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Purpose: To explore the value of the longitudinal axis/transverse axis ratio (L/T) of Poincaré plot in selecting children with vasovagal
syncope (VVS) who were suitable for metoprolol therapy.
Patients and Methods: Children with VVS hospitalized in Peking University First Hospital between January 2012 and June 2019
and treated with metoprolol were retrospectively included as the training set, and children with VVS hospitalized between July 2019
and December 2020 were included as the validation set. The sex, age at admission, height, weight, body mass index, course of disease,
syncope symptom score before metoprolol treatment, treatment duration, supine heart rate (HR), supine systolic pressure, supine
diastolic pressure, peak HR during the head-up tilt test (HUTT), changes of HR during HUTT, hemodynamic response during HUTT,
left ventricular ejection fraction, left ventricular fractional shortening and the L/T of Poincaré plot were compared between responders
and nonresponders in the training set. Logistic regression analysis was conducted to explore predictors. Receiver operating character-
istic curve was utilized to determine the value of the predictors for selecting potential responders. Finally, the value of the predictors
was further verified.
Results: In the training set including 105 children, the L/T in responders was distinctly higher than that in nonresponders (P < 0.001),
and there was no apparent difference between the two groups in other indexes. The L/T was statistically related to the efficacy of
metoprolol (P < 0.001). The L/T >2.7 yielded a sensitivity of 88.2% and a specificity of 82.8% for indicating responders to metoprolol.
Taking L/T >2.7 to select potential responders in another 43 children with VVS in the validation set, the sensitivity was 96.6%,
specificity 71.4%, and accuracy 88.4%.
Conclusion: The L/T of Poincaré plot >2.7 can be a useful tool to select potential responders to metoprolol therapy in children with
VVS.
Keywords: Poincaré plot, metoprolol, vasovagal syncope, children, Holter

Introduction
Syncope which accounts for 1%−2% of emergency visits is common in children.1,2 Vasovagal syncope (VVS) is the
leading cause of syncope in children, constituting 75%−80% of the causes of pediatric syncope.3,4 VVS refers to
a syndrome in which various stimuli, mediated by vagal reflex, dilate the peripheral vascular bed in muscles and
viscera and slow the heart rate (HR), leading to the drop of blood pressure (BP), sudden bradycardia and subsequent
cerebral hypoperfusion.5 The patients present with temporary loss of consciousness in specific situations, such as long-
term standing and emotional stress, and can recover spontaneously in a short time without signs indicating abnorm-
alities in nervous system.5 Children with VVS may suffer from accidental injuries caused by syncope episodes.6,7 In
addition, recurrent syncope and the anxiety about the recurrence prevent some children from going to school and
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participating in daily activities, which seriously affects the physical and mental health of the children.1,8 Therefore,
appropriate and effective management for children with VVS is an essential issue to be concerned. However, a recent
meta-analysis of previous randomized controlled trials (RCTs) has shown that non-drug therapies (health education,
trigger avoidance, and increased salt and water intake, etc) could only work in less than 60% of the patients with VVS.9

Drug therapies are recommended by the guidelines for patients with VVS who have failed to respond to non-drug
therapies.1,10 Although the mechanisms underlying VVS have not yet been fully elucidated, excessive sympathetic
activity is thought to play an important role in some cases, providing a rationale for the treatment of VVS with beta-
blockers.11–16 Some studies have shown that beta-blockers can be effective for VVS.17–24 Therefore, beta-blockers
(such as metoprolol) are mentioned for VVS in current guidelines for pediatric/adult syncope.1,10,25 However, of note,
not all patients with VVS responded to metoprolol therapy and the previous studies showed response rates of only
about 50−77% with empirical use of metoprolol.19,21,23,26,27 The poor efficacy of the unselected use (instead of target
therapy) of metoprolol may be due to the complexity and diversity of the pathogenesis of VVS.28 The classic
pathogenesis of VVS includes Bezold-Jarisch reflex, abnormal autonomic nervous activities (enhanced or weakened),
insufficient circulating blood volume, excessive vasodilation.29–31 Metoprolol, which acts as a beta1-selective adre-
noreceptor blocker and counteracts sympathetic overactivation, is presumed to be effective especially in the children
with enhanced sympathetic activity and/or high catecholamine status.29,32,33 Therefore, in clinical practice, it is urgent
to identify the patients with enhanced sympathetic activity simply and then to achieve individualized treatment with
metoprolol for pediatric VVS.

