adding to their psychological loads, and its widespread clinical application is thus restricted [&. Therefore, novel,

acceptable, safe, and simple criteria are required to diagnose POTS and VVS in children.

The mechanisms for VVS and POTS remain unclear. Their pathogeneses are believed to be related to the
impaired regulation of peripheral vascular resistance, autonomic nervous system imbalance, hyper-adrenergic
responses, and absolute hypovolemia. Consequently, children suffering from VVS or POTS might be treated using

water, B-blockers, salt, or midodrine. However, the efficacy of the drugs varies.

| 2. Differential Diagnosis of POTS and VVS
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Despite their similar clinical manifestations, different methods and strategies are used to treat VVS and POTS. A
HUTT can be used to diagnose both but it can be very uncomfortable and in rare cases, it can cause arrhythmias
or cardiac arrest. Currently, non-invasive differential diagnosis is an important clinical issue in this field. Therefore,
finding a sensitive and reliable method for differential diagnosis between the two diseases has become an urgent
clinical need. An investigation of the physiological indicators that differ between VVS and POTS could effectively

improve diagnosis, which is of great significance for clinical diagnoses and precise treatments (Table 1).

Table 1. Clinical indicators used to differentiate POTS from VVS.

Cut-Off Sensitivity Specificity Year
Plasma H,S level 98 umol/L 90% 80% 2012
Serum iron level 11.8 pmol/L, 92.50% 64.70% 2013
Al: 28.180;
! 0, 0,
Al and 30/15 30/15- 1.025 95.80% 80.80% 2018
dULF 36.2 ms? 71.40% 75.00% 2019

POTS: postural tachycardia syndrome; VVS: vasovagal syncope; Al: Acceleration Index; dULF: daytime ultra-low

2¢1ucFhe Plas ma HydrogenSulfide!(B8)doeveloth and 15th beats in the upright position.

The toxic gas hydrogen sulfide (H2S) was recognized recently as an endogenous gasotransmitter L9 H,s
contributes to endothelium-dependent vasorelaxation and exerts regulatory effects on the pathogenesis of various
diseases 11, According to Zhang et al., the plasma concentration of H,S can help distinguish between POTS and
VVS in children. The results of that study indicated that children with POTS and VVS had higher H2S plasma levels
than healthy children. A plasma level of H,S at 98 pmol/L taken as the cutoff value produced both high sensitivity

(90%) and specificity (80%) rates for correctly discriminating between patients with VVS and patients with POTS
12

2.2. The Serum Iron Level

Generally, VVS is rare or sporadic, whereas POTS represents a chronic daily form of Ol. However, VVS patients
sometimes experience chronic Ol symptoms and POTS patients might experience a temporary or sudden loss of
consciousness. Hence, based on symptoms alone, the differential diagnosis of VVS from POTS is often difficult.
Patients with POTS or VVS have a high prevalence of chronic fatigue. lIron deficiency was proven to be associated
with chronic fatigue in patients with Ol 2224l |nterestingly, the symptoms of Ol could be relieved using iron
supplementation or the administration of recombinant erythropoietin 2828 Thus, the mechanisms were probably
linked to the oxygen-carrying capacity of hemoglobin and the serum iron levels might be different between POTS
and VVS. According to a study by Li et al., the serum iron level was higher among POTS children than among

children with VVS (with significant differences in their median values), which could be used as a preliminary
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method to differentiate POTS from VVS in a clinic. When the value of serum iron was 11.8 pmol/L, VVS could be
distinguished from POTS with 92.5% sensitivity and 64.7% specificity 12,

2.3. Immediate Heart Rate Alteration Index Al and 30/15

The instantaneous HR (heart rate) variation from the supine position to standing can be represented by the 30/15
ratio and the Al (acceleration index). The Al is calculated using the following equation: Al = ((A — B)/A) x 100, where
A is the average duration of the R-R interval during the 15 s prior to the position change, and B denotes the initial
shortest R-R interval following the position change 8. The length of the R-R interval for the 30th beat as a
percentage of that for the 15th beat in the upright position is 30/15 19, Both ratios are associated with
cardiovascular and autonomic nervous functions. Tao et al. investigated using the value of Al and 30/15 to
differentially diagnose VVS and POTS. Compared with children with VVS, the Al was prominently higher in POTS
children and the 30/15 was lower. Thus, both ratios might be useful to differentially diagnose VVS and POTS. For
Al, using a cut-off value of 28.180 resulted in 79.2% sensitivity and 73.1% specificity. The adoption of a 1.025
threshold for 30/15 resulted in 87.5% sensitivity and 61.5% specificity. Using both ratios jointly, the sensitivity was
elevated to 95.8% and the specificity to 80.8% for diagnosis 29,

