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Objective: We aimed to establish useful models for the clinical differential diagnosis

between vasovagal syncope (VVS) and psychogenic pseudosyncope (PPS).

Methods: This bicentric study included 176 patients (150 VVS and 26 PPS cases)

for model development. Based on the results of univariate and multivariate analyses,

a logistic regression model and a scoring model were established and their abilities to

differentiate VVS from PPS were tested. Another 78 patients (53 VVS and 25 PPS) were

used for external validation.

Results: In the logistic regression model, the outcome indicated that the QT-dispersion

(QTd) (P < 0.001), syncope duration (P < 0.001), and upright posture (P < 0.001) acted

as independent factors for the differentiation of VVS from PPS, which generated an

area under the curve (AUC) of 0.892. A cutoff value of 0.234 yielded a sensitivity and

specificity of 89.3 and 80.8%, respectively, for the differentiation between VVS and PPS

in the logistic regression model. In the scoring model which consists of three variables,

a cutoff score of three points yielded a sensitivity and specificity of 91.3 and 76.9%,

respectively, with an AUC of 0.909. The external validation test indicated that the negative

and positive predictive values of the scoring model were 78.8 and 91.7%, respectively,

and the accuracy was 80.8%.

Conclusion: The scoring model consisting of three variables is an easy-to-perform,

inexpensive, and non-invasive measure for initial differential diagnosis between VVS

and PPS.

Keywords: vasovagal syncope, psychogenic pseudosyncope, differential diagnosis, scoring model, logistic

regression model

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2019.01392
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2019.01392&domain=pdf&date_stamp=2020-01-23
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:18917134339@163.com
mailto:junbaodu1@126.com
https://doi.org/10.3389/fneur.2019.01392
https://www.frontiersin.org/articles/10.3389/fneur.2019.01392/full
http://loop.frontiersin.org/people/816058/overview
http://loop.frontiersin.org/people/815890/overview
http://loop.frontiersin.org/people/597219/overview
http://loop.frontiersin.org/people/40308/overview


Zhang et al. Differential Diagnostic Models for Syncope

INTRODUCTION

Syncope is categorized as a transient loss of consciousness
(TLOC) associated with the incapacity to maintain posture
(1). Vasovagal syncope (VVS), which accounts for 60–70% of
the causes of syncope, is prevalent in children (2). Classified
as a psychiatric disorder other than true TLOC, psychogenic
pseudosyncope (PPS) shares several clinical similarities with
VVS in clinical settings (3). Prodromal presyncope symptoms,
such as changes in vision, shivering, sweating, and dyspnea,
overlap in VVS and PPS patients (4, 5). Falling is often a
manifestation of patients with VVS and PPS. Causative factors
of VVS, including long-term upright posture, environmental
stuffiness and emotional stress, are also occasionally found in PPS
(6, 7). As a result, it is sometimes difficult for physicians to make
an initial differential diagnosis between these two diseases in daily
clinical practice.

It was previously found that the prolonged period of TLOC
is more common in children with PPS than with VVS (8).
However, there is insufficient evidence in support of this
finding. Furthermore, direct observation of the clinical events
is impractical in most situations, making it more difficult
for physicians to distinguish VVS from PPS (7). It is worth
noting that there are few targeted reports that quantitatively
address the differential diagnosis between these two diseases.
Although the head-up tilt test (HUTT) has been used as a valid
measure for the differential diagnosis (9), its time consumption,
unavailability in elementary hospitals and the risk of inducing
critical complications including cardiac arrest and shock (10)
limit its wide application across all clinical settings, especially in
outpatient and elementary hospitals. As such, identifying an easy-
to-perform, inexpensive. and non-invasive measure to initially
differentiate VVS from PPS has long been an important issue in
clinical research.

Therefore, the present study was undertaken to develop novel,
feasible, and useful methods to help clinicians in the initial
differential diagnosis between VVS and PPS in clinical practice.

METHODS

Subjects
In the first part of this retrospective study, 482 children diagnosed
with VVS and 52 children diagnosed with PPS were enrolled
from the Department of Pediatrics at the Peking University First
Hospital, China and Children’s Hospital of Fudan University,
China from January 2000 to January 2019. One hundred and fifty
cases of VVS and 26 cases of PPS were ultimately included in
our first part analysis according to the inclusion and exclusion
criteria. We reviewed clinical records of those patients and used
the data to develop a scoring model. In the second part of the
study, we conducted an external validation test for the predictive
values of our models. Another 53 children diagnosed with

Abbreviations: VVS, Vasovagal syncope; PPS, Psychogenic Pseudosyncope;

TLOC, transient loss of consciousness; HUTT, head-up tilt test; SBP, systolic blood

pressure; DBP, diastolic blood pressure; QTd, QT-dispersion; ROC, operation

characteristic curve; AUC, area under curve; BMI, body mass index.