To accurately identify the children with VVS who were suitable for beta-blockers therapy, several studies were
conducted to find the biomarkers. Previous studies showed that the changes of HR during the head-up tilt test (HUTT),34

baseline left ventricular ejection fraction (LVEF) and left ventricular fractional shortening (LVFS)29 were of predictive
value for the efficacy of metoprolol in the treatment of pediatric VVS. However, the HR of children during HUTT can be
affected by many factors during the limited 45 minutes, while the values of LVEF and LVFS may fluctuate not only due
to the different states of preload, afterload, and myocardial contractility of the patients, but also due to the different
experience and operative techniques of the ultrasound operators. Consequently, the predictive accuracy of the above
indicators may be affected. Therefore, it is necessary to explore more stable and targeted indicators that reflect
sympathetic activity to help to select patients with VVS who are suitable for metoprolol therapy.

Poincaré plot, also known as Lorenz-RR scatterplot, is a “visible graph” for the cardiac rhythm converted from the
long-term (usually 24 hours) electrocardiogram (ECG) monitoring data. It is a set of points marking the positions of all
adjacent RR intervals (ie, time between heartbeats) on a rectangular coordinate system and intuitively reflects the
distribution of adjacent RR intervals during a whole day. Studies have shown that the graph of Poincaré plot can be
used to assess autonomic nervous activity.35,36 The longitudinal axis (L, also known as length) of Poincaré plot represents
the overall variability of the 24-hour HR; and the transverse axis (T, also known as width) of Poincaré plot represents the
difference between adjacent RR intervals, indicating the change of instantaneous HR (Figure 1).36–38 Studies have shown
that longitudinal axis/transverse axis ratio (L/T) is an indicator of cardiac sympathetic activity, known as cardiac
sympathetic index,39 and it can provide a comprehensive assessment of autonomic nervous functions since it integrates
the 24-hour ECG data as a whole.36–39 Therefore, the L/T of Poincaré plot is supposed to be a stable, visual, non-
invasive, and easy-to-apply predictor for the efficacy of metoprolol therapy for pediatric VVS. Thus, this study intended
to explore the value of the L/T of Poincaré plot as an indicator for selecting potential responders to metoprolol therapy for
pediatric VVS.

Patients and Methods
Participants
Children admitted to the Pediatric Syncope Center, Peking University First Hospital between January 2012 and
December 2020, diagnosed with VVS and treated with oral metoprolol were retrospectively included as the study
participants, among whom the patients hospitalized between January 2012 and June 2019 were included in a training set,
while the patients hospitalized between July 2019 and December 2020 were included in a validation set.
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We included the patients diagnosed with VVS and treated with oral metoprolol for at least 1 month in the Pediatric
Syncope Center, Peking University First Hospital between January 2012 and December 2020.

We excluded the patients who had no episodes of syncope within 3 months before admission; those who combined
diagnosis of other diseases affecting autonomic nervous activities or the shape of Poincaré plot, such as peripheral
neuropathy, thyroid dysfunction, diabetes, premature contraction, infection, hypertension, or anemia; those who were
receiving pharmacological interventions other than metoprolol for VVS (such as midodrine hydrochloride) or other
treatments affecting autonomic nervous activities; those who showed poor treatment compliance or irregular medication;
and those who had incomplete data or poor quality of Poincaré plot.

The data we collected included demographic data [sex, age at admission, height, weight, and body mass index
(BMI)], case history [course of disease, syncope symptom score before metoprolol treatment (ie, baseline syncope
symptom score), and treatment duration], hemodynamic data (supine HR, supine systolic pressure, supine diastolic
pressure, peak HR during HUTT, changes of HR during HUTT and hemodynamic response during HUTT), echocardio-
gram data (LVEF and LVFS) and the L/T of Poincaré plot.