2.4. Frequency Domain Indices of Heart Rate Variability (dULF)

HRV (heart rate variability), as a functionality indicator for the autonomic system, exerts an indispensable effect on
the VVS pathogenesis. Wang et al. explored the utility of the HRV frequency-associated indicators dULF (daytime
ultra-low-frequency), nULF (nighttime ultra-low-frequency), dVLF (daytime very-low-frequency), and nVLF
(nighttime very-low-frequency) to differentially diagnose POTS and VVS. In children with VVS, the values of nVLF,
dVLF, nULF, and dULF were much higher than in children with POTS, suggesting that VVS is associated with
greater sympathetic excitability. Further analysis found that dULF could serve as a physiological marker to make a
differential diagnosis between the two disorders as it yields a higher predictive value than the other indicators.
Through the dULF value evaluation based on an ROC (receiver operating characteristic) graph, the diagnostic
differentiation of VVS from POTS was achieved. Children with clinical symptoms of Ol were diagnosed as having
VVS if their dULF was > 36.2 ms?, for which the diagnostic sensitivity and specificity were 71.4% and 75.0%,

respectively [21,

| 3. Individualized Therapy

It has been assumed that absolute hypovolemia, autonomic neural imbalance, peripheral vascular resistance
dysregulation, and hyper-adrenergic responses are involved in Ol pathogenesis 4. Hence, children with VVS or
POTS have received salt, water, beta-blockers, or midodrine as treatments. Occasionally, octreotide or
pyridostigmine have been used to treat POTS patients, albeit with varying efficacies [221231124125]126] - Considering
their different mechanisms and the poor results of current treatments, scientists have sought improvements using

individualized treatments. Great improvements were achieved in terms of individualized therapies and before the
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application of any treatment, biological markers or predictors could provide useful information for doctors to choose
a specific treatment regimen (Table 2) (Figure 1).

AVP/ Plasma copeptin
Orthostatic plasma norepinephrine
Blood pressure changes in the upright

CNP
. FMD Changes in heart rate during
H2S in erythrocyte ° Qs
* BMI
BRS MCHC
@® Salivary Cortisol Levels HRV
FMD ®  VEFmdLves Al
MR-proADM . s BRS
24-hour urinary T 24h urine NE
HR and HR Difference
] ¢

Figure 1. Biomarkers to predict individualized treatment for VVS and POTS in chronological order. POTS: Postural
Tachycardia Syndrome; VVS: Vasovagal Syncope; HR: heart rate; FMD: Flow-mediated vasodilation response;
MR-proADM: Pro-adrenomedullin; AVP: Arginine vasopressin; CNP: C-type natriuretic peptide; BMI: Body mass
index; BRS: Baroreflex sensitivity; MCHC: Mean corpuscular hemoglobin concentration; LVEF: Left ventricular
ejection fraction; LVFS: Left ventricular fractional shortening; Al: Acceleration index; HRV: Heart rate variability; 24

h urine NE: 24-h urine norepinephrine.

Table 2. Clinical indicators used to predict individualized treatment of POTS and VVS.

Biological
Diagnosis Treatment Markers or Cut-off Sensitivity  Specificity  Year
Predictors
non-
POTS Qtcd [27] 43.0 msec 90% 60% 2016
pharmacotherapy
Salivary cortisol
4.1 ng/mL 83.30% 68.70% 2017
levels [28]
24-h urinary
ORS . 124 mmol/24 h 76.90% 93% 2012
sodium [29]
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midodrine

hydrochloride

Changes in
heart rate during
HUTT [30]

BMI [31]

BRS [32]

MCHC [33]

MR-proADM [34]

FMD [35]

st in
erythrocyte [36]

Blood pressure
changes in the
upright position
[37]

AVP/Plasma
copeptin [38]

pre-treatment
increase in HR =

41 beats/min

maximum upright
HR in 10 min =
123 beats/min

18.02

17.01 ms/mmHg

347.5 g/L

61.5 pg/mL

9.85%

month

27.1 nmol/min/108

SBP < 0 mmHg;

DBP < 6.5 mmHg

10.482 pmol/L

84%

92%

85.70%

68.80%

100%

76.9%

71.6%

78.90%

72%

81.30%

56%

82.80%

87.50%

63.20%

71.60%

93%

80%

77.80%

88%

76.50%

2015

2016

2016

2017

2012

2013

2013

2014

2014
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Orthostatic

plasma
metoprolol ) )

norepinephrine

(39]

AVP/Plasma
copeptin [40]

CNP [41]

HRV [42]

HR and HR
Difference [43]

orthostatic
VVS o Al [44]
training

midodrine FMD [45]
hydrochloride

3.59 pg/mL

10.225 pmol/L

32.55 pg/mL

TR index < 33.7;
SDNN index <
79.0ms

HR5>110

beats/min

HR 10> 112
beats/min

HR difference 5 >

34 beats/min

HR difference 10
> 37 beats/min

26.77

8.85%

76.90%

90.50%

95.80%

85.3%,

82.50%

84.62%

85.29%

97.56%

85.00%

90%

91.70%

78.60%

70%

81.80%

69.23%

69.70%

89.47%

64.86%

69.20%

80%

2014

2014

2015

2019

2020

2019

2012
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increase of 30

metoprolol HR [46] ) 81% 80% 2007
beats/min
two LVEF >
80.00% 100.00%
month 70.5%
LVES >
90.00% 90.00%
38.5%
LVEF and LVFS
2018
[47]
Six LVEF >
81.30% 88.90%
month 70.5%
LVES >
93.80% 66.70%
37.5%
Yong Er
BRS [48] 10 ms/mmHg 82% 83% 2019 9
24 h urine NE 1cope
34.84 ug/24h 70% 100% 2019
[49]
1t

understanding. Auton. Neurosci. 2018, 215, 78-82.
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orthostatic hypotension, neurally mediated syncope and the postural tachycardia syndrome. Clin.
3.4tPhysislogical lidicatars Predicting the Efficacy of Non-Pharmacotherapy Treatment in