VVS and 25 children diagnosed with PPS from the Children’s
Hospital of Fudan University, China were enrolled and analyzed.
This study was approved by the ethics committee of the local
institution (Ethics Committee Number: 2018-202).

Inclusion and Exclusion Criteria
The diagnostic criteria of VVS (11, 12) are: (1) presented
with a history of syncope, accompanied by a subsequent
spontaneous recovery; (2) usually induced by prolonged
standing, emotional stress, or medical setting; (3) with
prodromal features including diaphoresis, fever, flushing,
nausea, visual blurring, or pale complexion; (4) with hypotension
and/or inappropriate bradycardia during onset; (5) with
positive HUTT results; (6) exclusion of other diseases
including cardiovascular, neurogenic, or metabolic diseases.
These diagnostic criteria are compliant with the latest
ACC Guideline.

PPS belongs to a conversion disorder, which is classified
as a psychiatric disease. Considering that accurate diagnosis
has not been explored in PPS, we established our inclusion
criteria in reference to DSM-V and previous studies (13, 14).
We included the patients diagnosed with PPS who met the
following conditions: (1) presented with a history of recurrent
apparent syncope without true unconsciousness, accompanied
by subsequent spontaneous recovery; (2) attacks are usually
featured with concomitant eye closure, loss of muscle tone, and
immobility; (3) with normal blood pressure (BP) and heart rate
(HR) during onset; (4) with negative response in HUTT; (5)
exclusion of other diseases including cardiovascular, neurogenic,
or metabolic diseases.

All enrolled patients underwent strict inspections to exclude
other similar diseases. For all patients, ultrasonic cardiogram
(UCG) and electrocardiogram (ECG) were used to rule out
organic heart diseases (or syncope with a cardiogenic cause).
EEG monitoring, transcranial Doppler ultrasound and/or CT
scan were conducted and presented normal among enrolled
PPS patients, to rule out neurogenic diseases such as epilepsy.
Patients were also ruled out when clear causes of syncope (such
as situational syncope, hypoglycemia, or carotid sinus syndrome)
were present. Notably, since co-occurrence of VVS and PPS may
be found in rare cases, patients with a mixed pattern of VVS
and PPS (e.g., PPS with positive HUTT results) were denoted
complicated cases and eliminated from our study.

Electrocardiogram
A standard 12-lead ECG tracing at 25mm/s paper speed and
10mm/mV amplitude was performed on all patients. QTd was
determined in all 12 leads and mean results were calculated
from three consecutive cardiac cycles. QTd was generated
by calculating the difference between the maximum and the
minimum QT interval measured in each ECG lead from
the onset of QRS complex to the end of T wave. All ECG
measurements were performed manually by two independent
investigators who were unaware of the clinical outcomes. When
measurements were not identical, the mean of the values
was calculated.
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Other Clinical Data
Baseline demographic data including gender, age, height, weight,
body mass index (BMI), were recorded for all subjects. Medical
history of clinical presentations including syncope duration,
inducement factors, and family history were obtained from
inpatient medical records. Inducement factors included long-
term upright posture, a confined environment, emotional stress,
etc. Syncope duration referred to the time length of loss of
consciousness on average. We defined a positive family history
of syncope as the existence of syncope among linear relatives
within two generations. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured when the patients
remained calm and in supine during HUTT. Changes of BP, HR,
and clinical manifestations during HUTT were recorded (data
not shown).

Statistical Analysis
SPSS 25.0 and GraphPad Prism 7.0 were used for statistical
analysis and curve plotting. For all analyses, statistical
significances were assessed with a P value of 0.05.

We first performed univariate analysis to identify variables
significantly differentiated between VVS and PPS patients. The

FIGURE 1 | Flow chart of enrollment of study population in the first part of the

study. PPS, psychogenic pseudosyncope; VVS, vasovagal syncope.