The present study was performed according to the Declaration of Helsinki and approved by the Ethics Committee of
Peking University First Hospital (2021 [150]). As the study design was retrospective, the verbal consent was obtained
from the legal guardians of the participants by a professional investigator over the telephone before the study, and the
verbal consent protocol was approved by the Ethics Committee of Peking University First Hospital (2021 [150]).

Diagnosis of VVS
The diagnosis of VVS referred to the guidelines for the diagnosis of syncope made by European Society of Cardiology
(ESC) in 2018, in which VVS was defined as syncope caused by pain, fear, or standing typically with progressive
prodrome (pallor, sweating, and/or nausea).10 The diagnosis for patients with typical manifestations was made primarily
in view of a comprehensive history evaluation, physical examination as well as necessary investigations (eg, electro-
cardiogram). For those with atypical triggers, prodromes or presentations, the diagnosis of VVS was made by at least two
experts when other causes of syncope were excluded and symptoms were reproduced during the HUTT.10,40

HUTT and the Hemodynamic Response During HUTT
All the patients were required to stop taking any vasoactive drugs for at least 5 half-life periods and fast for at least 4
hours before the HUTT. A quiet, warm, dimly lit examination environment equipped with first aid medicines and
equipment was prepared. The children rested quietly on the examination bed (HUT-821, Juchi, China) for about 10
minutes, and their HR, BP, and ECG data were continuously monitored. After the above parameters were stable, the
children then stood passively on a 60° inclined bed until a positive response occurred or the 45-minute test was
completed. The standards for a positive response of VVS during the HUTT were syncope or presyncope accompanied
by at least one of the following: 1) the systolic pressure fell to ≤80 mmHg and/or the diastolic pressure fell to ≤50 mmHg
and/or the mean BP drop ≥25%; 2) the HR descended below the following lower limits: 75 bpm for 4−6-year-old
subjects; 65 bpm for 7−8-year-old subjects; 60 bpm for subjects over 8 years of age; 3) sinus arrest with compensatory
junctional escape rhythm; and 4) transient second- or third-degree atrioventricular block or asystole ≥3 seconds.1 The
hemodynamic response during HUTT was defined according to the Vasovagal Syncope International Study (VASIS)
classification, which included vasodepressor type, cardioinhibitory type, and mixed type.25,41 A vasodepressor type was
characterized by a significant diminution in BP without a significant reduction in HR; a cardioinhibitory type was defined
by a significant diminution in HR without a significant decrease in BP; and a mixed type included significant drops in
both HR and BP.25,41 All the included patients underwent HUTT before the metoprolol treatment.

Baseline LVEF and LVFS Calculation
Baseline LVEF and LVFS were measured by an echocardiography machine (Aplio Artida SSH-880CV, TOSHIBA,
Japan) with a linear 2.5−5 MHz transducer before the metoprolol therapy. Left ventricular end diastolic diameter (LVDd)
and systolic diameter (LVDs) were detected by M type echocardiography through the parasternal long axis view when
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patients were in a supine position. LVEF and LVFS were calculated automatically and digitally recorded by the
echocardiography machine, and the calculation formulas were:29,42

LVEF = (LVDd3 − LVDs3)/LVDd3

LVFS = (LVDd − LVDs)/LVDd

Twenty-Four-Hour Holter Monitoring and the Measurement and Calculation of
Poincaré Plot
The 24-hour Holter monitoring was performed before metoprolol therapy. The patients were required to avoid emotional
agitation, strenuous exercise, or taking food and drugs that could affect autonomic activities on the day of 24-hour Holter
monitoring and the day before. None of the children included in this study had an episode of syncope during the Holter
recording period. The Mortara Holter dynamic electrocardiogram monitor (Mortara Instrument H3+TM/H12+TM,
Milwaukee, Wisconsin, USA) was used to continuously record the 24-hour dynamic ECG data, and the Mortara analyzer
(Mortara H-Scribe 7.0, Milwaukee, Wisconsin, USA) was used to analyze the data and automatically construct
a Poincaré plot.