%hggﬁﬁﬁ%ﬁh EgTéostural tachycardia syndrome: A heterogeneous and multifactorial disorder.
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C|rculat|on durlng an uprlght osture 281291 Muyscle weakness can be prevented and sympathetic act|V|ty increased

g D|a9n05|s and treatment process in V&SOV&%?J sr}/nco e in children.
by mod rate’ ph S|cal tralnlng Acting_as a blood p ump le muscles make an i ant contribution to improving

Zhon%% hi Yong Er Ke Za Zh| 2017, 32, 3
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identifying patients who will respond to nonpharmacotherapy treatments requires further research.
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9. BRwcoveciddbT itentaigishetsiok. (Wed)L.; Xie, Z. Transient aphasia: A rare complication of head-up

tilt test. Neurol. Sci. 2014, 35, 1127-1132.

Autonomic dysfunction is believed to be a critical mechanism of POTS and could serve as an important therapeutic

10. Wang, R. Two’ mpan ree’ rowd: Can H he thir
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transmitter? FASEB J. 2002, 16, 1792—-1798. . _ _ _ .
pharmacotherapy treatments. Physical freatment, which is non-invasive and does not involve drug treatment, might

litnpY@angsyGiptdvins, LhoWiseg il .efitang ald/ inQinslstépa &R, Iaerige 4l MsstedmnAdlechd muboAtiang,vBus
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resulted in 90% sensitivity and 60% specificity B2, Thus, in children with POTS, QTcd might help to predict the

I8 ¥erdpphysicBWaaRdnB.; Stubi, C.-L.F.; Bonard, C.; Graff, M.; Michaud, A.; Bischoff, T.; De Vevey,
M.; Studer, J.-P.; Herzig, L.; et al. Iron supplementation for unexplained fatigue in non-anaemic
- Raliveen chrosdilevaind randomised placebo controlled trial. BMJ 2003, 326, 1124.
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saliaiylednt&RBtBAB Edri6AISamong POTS patients compared to the controls. In addition, children who

16 A 5 P R R DR R X 18 B R A A S A (o I AP T Fai 3B b e
norblﬁagoq%eés.gl_rllpatients with POTS, the at-awakening salivary cortisol concentration could predict the

S than

effectiveness of sleep-promoting therapies. The AUC value was 75.8% with 83.3% sensitivity and 68.7% specificity
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3'1&|'n? §/|Sc?0?gigggP§egng9§§gort e Oral Rehydration Salts Efficacy in Pediatric POTS
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redistribution of the blood volume decreases the central blood volume; however, the total blood volume does not
29iak82: Ga fnen: Benbhiarlia Vang wihdvand: Xilihek sonains i 0ands S B e Srom M arh @ with
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in Children. J. Pediatr. 2019, 207, 59-63.
Hypovolemia is one of the pathogeneses of POTS. Although the underlying pathophysiology of POTS is uncertain

and much effort has been made to treat cases, increasing the blood volume by elevating salt and fluid consumption
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showe oth larger mean corpuscular vo ume (MCV) and lower mean corpuscular hemoglobin concentration

3@ICHC R aMan GaredindeiRndsatbisathstvdMor ShikadpinG PAaia, M.chiasingish PODTRhelpoRiSs to ORS
had_basetnd|@vec ardhacadiginseo s gostur alobrispstaicst dely 0aslaTsenE @ingraphAsig desikdGhad bk
AULGOp=0icABHBre2B8B8e of MCHC was 0.73. An MCHC cut-off value of 347.5 g/L resulted in 68.8% sensitivity

3@“8 %\%{’r? Py M'C'%{ﬁre}ge Prpﬂ \ Ofl\?%s ﬁe%ﬂggaeggﬁirﬁrbloo volume and cardiac output and

3. 1’?5”3%?:%‘?0 33lical Predictors for fite Midodrne HyroChioriad EifiCacy aneag PGYEOme:

Ch"AiH] . Physiol. Heart Circ. Physiol. 2007, 293, H19 8-H1917.

40. Lu, C.-C.; Diedrich, A.; Tung, C.-S.; Paranjape, S.; Harris, P.A.; Byrne, D.W.; Jordan, J.;
A cpigBLIASISs ”bp"\‘}\?a{’ehryusﬁ‘a% '?8'npaosT5’r8%¥1 P&E‘i‘s*"rétd%%bs'%os“{/“rﬂ':(?e”p |rr6<‘:'u‘1a%%*r'1a566%$”iﬁk?”zé%%?rd'”g'y
in rfé%%t years, the application of peripheral vasoconstrictive medications has been put forward as a way of

syncope relapse prevention for POTS patients. An alpha-1 adrenoreceptor agonist called midodrine hydrochloride