Shapiro-Wilk test was used to assess the normality of distribution.
A 2-independent t-test or Mann-Whitney U-test was performed
to compare the continuous variables when they were normally
or non-normally distributed, respectively. A chi-square test was
performed to compare categorical variables between the two
groups. To select independent factors for differential diagnosis,
multivariate logistic regression models with forward selection
were established by using baseline demographic variables (age,
gender, BMI) plus variables generated by univariate analysis. A
probability value of P < 0.05 was indicated for inclusion into the
model. Results were expressed as an odds ratio (OR) with a 95%
confidence interval (CI). Goodness of fit of the regression model
was tested with the Hosmer-Lemeshow test. The efficiency of this
model was assessed using the receiver operating characteristic
curve (ROC). The AUC was then calculated and the optimal
cutoff value was determined by the maximum of Youden index.

In order to enhance the feasibility of this differential diagnosis
model in clinical practice, a scoring model was generated
with approximations. Continuous variables were converted to
dichotomous variables by selecting a cut-off point based on
ROC curves and the specific values were then adjusted based
on clinical convenience. We next performed multivariate logistic
regression analysis and created a clinical prediction rule by using
OR to determine the weight of each variable. Score points were
assigned for each variable accordingly. The total sum of points for
each individual was calculated, and their final scores were used
for assessment.

RESULTS

In the first part of the study, 150 VVS patients and 26 PPS patients
were ultimately enrolled in this study (Figure 1). The VVS group
contained 72 males and 78 females whose ages ranged from 5 to
17 years old. The PPS group contained 14 males and 12 females
whose ages ranged from 7 to 15 years. Baseline demographic
features of the patients are shown in Table S1.

There were significant differences between VVS and PPS
patients in long-term upright posture (P < 0.001), syncope
duration (P < 0.001), positive family history of syncope
(P = 0.02), resting HR (P = 0.07), and QTd (P < 0.001) as
analyzed by univariate analysis (Table 1).

We then performed binary logistic regression analysis and
determined clinical factors as those with P < 0.05. Baseline data

TABLE 1 | Clinical data of patients diagnosed with vasovagal syncope (VVS) or psychogenic pseudosyncope (PPS).

Group Causative factors exposed (N) Syncope

duration (min)

FH of

syncope

(N)

Resting HR

(bpm)

SBP

(mmHg)

DBP

(mmHg)

QTd

(ms)

Upright posture

(Yes/No)

Stuffiness

(Yes/No)

Emotional

stress (Yes/No)

VVS 119/31 27/123 21/129 5.5 (2.5, 8.4) 36 77.1 (74.8, 79.3) 106.9 (105.1, 108.8) 62.3 (60.9, 63.8) 41.3 (38.7, 44.0)

PPS 5/21 3/23 4/22 50.0 (25.3, 74.8) 1 82.7 (77.0, 88.4) 102.3 (98.5, 106.1) 62.4 (59.2, 65.5) 27.9 (22.5, 33.3)

χ
2/Z 38.454 0.277 0 −4.245 5.421 −1.817 −2.313 −0.359 −3.767

P <0.001 0.60 1 <0.001 0.02 0.07 0.02 0.72 <0.001

BMI, body mass index; DBP, diastolic blood pressure; FH, family history; HR, heart rate; PPS, psychogenic pseudosyncope; QTd, QT-dispersion; SBP, systolic blood pressure; VVS,

vasovagal syncope.
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TABLE 2 | Coefficients of binary logistic regression.

Variables Cut-off value Variable assignments p-value Odds ratio Points

Syncope duration 30min “syncope duration > 30 min” = 1, “syncope duration ≤ 30” = 0 <0.001 14.794 (3.378, 64.789) 3

Upright posture as inducement Yes/No “with upright posture” = 0, “without upright posture” = 1 <0.001 8.465 (2.654, 26.992) 2

QTd 31ms “QTd < 31 ms” = 1, “QTd ≥ 31 ms” = 0 0.011 4.263 (1.394, 13.041) 1

FIGURE 2 | ROC curve of the diagnostic value of the logistic regression model and the scoring model between VVS and PPS. The y-axis represents sensitivity. The

x-axis represents false positive rate (1-specificity). The 45◦ straight line stands for the reference line indicating sensitivity being equal to false positive rate. In the logistic

regression model, the AUC was 0.892 (95% CI: 0.815–0.969; P < 0.001) and in the scoring model, the AUC of was 0.909 (95% CI: 0.845–0.973; P < 0.001). AUC,

area under the curve; CI, confidence interval; PPS, psychogenic pseudosyncope; ROC, operation characteristic curve; VVS, vasovagal syncope.