Figure 1A shows the forming principle of Poincaré plot. A point in the two-dimensional coordinated system is
determined by the abscissa and ordinate values. Taking a point determined by two adjacent cardiac cycles as an example,
the point in the rectangular coordinate system is identified with a cardiac cycle length a (ms) as the abscissa value and the
subsequent cardiac cycle length b (ms) as the ordinate value (Figure 1A). As a result, such a point is determined by three
successive QRS waves (R waves) and the two RR intervals. It is stipulated that the first RR interval (R1R2) and
the second RR interval (R2R3) (R1→R2→R3) constitute the first point, and the second RR interval (R2R3) and the third
RR interval (R3R4) (R2→R3→R4) constitute the second point, and so on. The Poincaré plot derived from 24-hour Holter
recording will be formed when the points with the same characteristics are clustered together, showing a graph with
cardiac rhythm features.37,43,44 In other words, the Poincaré plot is a type of statistical chart of RR intervals. If the two
adjacent RR intervals are equal, the corresponding point will be distributed on the 45° line (ie, the line of identity). The
L of Poincaré plot was defined as the maximum length of the distribution of Poincaré plot along the line of identity;45 and
the T of Poincaré plot was defined as the distance between the two straight lines that were parallel to the line of identity
and tangent to the boundary of the dense part of the graph35,45 (Figure 1B). Adobe Photoshop 2020 software (CS6,
13.0.1, Adobe Inc., USA) was used to measure L and T of Poincaré plot, and then the L/T of Poincaré plot was
calculated.

The L and T of Poincaré plots of all included children were measured by a dedicated investigator. Prior to this, the
stability and repeatability of the measurements were tested. In the stability test, the dedicated investigator performed two
measurements on the Poincaré plots from 15 subjects with an interval of 1 week, and then the values of the two
measurements were compared. In the repeatability test, two investigators (including the dedicated one) measured the
Poincaré plots from 15 subjects independently, and then the measured values of Poincaré plots from each subject were
compared.

Metoprolol Therapy and Follow-Up
All the patients included were instructed with hygienic measures (ie, health education, trigger avoidance, increased salt
and water intake and physical counter-pressure maneuvers) before and during the metoprolol therapy. All the patients
included were treated with oral metoprolol (25 mg/tablet, AstraZeneca Pharmaceutical Co., Ltd., London, UK) at an
initial dose of 0.5 mg·kg−1 per day in two oral sessions and the dose was progressively increased to a tolerable one, with
a maximum dosage of 2 mg·kg−1 or 50 mg per day (whichever is lower). The contraindications of metoprolol were
obvious sinus bradycardia, second- or third-degree atrioventricular block, bronchial asthma, and allergy to the medicine.1

The severity of the disease was assessed by the syncope symptom score based on the frequency of syncope
episodes.29,46,47 The syncope symptom score was as follows: 0, no syncope; 1, once/month; 2, two to four times/
month; 3, two to seven times/week; 4, more than once per day.29,30,46,47 The baseline syncope symptom score was
evaluated by the average frequency of syncope episodes within 3 months before metoprolol treatment. After 3 months of
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metoprolol treatment, all the patients were followed up by hospitalization, outpatient clinics or telephone, and their
frequency of syncope episodes during the metoprolol treatment and the treatment compliance were collected, recorded,
and checked by professional investigators. The primary endpoint was a reduction of syncope symptom score by at least
one point at the end of the 3-month follow-up. That is, if the syncope symptom score at the end of 3 months of
metoprolol therapy, which was evaluated by the average frequency of syncope episodes during the 3 months of
metoprolol treatment, decreased by at least one point from the baseline syncope symptom score, the therapy was
considered effective, otherwise, it was considered ineffective.29,46,47 The patients were divided into the effective group
(responders) and the ineffective group (nonresponders) depending on their response to the metoprolol therapy.