Adar MRS te- YastarP Gurh ¥ - (MMAIEH BERSHREANHIBSMRORARMGA fbATTRSIRICHRIRIETANGE H&rHRnt of
POPENREIBUE Y PAHRRSIOBN VASANIER  RMRGRRE AN IRRIPHFE R AR RS IC R HRATAMErdsHinde rate of
only medzﬂ% 44, ﬁjréreﬁﬂ‘g a pre-treatment prediction of midodrine hydrochloride’s therapeutic effect on

A0FRARYIEPe clingsaly: mpegant ipmprvetheaPewisRerSURNFSSr urinary sodium excretion and

postural orthostatic tachycardia syndrome. J. Pediatr. 2012, 161, 281-284.
e Pro-adrenomedullin (MR-proADM)

43. Chen, G.; Du, J.; Jin, H.; Huang, Y. Postural Tachycardia Syndrome in Children and Adolescents:
Thadbogamgsiotog yradud knigak ddaloage nirepioveo synpeshataDiR0j s bfdincreased HR when standing.
MRHSARY IF A BALS PRAEGTARSKIT e AURHES BRMFSRARRD, PR B RsEY . B'L”ﬁ Lydpigirete,
and) 2NN A9P IR M S  RRSRANCKA'T. PEMR - BRaRYI CBR ARSI gt fRtoRFAAE. POTS

patllg &g? Sa%\gltqﬂf %T¥f8?§°ls Among midodrine hydrochloride responders, the plasma MR-proADM
level was prominentlfl high’er in contrast to the non-responders. The AUC for the forecasting effect of MR-proADM

ARas> R Lah M RENOEHILRINE VoK €130 BSS ANAL TRANREN 1P h Y95 QBRIMADIE Y 2R, ARIGRERNor
pretRaigiimYdaIeR WURSBRUIN RO HRESS FORkatt Pt 2818, 63, 1527-1528.

46. Lin, J.; Liu, P.; Wang, Y.; Li, H.; Li, X.; Zhao, J.; Tang, C.; Du, J.; Jin, H. Evaluation of the changes
%eaﬁd'apdd'uarsiﬂa'l té%ndr%s o3t ;5 otl)t\fting the efficacy of oral rehydration salts on postural
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Abrlanhdoarﬁiailayndrleade to dyutdoaratidh ohghtightmkKestalZinie2@1Zmcb3wRibh23erts a pivotal effect on the
[59]

ORRBHINGEIERE 195K DS Xt e erRdand vessda e KB o

P\(/)asé;ul:atrt d,gﬂBlbaesﬂfnC%?ams 1ac 3%-?8' e'I?r'tca”)o{tnu& Rfﬁe@ﬂ%hg Ih-ilrdorte fe hll@lgﬁgnho a Ne arkgdrx }?eqher

FM an the confr 0 d rn e- eat ent HUTT and th hg Jesponded to midodrine h drochlorde
Pnol“ B/ SR LYY S THES PIe LaPsvAst, EcRBG "3t 8 "9deersied to midodrine hy |
exhibited promlnently hlgher pretreatment FMD compared to the non- responders (p < 0.05). An ROC curve

43 BLnsaab Kord@HRRS FC o GRO RIS G WESIR hy dfliansiseNhMaph s eloPs) AR ifacs B.8svs
resi@IMNAlla Bse Rxngrde T7Esntrah@ngd BriipkryabPostexrigiseBlonddumssure attY8sdl@idodrine
hydRRBRAIASES iR XPINSA IS Withabesiterede BehiRBRY terExabntO e Seh Ry 129%1.6% and the

4‘9"?‘%‘?@\%aL?tlJ,'J.M.; Taneja, |.; Medow, M.S. Reduced body mass index is associated with increased

angiotensin Il in young women with postural tachycardia syndrome. Clin. Sci. 2007, 113, 449—-
. 4g(}rogen sulfide in erythrocyte (H,S)

50né.iptdchardstg, tgtLiegds. ; t€ DT Y. sirapgmX. idarje g D, he ; ainekteBsidty Hbassbedax (B )vuslume.
Middesoeiayecbwtilvitiee hBheragpeotistiResp ersetio 0 ndtRetsydititi0 BHutidodim E hijdrechwitteRastumaht
redlieeihyasrytiar@ymdtoend UPE ddtrHGacden) . i20dd 27/ hiBad+dRiBis effective in some, but not all, patients
SYMRRRal RIS RIOie Rk 1 BRI BRI BLME S SO B e A oS R s e
g Resaali S5 RIEHEY S e SR LS b DR g2 markedly
LIS 1 B Far Tc RSl PE e S e B AR SRS 90 5, 1990 268
found that the amount of H,S produced from erythrocytes was prominently larger in the POTS patlents compared

3. Rl contfolE OatWBhIRCRYF AR SYNE PRAURRT VaLHoataNA81RidkRfind3RRre3tide responders

5P RAJIEFIOMIRPRINAEI =i BYUA. RdlgiGitEhipibfar drefrsRaRMigI ARG i Ghrdf iH2S
capgﬁleﬂqé‘pi%ﬁsﬁagdﬁe miﬁ%@ﬂ&gt%mgggeamg {589 TS was 0.813. An erythrocytic H,S level > 27.1

nmoI_/min/lO_8 resulted in 78.9% sensitivity and 77.8% specificity for predicting midodrine hydrochloride’s effects in
S&iIEtEHWiH%.P{S,[&{ang, Y.; Liu, P.; Sun, C.; Chen, Y.; Tang, C.; Jin, H.; Du, J. Baroreflex Sensitivity