comprising age, gender, and BMI were set as independent
variables, and the disease category was set as the dependent
variable. We found that only upright posture (yes or no),
syncopal duration (min), and QTd (ms) were independent
predictors to differentiate PPS from VVS. The logistic regression
equation went as: P = 1 / (1 + 1/ exp[0.022×D-2.117×U-
0.049×QT + 0.565]), where “D” stood for the duration of a
syncopal episode (min), “U” represented an upright position (1:
with an upright position and 0: without), and “QT” represented
QT-dispersion (ms). Predicting PPS with a P value > 0.234
and VVS with a P value < 0.234 yielded a sensitivity and
a specificity of 89.3 and 80.8%, respectively, with an AUC
of 0.892 (95% CI, 0.815–0.969; P < 0.001) in ROC analyses.
Hosmer-Lemeshow statistics did not show any significance (P
= 0.78). The scoring model was established subsequently. Based
on ROC analysis for syncope duration and the feasibility of

QTd in clinical application, we assigned the following scores
according to the OR (Table 2): duration of a syncopal episode >
30min: three points; without upright posture as an inducement:
two points; and QTd < 31ms: one point. A total score was
calculated based on the sum of points for each patient. When
the total points were ≥3, we predicted the likelihood of PPS,
otherwise VVS. This scoring model indicated a sensitivity of
91.3% and a specificity of 76.9%, respectively. The AUC of the
scoring model was 0.909 (95% CI: 0.845–0.973; P < 0.001). ROC
curves of both models were plotted in one figure to show their
agreement (Figure 2).

In the second part of the study, an external validation test
was performed. Predictive values of the scoring model were

TABLE 3 | Predictive values of scoring model in external validation.

Prediction score Clinical diagnosis

PPS (n = 25) VVS (n = 53)

≥3 11 1

<3 14 52

PPS, psychogenic pseudosyncope; VVS, vasovagal syncope.

shown in Table 3. The negative and positive predictive values
of the scoring model were 78.8 and 91.7%, respectively, and the
accuracy was 80.8%.

DISCUSSION

Accurate and timely diagnosis is critical to the follow-up
treatment of VVS and PPS patients, and clinical differential
diagnosis between these two diseases can be challenging.
Therefore, an easy and efficient method for disease
differentiation is needed. In this study, we explored the
clinical features of VVS and PPS patients and established
a useful multivariate predictive logistic regression model to
facilitate differential diagnosis. A scoring model was also
constructed to simplify the clinical decision, which showed
fair agreement with the logistic regression model. Both models
revealed a high efficiency in the differential diagnosis between
the two diseases and would simplify and improve current
clinical practices.
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It is difficult to differentiate VVS from PPS for several
reasons. Firstly, PPS episodes may resemble VVS, as both
involve apparent loss of consciousness, accompanied by similar
prodrome symptoms (4). Previous studies have reported distinct
traits of PPS in the clinical setting (8, 15). Tannemaat et al. found
that eye closure during the onset and long durations of TLOC
were more common in patients with PPS compared to those
with VVS (8). However, direct clinical observation alone is not
sufficient for accurate diagnosis. Direct observation of syncopal
attacks rarely occur in clinics. Secondly, although HUTT is
useful for distinguishing VVS from PPS (3, 16), it requires
special facilities inaccessible in most elementary hospitals. The
application of HUTT is also limited due to the risks of inducing
severe complications (10).

However, the pathophysiology of VVS and PPS is distinct.
VVS results from imposed orthostatic pressure followed by
instant circulatory compensation by virtue of the sympathetic
and parasympathetic nervous system for proper BP and HR
regulation (17). By contrast, the pathogenesis of PPS is not
associated with the autonomic nervous system disturbance
(13). QTd is an index measured in a 12-lead ECG, which
was first proposed by Day et al. (18). It represents the
myocardial inconsistency of ventricular repolarization caused by
inhomogeneous distribution of autonomic nerves in the ventricle
and the duration of heterogeneity of myocardial cell action
potentials (19, 20). It has been suggested that patients with
augmented ventricular repolarization heterogeneity, measured
by elevated QTd, are predisposed to VVS (21). According
to previous findings, diabetic autonomic neuropathy may be
related to abnormal QTd (22). It was also proposed that
populations with autonomic dysfunction are more susceptible
to arrhythmias associated with prolonged QTd values (18).
Therefore, fluctuations in QTd might be associated with the
changes in autonomic nervous function (22), suggesting QTd as a
potentially promising indicator for differential diagnosis between
the two diseases.