Statistical Analysis
Statistical analyses were conducted using SPSS version 21.0 (IBM, New York, USA). The normality was tested by
Shapiro−Wilk. Data conforming to the normal distribution were represented by mean ± standard deviation and
independent sample t-test was used for comparison between groups. Data not normally distributed were represented
by median (interquartile range) and nonparametric Mann−Whitney U-test was used for comparison between groups. The
stability and repeatability of the Poincaré plots measurements were tested by paired t-test. Categorical data were
expressed as n (%) and comparison was performed using Chi-square test or Fisher’s exact test. Indexes of P < 0.1 in

Figure 1 The illustration for forming principle and measurement method of Poincaré plot. (A) Schematic illustration of the forming principle of Poincaré plot. A point in the
Poincaré plot is constructed from the value of a cardiac cycle (abscissa a) and the value of a subsequent cardiac cycle (ordinate b). (B) The illustration for the measurement
method of a Poincaré plot from an 11-year-old girl. The longitudinal axis of Poincaré plot was defined as the maximum length of the distribution of Poincaré plot along the
45° line (ie, the line of identity); and the transverse axis of Poincaré plot was defined as the distance between the two straight lines that were parallel to the line of identity
and tangent to the boundary of the dense part of the graph.
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the univariate analysis were taken as potential predictors and were brought into the binary logistic regression to obtain
the correlative factors for the efficacy of metoprolol therapy using the forward-step selection method. Receiver operating
characteristic (ROC) curve was utilized to estimate the value of the determined index in identifying potential responders
to metoprolol. P < 0.05 was considered statistically significant.

Results
Baseline Characteristics
Based on the inclusion and exclusion criteria, 148 patients were included in the study (Figure 2). One hundred and five
patients with VVS treated by metoprolol constituted the training set, including 76 patients (29 boys and 47 girls; median
age, 12.0 years with a range of 5.0−17.0 years) in the effective group and 29 patients (14 boys and 15 girls; median age,
11.0 years with a range of 6.0−16.0 years) in the ineffective group according to the changes of syncope symptom score.
Forty-three children (21 boys and 22 girls; median age, 11.0 years with a range of 5.0−16.0 years) were included in the
validation set, of which 29 (67.4%) got good response to metoprolol and 14 (32.6%) did not.

Comparison of Clinical Data Between Responders and Nonresponders
In the training set, the L/T of Poincaré plot of the responders was distinctly higher than that of the nonresponders (P <
0.001). No obvious difference was found in sex, age at admission, height, weight, BMI, course of disease, baseline
syncope symptom score, treatment duration, supine HR, supine systolic pressure, supine diastolic pressure, peak HR
during HUTT, changes of HR during HUTT, hemodynamic response during HUTT, LVEF and LVFS between the two
groups (P > 0.05) (Table 1). The stability and repeatability of Poincaré plot measurements were good (P > 0.05;
Supplemental Table 1 and Supplemental Table 2).

Figure 2 Flowchart of patient selection.
Abbreviation: VVS, vasovagal syncope.
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Exploration of the Factors Related to Curative Effect of Metoprolol by Binary Logistic
Regression
Baseline syncope symptom score (P = 0.068 in the above analysis) and the L/T of Poincaré plot (P < 0.001 in the above
analysis) were brought into binary logistic regression. The results suggested that the L/T of Poincaré plot was
a correlative factor for the curative effect of metoprolol in treating pediatric VVS (OR 5.103, 95% CI 2.318−11.235,
P < 0.001).

The Value of L/T in Selecting Children with VVS Suitable for Metoprolol Therapy
ROC curve analysis on the value of L/T as an indicator to select children with VVS suitable for metoprolol therapy
showed that the area under the curve was 0.841 (95% CI 0.746−0.937, P < 0.001) (Figure 3), and the Youden index
reached the maximum when taking an L/T of 2.7 as the cutoff value. When using the condition of L/T >2.7 to identify
responders to metoprolol, the sensitivity and specificity were 88.2% and 82.8%, respectively.

Validation of the Value of L/T in Selecting Patients Suitable for Metoprolol Therapy
Children with L/T >2.7 in the validation set were predicted to be responders to the metoprolol therapy, otherwise
nonresponders. The predictions on the response to metoprolol based on the L/T of Poincaré plot were verified by the
therapeutic outcomes during follow-up based on the changes of syncope symptom score, which was the primary endpoint
of the present study. The results showed that the L/T >2.7 yielded a sensitivity of 96.6%, specificity of 71.4%, and
accuracy of 88.4%, respectively, in identifying responders to metoprolol therapy (Table 2).