Predicts Short-Term Outcome of Postural Tachycardia Syndrome in Children. PLoS ONE 2016,
. B8RS changes in the upright position

55. Lin, C.J.; Chu, Y.K.; Chern, C.M. RBC volume def|C|ency in patlents Wlth excessive orthostatic

MegeiEieal IR, OA RPN 5 HOR ICEOAS SRS, 7 Mg varochloide has a
vasoconstrictor effect, thus it was speculated that children with reduced vascular resistance and a slower response

38 bio Y \bref30rdth¥MHes dutiHg \We M- nfjihe JedpempprameliicMarsdree RiardichiRiEagy Qfal.
expiorah ReRpaistiansiy Graddren withBastiahdachvsardiansy pdreme. dsfedidlaaiihé ARkoddGe's

the?e%@utic efficacy among pediatric POTS sufferers. As revealed by ROC graph analysis, midodrine hydrochloride
ST REGRYVE WS glBvaion inSRP KA bIoRH AEESUESUWES FHRFPIS 96F 5yt FainaR Y cdasiglic blood
PresyaraMaE i CRIMIFRHI ZRRHMIRSEANRIBY K74 0 he Ry 1n s8ildrgH with POTS. Using SBP and DBP to
predict midodrine hydrochloride’s therapeutic effects resulted in 72% sensitivity and 88% specificity, with the AUC
5\§3a|uzeh%ne%g 0. JrJt4 anQQFQS‘g -I;es(p\’Qc R/e,y'@'.ao’ Y.; Tang, C.; Jin, H.; Du, J. Midregional pro-
adrenomedullin as a predictor for therapeutic response to midodrine hydrochloride in children with

. Regtialathmetaticiasiynatdia yngdigme. J. Am. Coll. Cardiol. 2012, 60, 315-320.

59. Stewart, J.M.; Montgomery, L.D. Regional blood volume and peripheral blood flow in postural
tachycardia syndrome. Am. J. Physiol. Heart Circ. Physiol. 2004, 287, H1319-H1327.
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6Qidsthiep ety dodhidmpbel, iivbeflioacyiradzlpihrapaanena GO B dyisihtidiag yHe raptieine nfiagropathetic
nerpex imtdicetaviractid ieyeniy 9§ pedpeerd) AemsCSl. TBardkiolly1 923t H8duri DT copeptin is equimolar to

SoL5L8 P AVES, 39 B PR e i o AR oy AR P B P B B S
O e el VAL A 'S %er'ét&?‘c':{‘oer%‘%‘i%8¥§t68"uf%“#§£p[%]r%e’%80%%B%rﬂ%% AydYoehorde e
PO B it O Sl R S S e R ATl S S ST Sa%h CIPPARB BT SeR Y BAUrEDqnd the
plasma copeptin levels in patients who responded to midodrine hydrochloride were prominently higher compared to

6 YBRGedpofidts; Redaiding e e 1drin&prddictive SigRfcaned 8NPaSmalddpdptifinisiafiosiEa 8. A cut-
off QRINEIAHG RONYFRIFIARYFAERAMEEE HUsRSAR eExRCHie Yo agRBRMIdRARE. 565REBSAS for
preBRERGIHRG RN REAGRAICHRBride B ety 20%3atkRPrd+8%sL 173.

63. Franklin, L.; Bauce, L.; Pittman, Q.J. DePrI_etion of central catecholamines reduces pressor
3Lg fonodienl Redisiyr lef s Eificasy fffYefanraiy dzediatric POTS

62SiBEAtENAFERIRY, Hodkersaars ; ¢isinBeREST . INOkIEs MANRgeERietaplg PSdiatRgh e T.SDRatENtsin ThRey inhibit
SYMHHERYA G HEHRSYRISTRAREY N AU IRGHE B I B aF dnesBeRTataS @ theaiRca by BfeABOaTiHRsPY
blogigiaguiag tiee'staricPAtIRFEAr IR AFBFRRIIPOT I5UBIThHIGHAYEP cRiltr SEFRRARON DO 8, ymIPrYs. are

imppoxed using B-blockers 260 |n addition, B-blockers might affect children’s exercise tolerance [,
Therefore, to improve therapeutic effectiveness, it is important and clinically significant to predict the efficacy of

G%é O%FB Orl,rea-g:_lé?gc%;\'/lb;e golﬁe%%]%(r:ehatﬁi é rﬂeo fca@fgplaln, J.; Larochelle, P. Pharmacokinetic and

pharmacodynamic effects of midodrine on blood pressure, the autonomic nervous system, and
. BRsmafairIcHeptidpRiAProspective, randomized, single-blind, two-period, crossover,
placebo-controlled study. Clin. Ther. 2008, 30, 1629-1638.
b WEIBIIS"S9'S S8R, N PLUBIRPY N SEAYARSTSTARNR BT TSIE%RA Patifgptat plasma
oG REBPELE L SUARa PRy BB ERYoH AR R8T, BaIE RXnEALAIGHL YRRASREHEIBR 16855 4% koY
hypﬁ_régrenergic biochemical change in patients with POTS 2. Metoprolol's efficacy for managing pediatric POTS
was associated with orthostatic plasma norepinephrine levels. Plasma norepinephrine levels in patients who
GrEsRHRd o METIPRAB: drerBIESAWa ity FTGREF ISP BEINAMIAR YRSPTESRIR-RIGIIRIL CORSEHSinder the
roBeflicienidnanemeifp!Ingissie ABRERTERRTONERLE a5 HRAIENTRL ERRIPYIRRLRdiIghRIes 785. A
norépsiRickmeBIREREMISITY 2PXEA3gR91=83R3  in 76.9% sensitivity and 91.7% specificity for predicting

FBePRERY" S, reampent effeiel an PBTS Y 2Plasma copeptin and therapeutic effectiveness of midodrine

hydrochloride on postural tachycardia syndrome in children. J. Pediatr. 2014, 165, 290-294.
» AVP/Plasma copeptin

69. Wyller, V.B.; Thaulow, E.; Amlie, J.P. Treatment of chronic fatigue and orthostatic intolerance with
Thepkepieatntelerk dee dair0280f e 156 hopekab@hergic status and relative hypovolemia. POTS is characterized
7y Bghveardia gl fadispergs hipltors Ran failt symPaiBieiero sY5LRSH ¥ dPegrsng g fimulus
0 B B TSR e Mt B oS AT Do AN ARG C 5 Fia Ay RSN e P R RIS YR e
e BN RO, iR, RSN Y Sl0g U 4 Bagton levels of AVP might indicate
hyperadrenergic conditions 3. The secretion level of copeptin, a joint AVP glycopeptide, was probably equivalent
7 thROSH P an SHWURY FraiRedih: BibHHSaling Jikinseleeive be@rhlPrkRidhRoRARAIRIfe SMideBRR
corRBRRRINANEUS RS R L BB RIS 6RE RS CRTIFIN S TS BAkS HeditfPe8Rrols, whereas the plasma

copeptin levels of responders to metoprolol were lower compared to the non-responders. An AUC of 0.889 was
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‘Meldéchpanskie Hrefitgiversignilichn&inges|ddiaStetientinD Moakedice pMsrardpeptinPcuk st valyd’.6t.;10.225
pm&infers@ielriking,5vd setaeivilingd J2\6oh epe diidityAqpospiedtiyendtopesipife kdiwaap istullid @hpagitralTs.
Thaadbnec axdialisy pthemzecddayiin il Prgee 26t 2, BdmaAe-T&Qredicting metoprolol’s effectiveness to treat

7%6.%%596.8; Chen, X.; Li, J.; Du, J. Orthostatic plasma norepinephrine level as a predictor for
mgéa eutic response to meéoprolgsin children with postural tachycardia syndrome. J. Transl. Med.

a C-type natriuretic peptide (CN
2014, 12, .

7ANBziaN GnkeIdRGEntRRg, RREUrEisrRerides Bigueken ANRIEHIHE, nRigHErtic) PephdRt-arhiBNg. (brain
nat(pielitg BenFirplasinreisp BlstiMRNG @xerpsrian srlidnBrosiam verpawepr LaiAUeNthg WalkR/PKG axis,
whigl pHeati Y SRENE B8 s HTiersihyOsuBHRIR0IIMTIM. ERASCIRMBIPNESaPeY, \0th Jovsasegydlasma

catecholamine levels. Therefore, Lin et al. believed that plasma CNP could reflect blood catecholamine levels and,

75. Zhao, J.; Du, S.; Yang, J.; Lin, J.; Tang,.C.; Du, J.; Jin, H. Usefulness of plJasma eptin as a
to a certain extent, the heart rate. Trhe‘llr stucR/gshowed that the plasma CNP was s?g J%antly (h:l%%ep among POTS

iomarker to predict the therapeutic effectiveness of metoprolol for postural tachycardja syndrome,
chiIBrenh_?gl.Q iAgl.é‘lJ pg/ml_e) than Ft)he normal controls (25.1 + 18.1 pg;mL ?p < 0.00IpyFor t|1e %etopro ol
in children. Am. J.

ard‘ol. 2014, 114, 601—6(?5. ,
responder patients, prominently higher pre-treatment plasma CNP was observed in contrast to the non-responders.

780 hinCialdant @81 wds weed. A plasiia; CNP But\dfacanc¥ntitaiog, dE > Bus9 pglinl. kbsBladrimeaGdygiavity
of atatpiuaetic peptitietpsfar pre dictorctastingrajpeyticl skspifinsey o A@TGIEEo! in children with postural

tachycardia syndrome. PLoS ONE 2015, 10, e0121913.