Table 1 Comparisons of Baseline Characteristics Between Children with VVS Showing Different Responses to Metoprolol in the
Training Set

Variables Responders (n = 76) Nonresponders (n = 29) t/Z/χ2 P

Sex, male/female 29/47 14/15 0.889 0.346

Age at admission, years 11.3 ± 2.5 11.2 ± 2.8 −0.139 0.890

Height, cm 157.0 (144.5−165.0) 155.0 (140.0−161.0) −0.939 0.348
Weight, kg 45.9 (37.4−56.2) 46.0 (35.3−55.1) −0.419 0.675

BMI, kg/m2 18.8 (16.8−21.7) 18.3 (16.2−21.8) −0.308 0.758

Course of disease, months 13.5 (3.6−36.0) 11.0 (5.0−31.5) −0.398 0.690
Baseline syncope symptom score, points 2.0 (1.0−3.0) 1.0 (1.0−2.0) −1.824 0.068

Treatment duration, months 3.0 (1.5−4.0) 3.0 (1.5−4.0) −0.424 0.671
Supine HR, bpm 79.5 ± 12.7 81.2 ± 11.0 0.648 0.518

Supine systolic pressure, mmHg 109.3 ± 11.4 111.6 ± 14.3 0.885 0.378

Supine diastolic pressure, mmHg 63.6 ± 7.5 63.4 ± 9.9 −0.085 0.933
Peak HR during HUTT, bpm 135.8 ± 14.7 134.6 ± 14.9 −0.374 0.709

Changes of HR during HUTT, bpm 56.3 ± 17.1 53.4 ± 17.6 −0.781 0.437

Hemodynamic response during HUTT 1.532 0.496
Vasodepressor type, n (%) 61 (80.3) 22 (75.9)

Cardioinhibitory type, n (%) 8 (10.5) 2 (6.9)

Mixed type, n (%) 7 (9.2) 5 (17.2)
Baseline LVEF, % 71.7 ± 5.7 70.1 ± 6.8 −1.213 0.228

Baseline LVFS, % 40.3 (38.0−43.8) 38.0 (36.0−43.0) −1.597 0.110

L/T of Poincaré plot 3.4 (2.9−4.4) 2.3 (2.2−2.7) −5.393 <0.001*

Notes: Values are n/N, n (%), mean ± standard deviation, or median (interquartile range); *P value <0.05 is statistically significant.
Abbreviations: BMI, body mass index; bpm, beats per min; HR, heart rate; HUTT, head-up tilt test; LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional
shortening; L/T, the ratio of longitudinal axis value to transverse axis value; VVS, vasovagal syncope.
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Discussion
The graphic features (L/T) of the Poincaré plot were innovatively used as a tool to select children with VVS suitable for
metoprolol therapy in this hypothesis generating study. It was found that the L/T of Poincaré plot before metoprolol
therapy of the responders was distinctly higher than that of the nonresponders, and the L/T of Poincaré plot was
a correlative factor for the efficacy of metoprolol therapy. The L/T >2.7 had a sensitivity of 88.2% and a specificity of
82.8% in indicating responders to metoprolol therapy. Verified by treatment outcomes during follow-up, the sensitivity,

Figure 3 ROC curve on the value of L/Tof Poincaré plot in selecting children with VVS suitable for metoprolol therapy. The sensitivity is expressed on the ordinate and the
false-positive rate [100 – specificity (%)] on the abscissa. The 45° oblique dotted line represents the sensitivity equals the false-positive rate, not indicating any value for
selection.
Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic; L/T, the ratio of longitudinal axis value to transverse axis value; VVS, vasovagal syncope.

Table 2 The Value of L/Tof Poincaré Plot in Indicating Responders to Metoprolol in Children with VVS in the Validation Set (n = 43)

The Efficacy of Metoprolol in Children with VVS Efficacy during Follow-up*

Responders Nonresponders

Predicted results according to L/T of Poincaré plot Responders (L/T >2.7) 28 (96.6%) 4 (28.6%)
Nonresponders (L/T ≤2.7) 1 (3.4%) 10 (71.4%)

Note: *The primary endpoint was a reduction of the syncope symptom score by at least one point at the end of the 3-month follow-up.
Abbreviations: L/T, the ratio of longitudinal axis value to transverse axis value; VVS, vasovagal syncope.
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specificity, and accuracy of L/T >2.7 in predicting the responders to metoprolol were 96.6%, 71.4% and 88.4%,
respectively.