+ Heart rate variability éHRV?1 _ _ o
77. Wang, Y.; Zhang, C.; Chen, S.; Liu, P.; Wang, Y.; Tang, C.; Jin, H.; Du, J. Heart Rate Variability

HRUTEHIHE 1RRIBREHIRRESPONSS RS A SridildrRR YHEERS WealgTachy G lagidadf Y ine
HRErﬂmitg{Srlér%ﬁjr %thgealfr%eﬂl?%vﬁh metoprolol could serve as a predictor for its anti-POTS efficacy. In
78 SPEAERfaihR HR\BB9eHENCYORePHitn gk frageermibang L. (Dudremryrase it atodaldtmpost
domainrigrs midsibianteutrdaexy il RENMIHSHRNdRE rRMatis by § IRE/R SKRER BP0 Y1 Bwer

conggarg@ with the non-responders. Long-term observation of the patients revealed that a TR index < 33.7 jointly
7v(‘\sithDan SDNN §g9.0 m\s(cc;_u_ld be va{i)d prﬁlinEwin_ary pre(1cictolr3sI forkthe metoprolol rels onshe in pgdiatsric F('jOTS, with a
. . n ., LI . . - rs on r rdi ndrome in
Sy of 6By pESncly Gkl teacy of P-Blockers on Postural Tachycardia Syndrome
Children and Adolescents: A Systematic Review and Meta-Analysis. Front. Pediatr. 2019, 7, 460.
80. Heandi&e (i) ard: iteart Hatg\RifigfevceDing, Y.; Tan, C.; Yang, M.; Li, F.; Wang, C. Heart Rate and

Heart Rate Difference Predicted the Efficacy of Metoprolol on Postural Tachycardia Syndrome in

Thedﬂﬁo‘?@ﬂ 5%8'%6%?8%‘8&8&'3Sﬁé&&ﬁ%ﬁ"?’z‘l‘fr f&T_S_LEﬂt.ients' responses to 3-blocker treatment via a

mechanism that could be associated with metoprolol-elicited repression of brainstem adrenoceptor activation and

8o MU Non RAAG S E - fardSBREA B Brdin RARQRRKSIRI 9% A% MRRAdE mens O{ Ry ol AOAEREd the
abilﬁyr&qng'lﬂ@]an]d M@%r%@&ﬂgﬁ'tﬂe%ﬁ%ich predicted the metoprolol therapy-associated clinical
SOPEBISTHRNS, ;a@‘ﬂﬁﬁé}qﬁli?qﬂ?u@@é,a@@@ﬁ@%? ROEmskifgrars. Jbarfesylirapeddip: ﬁ@béﬂ@ﬁl@@ﬁﬁhs of
me@m.‘?'EdeﬁtWﬁPR@ih@@t,iqqtﬁwiiﬁl?c?éﬁrs%@wi@ﬂf@ﬁaﬂiﬂiﬁéb@ﬁd@\‘ﬂ%@éd l&gorRsan@ kalisegeancies
COWﬁé%ﬁﬁﬁlmm@tW@@@b@ oANedrdiBO DB i adgesepntsi apd children. An ROC curve assessment

8%:: tBe HR ?nd HREdifE)e_rtlanqe’s éJreEictive _Va|l|.l_eS S[;orbthe eﬁgctil\éeness pfAm(laJtoprfoIi)I result](ced ir)I areas_under the
. DIGIQ o, £.. iiorig, L./ L eonzl . Sabatinl, P.; Barsotti efulness of a tilt trainin
curve o (5.781?}0r HR 5, O.%Og_for Hlf? 1?, 0905 for AR om?erence 5, anJ0.901 or Hg diference 1&)\. AnH IiLS 3110
rogram for the prevention rerracto eurocaral nic syncope In adolescents; A controlle
be:ﬁs? in resulted in I%2.50% senscl)tivit ané 6@.93% Speci |C?t9?or preyo{?ctinla metoprolol’s effect on POTg. An HR
stydy. Circulation 1?99,.100,61 98-1801. e . :
10 > 112 beats/min resulted in 84.6% sensitivity and 69.70% specificity. An HR difference of 5 > 34 beats/min
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Sbs Btaaidikvi3s, 28% |sijasiB/inyMVanhesm 15 Apediicity. O\srReBpdiffsehaf pasne datashilaminee doitilDn56%
serpatientswith. sbebspesifiviell#ds. Acta Med. Scand. 1984, 216, 223-227.

Al oL, X ;- Jip H.; Du, J. Acceleration | Predicts Effi f Orth ic Traini
8&.2.89\&1 n|d2|< wa%raqi ZCe d‘hluherapu J cc_e eration Index Predicts Efficacy of Orthostatic Training
on Vasovagal Syncope in Children. J. Pediatr. 2019, 207, 54-58.

6% 2k Rhysiolpaisal Rredictorslonthe Orthestatic Exersise Bffigacyin Rediatric VVs

8md_gwsstie; Bddemishis.; ¢radrBamcRdeShengsicK fhktoMcElligathdvinal Bimadylefisnidoditne vasomotor
dysplacébo imndearmgenic orthastatity siypciensiif2 fedzionéz cdiodtde doliotbmivlthegvides Stndyon via
orthdstiodrinsrBtoidy iefieupd JA\ MR 88aNRNAT ,0p0d6-H1 PBdiatric VVS. During orthostatic training, the patient
AT, D SOT PR &2 10 B obRe EAesh ety T dkien
=R s Bl A 2 20 Ao o e LR g e i doggronc
the eﬁectlveness of orthostatic training in pediatric VVS, |t is |mportant to identify those patlents with VVS in whom

ButiMimanRiddciSaasliht Be WruHrRIQUINethAMisadsne iR eie iy et iR S YO Genssrl ¢y to
ortbnslid axslerized, crossover study. Ann. Neurol. 2002, 52, 342-345.

90. _I(_Balitta IF Franzoni, F.; Plantinga, Y.; Ghiadoni, L.; Merico, G.; Tocchini, L.; Braccini, L.; Rossi,
. t
I\ﬁ1e C(z:;lcre erilo?é%ﬂféﬁ (%) et al. Endothelial function in young subjects with vaso-vagal syncope.

Al ref%rrget%' g)nhfar{s Eﬁ’l gﬁggﬂ'SZHBGfl Quaﬁlon in patlents that happens during a supine-to-upright transition of

Hostihanglléctingagympatbiet. nEhemctivitdirsurdkDst, €. aThebpeedidtv@ositive ofrfdationddigiteeh the Al and
plasragadhitatiomatinrtloé empeyici e ibacy ofierirdad 60 e hyltinioh| erideingr whsbvargal sy tiop eugoebiianghat
the Zklomigiti o ePhe Stoin YN Hath@a Zintigifl 222 7Tad0@-al03ound that the mean Al was significantly lower in

I TR LA IR REGREAIJEnt SReess: Lot anhRa%% e e
or 8e|rnesB%nserﬁtgé)g;[ a&&ég nyw%_t{lg ap]\_/lg S was evaluate n AUC of 0. was yielded and an Al cut-

off value of 26.77 resulted in 85.0% sensitivity and 69.2% specificity 3
93. Brignole, M.; Menozzi, C.; Gianfranchi, L.; Lolli, G.; Bottoni, N.; Oddone, D. A controlled trial of

3.2:2URhysiblogjaatindiedioristite Bpedictithedificany of alActienelginBeceptor. Aganists|in
Pediztric/UVS39-342.

HneShaddan BpnRagrenargicl ARRERN aGorl@ehmaNndhks folaRarap abfbechal Releabiackaisremmivadims:
resiQdHSE BYAGORR-ESQIHENCRIRIRGIERN 335G 8JR0SINVE JRRRIDRIE RO Jallsyierkif Bl A/ S @ diblore,
perppﬂgﬁal 7§pl5§§g’§r§§s were believed to decrease susceptibility to VVS. In addition, midodrine does not

gReNsiraf ANerhI9OR-DISINIGIRE. resaliRaHD B ENSHS, ¢ffeais Mt dinES AN ARpryptROBR I Isoghostatic
hy R ERRN RISASS IR tra dhh dledePiiie S trd ke RaneBsiphaliar's witmidathiBe s st Spfasd.in a

ser'@%miéwﬂi&s1@gggqu§§3bgg9yer, most of these studies were not randomized, double-blind, or placebo-

controlled studies (8189,
96. Madrid, A.H.; Ortega, J.; Rebollo, J.G.; Manzano, J.G.; Segovia, J.G.; Sanchez, A.; Pefia, G.;

. MaromtaibRak M Kifigrpyeiiptenolol for the prevention of neurally mediated syncope in a highly
symptomatic population: A prospective, double-blind, randomized and placebo-controlled study. J.

VasdarCaltdBiidioty2O0L{i@Y iSohe580the mechanisms of VVS 9. Brachial arterial FMD is capable of

evaluating vascular endothelial function using Doppler ultrasound. Midodrine hydrochloride might play a
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the2(p@dti 2 bffisd6~B2Ah.those with poor therapeutic efficacy. The AUC for the predictive significance of FMD was

o Bre vl B2 el P et ald 8. NP YR E):, e BRI MR LEh B 5P midodrine

hydrpchloride’s efficacy in VS treatments 211, . .
yOV%tsovaga syncope: A prospective, randomized, crossover evaluation of the effect of propranolol,

3.22%‘."13;' %ﬂ'g%?&ﬁﬁ%&%%&%"?& i BB EffiRasy i Betatric 8! Cardiol. 2002,
JGPSRSTONAMR PFRB el SO 8RB AN U 8T Re s P AL ARG St N8k ARRGAPe
" &R LB LA SR ASLEE, YR, 'greg8 s o ympathetic tone reduction and serum
adrenaline elevation before syncope 2. Several uncontrolled studies reported that B-blockers were effective;
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Abnormal sympathetic activity exerts an indispensable impact on the VVS pathogenesis 119, Syncope might occur
in upright positions when sympathetic compensatory activity is reduced 11, B-blockers are effective at hindering
the activity of the circulatory high concentrations of catecholamines; however, their effectiveness was inconsistent
[99IL12][113] ' \which suggests that children with VVS have different baseline sympathetic activities. A study observed
that metoprolol responders (40.75 = 12.86 ug/24 h) had prominently higher 24 h urinary NE concentrations
compared to non-responders (21.48 + 6.49 pg/24 h) (p < 0.001). An ROC curve was used to assess the ability of
24 h urine NE to forecast VVS sufferers’ responses to the metoprolol therapy. With a 34.84 ug/24 h threshold for
the 24 h urinary NE, both the sensitivity (70%) and specificity (100%) were high for predicting the effectiveness of
metoprolol in the treatment of VVS [114],
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