Under physiological conditions, blood will be pooled in the capacitance vessels of abdominal viscera as well as lower
limbs when one stands up due to the gravity, resulting in reduced venous return, reduced cardiac output, and the
subsequent fall in BP. Sensing the drop of local pressure by the baroreceptors located in sinus caroticus and arcus aortae,
the impulse of afferent nerve to the cardiovascular regulation center in brainstem attenuates, which leads to a sympathetic
excitation, and a subsequent vasoconstriction and an increase in HR to maintain the proper BP and organ perfusion. It
was found that the sympathetic activity was excessively enhanced in a subset of VVS cases in their supine position or
prior to syncope,11,12,48 and the relatively obvious vagal excitation would be a compensation to maintain the autonomic
stability.49 After standing up, the vagal activity decreases, while the sympathetic activity even further increases. Then, the
resulting significantly enhanced myocardial contractility acts on the relatively insufficiently filled ventricle, which can
activate the mechanoreceptors located in the posterior inferior wall of the left ventricle and trigger an paradoxical reflex
that causes a sudden drop in BP and/or marked bradycardia, even a transient asystole.50–52 According to these results in
the previous studies, beta-blockers may play a role in treating VVS because they are known to reduce the sympathetic
activity and then abate the stimulation of the mechanoreceptors in cardiovascular system.32,33,53 However, not all the
patients with VVS share the same mechanisms as mentioned above. The main pathogenesis of some patients with VVS
may be related to blood volume insufficiency, abnormal cerebrovascular self-regulation, or vascular dysfunction, etc.29,30

Therefore, the therapeutic effect of beta-blockers for all the patients with VVS is not consistent.17,54 Even worse, for
those patients without sympathetic overactivation, beta-blocker therapy may lead to autonomic nervous dysfunction and
aggravate symptoms.55,56 Therefore, it is necessary to correctly identify children with the enhanced sympathetic
excitation before making an individualized treatment with metoprolol. Poincaré plot is a practical tool in 24-hour
Holter analysis that has been increasingly valued in recent years. Poincaré plot not only helps to make the diagnose
for arrhythmia,57 but also reflects the autonomic nervous activity directly through graphic features in a relatively simple
and intuitive way.39,43 For example, in an RCT, the authors used the geometric analysis of Poincaré plot to describe the
HR variability in the patients with congestive heart failure treated with beta-blockers to assess their cardiovascular
autonomic nervous functions.58 The T of Poincaré plot reflects the transient variation of RR intervals and is deemed to be
proportional to parasympathetic activity;35,36 while the physiological significance of L in Poincaré plot has not been fully
clarified, although some studies believed that it may be related to both sympathetic and parasympathetic activities.38,43

The ratio of L to T of Poincaré plot is commonly used to assess the interaction between sympathetic and parasympathetic
activities.38,43 A previous study showed that the L/T of Poincaré plot was an indicator of cardiac sympathetic function,
and called it the “cardiac sympathetic index”.39 It was found that as the sympathetic activity of patients was increased,
the shape of Poincaré plots became “longer and narrower” and the L/T of Poincaré plots increased.39 These facts in the
previous studies constitute the theoretical basis for using the Poincaré plot to select children with VVS who were
appropriate for metoprolol therapy.

In previous studies, Zhang et al retrospectively analyzed the predictive value of the changes of HR during HUTT
in the treatment effect of metoprolol for pediatric VVS, and found that the increase of HR during HUTT in
responders was significantly higher than that in nonresponders (42 ± 16 bpm vs 18 ± 13 bpm, P < 0.01). With the
increase of HR > 30 bpm, the sensitivity and specificity for the prediction of the effectiveness of metoprolol therapy
were 81% and 80%, respectively.34 A previous study retrospectively explored the efficiency of LVEF and LVFS in
predicting the outcomes of metoprolol therapy for pediatric VVS and found that the baseline LVEF and LVFS of the
children who responded well were significantly higher than those of the children who responded poorly after 6
months of treatment.29 The study proposed through ROC analysis that metoprolol therapy was more likely to be
efficient in the children with LVEF > 70.5% (sensitivity 81.3%; specificity 88.9%) or LVFS > 37.5% (sensitivity
93.8%; specificity 66.7%).29 Another study took the 24-hour urinary norepinephrine levels as the predictive markers
to select suitable patients in the treatment of pediatric VVS with metoprolol and found that the 24-hour urinary
norepinephrine levels in the responders were distinctly higher than that in the nonresponders (40.75 ± 12.86 μg vs
21.48 ± 6.49 μg, P < 0.001). The sensitivity and specificity for predicting the good response of metoprolol treatment
with the condition of 24-hour urinary norepinephrine levels >34.84 μg/24 h were 70% and 100%, respectively.30
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However, as mentioned before, the increase of HR during HUTT and the measured values of LVEF and LVFS may
fluctuate due to many factors. In addition, a reliable 24-hour urinary norepinephrine level depends on an accurate
collection of the total volume of urine for the children and strict preservation conditions for the urine, otherwise the
randomness of the results may be inevitable. All these above limitations may restrict their clinical applications.
Therefore, it is necessary to explore other indicators that are more stable and easy-to-operate. In the present
hypothesis generating study, we first assessed the value of a graphic biomarker from the Poincaré plot in selecting
potential responders to metoprolol therapy for pediatric VVS and found that it showed relatively high sensitivity and
specificity in indicating responders. The graph of Poincaré plot is relative stable and is believed to objectively reflect
autonomic nervous function state of the children over the whole day, which greatly reduces the randomness of the
results. More importantly, the Poincaré plot is visualized, and more intuitive and vivid than all the previous
predictors. Finally, the Poincaré plots used in this study can be automatically produced by Holter analysis software,
which is convenient for application. In brief, the shape of Poincaré plot can be a useful indicator to help determining
whether children with VVS are suitable for metoprolol therapy. That is, from a graphic point of view, for children
diagnosed with VVS, those with “baseball bat-shaped” Poincaré plots (L/T >2.7) are more likely to respond well to
metoprolol treatment, and those with “tennis racket-shaped” Poincaré plots (L/T ≤2.7) are more likely to respond
poorly to metoprolol treatment (Figure 4).

However, this study also had some limitations, including the potential selection bias and inevitable recall bias due to
the retrospective design, the relatively limited sample size, the short duration of medication and follow-up periods, and
the applicability to children who experienced syncope episodes during the Holter recording period remains to be explored
although we believe that a brief episode of syncope may not have a significant effect on the overall graph of the Poincaré
plot derived from 24-hour Holter. Because of the retrospective nature of this study, the metoprolol therapies were
empirical choice of the doctors who managed the patients. Generally, those with frequent syncope attacks and poor
response to non-pharmacological treatment were more likely to be treated with metoprolol, which may cause certain
selection bias. In the future, large-sample multicenter prospective studies are required to further validate the value of L/T
of Poincaré plot in helping pediatricians to select suitable patients for metoprolol therapy in the management of
pediatric VVS.

Conclusion
This study was the first to evaluate the value of the graphic features of Poincaré plot in selecting children with VVS who
were suitable for metoprolol therapy. The L/T of Poincaré plot was significantly higher in children with VVS who

Figure 4 Typical Poincaré plots of children with VVS showing different responses to metoprolol therapy. (A) The Poincaré plot of a 12-year-old boy with VVS who
responded well to metoprolol treatment (baseball bat-shaped). (B) The Poincaré plot of a 12-year-old boy with VVS who failed to response to metoprolol treatment (tennis
racket-shaped).
Abbreviation: VVS, vasovagal syncope.
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responded well to metoprolol than that in children with VVS who responded poorly. The L/T of Poincaré plot >2.7 can be
a useful tool to select potential responders to metoprolol therapy in children with VVS.

Abbreviations
BMI, body mass index; BP, blood pressure; bpm, beats per min; HR, heart rate; HUTT, head-up tilt test; L, longitudinal
axis; L/T, the ratio of longitudinal axis value to transverse axis value; LVEF, left ventricular ejection fraction; LVFS, left
ventricular fractional shortening; RCT, randomized controlled trial; ROC, receiver operating characteristic; T, transverse
axis; VVS, vasovagal syncope.
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