In our study, we initially assessed the clinical characteristics
of VVS and PPS. There was no statistical significance in
age, gender and BMI. According to the results, patients with
VVS were more likely to have experienced standing upright
before the onset of apparent TLOC. Typical VVS usually had
precipitating triggers such as orthostatic stress (6), which was
in accordance with our study. Orthostatic stress gives rise
to over-excitation of the adrenergic nervous system, which
then leads to excessive ventricular myocardium contraction
and activation of vasomotor centers. Subsequently, the Bezold-
Jarisch reflex is triggered by the excitation of vagal activity,
characterized as peripheral vasoconstriction and hypovolemia,
resulting in hypoperfusion of the brain and syncope (23).
However, there were no significant differences between patients
with VVS and patients with PPS in emotional stress, which was
another common precipitating factor in VVS. We speculated
that episodes of patients with PPS might also be triggered
with psychological stresses, such as anxiety, depression or life
events (3), which might be mixed up with emotional stress.
Furthermore, the duration of the apparent TLOC was shorter

in VVS patients than in PPS patients. Interestingly, most of the
patients with VVS regained consciousness within 1–2min after
the onset of syncope, whereas for PPS, the attack time lasted
up to approximately 50min in some cases. This distinction was
consistent with that observed in another large-scale retrospective
study (24).

Baseline SBP, DBP, HR, and QTd were measured in our
study. According to previous reports, baseline DBP and HR
were significantly lower in the VVS group than in the control
group (25), which might be correlated with a deficient circulating
volume in VVS patients (26). The relevance between over-
excitation of vagal activity and the decreases in baseline HR and
BP have also been proposed (27). In our study, baseline HR was
significantly different between VVS and PPS cases, in accordance
with previous studies (8). In our study, we likewise found a
significant difference between the two diseases based on QTd
values. This suggests the potential value of QTd in differentiating
VVS and PPS.

This was the first study to develop logistic regression
and scoring models to facilitate the differential diagnosis
between those two diseases in children. According to the
first part of our study, the scoring model has relatively
good sensitivity and fair specificity. The negative and positive
predictive values of the scoring model in our validation test
were 78.8 and 91.7%, respectively, and the accuracy was
80.8%. In our study subjects, we have determined that some
PPS patients were characterized by a relatively short syncopal
duration, which led to an underestimated percentage of the
diagnosis. Further exploration of the above findings should be
performed in the future. Overall, the outcome of efficiency in
predicting PPS is superior to most situations, considering the
widespread overlook and poor identification of PPS in clinical
practice (16).

Conclusively, we found that upright posture, syncope
duration, family history of syncope, supine HR, and QTd differed
significantly between VVS and PPS patients. The present two-
centered study significantly improved the differential diagnosis
between VVS and PPS. It showed that prolonged syncope
duration, presence of upright posture and relatively short
QTd were independent predictive factors of PPS. The newly
established scoring model is featured with an acceptable
sensitivity and specificity in differential diagnosis and largely
improves the clinical practice. In the scoring system, three
points were given for a duration (“D” for short) of syncopal
episode > 30min; two points for those without upright (“U”
for short) posture as an inducement factor; and one point for
QTd (“Q” for short) < 31ms, where “DUQ” for easy memory.
With the help of the scoring model, physicians in outpatient
and elementary hospitals could reliably suggest a preliminary
reference for subsequent treatment after diagnosis (28). For
example, counter-pressuremaneuvers, midodrine hydrochloride,
and oral rehydration saline intake are recommended for
VVS patients (29, 30), whereas psychological consultation and
cognitive behavioral therapy are indicated for PPS patients (12).
Patients would benefit from instant treatment if their diseases can
be determined.
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There were several limitations to the study. Firstly, selection
bias may exist because some PPS patients with mild or atypical
symptoms were not sent to cardiovascular clinics initially (16).
Secondly, the sample size was relatively small. Larger scaled
investigations should be carried out in the future.

CONCLUSION

The scoring model consisting of three variables is
an easy-to-perform, inexpensive, and non-invasive
measure in the initial differential diagnosis between
VVS and PPS. It would help with further appropriate
management for patients after the initial diagnosis. Future
studies are required to prove the generalizability of the
predictive measure.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee in Peking University First
Hospital, China; and Ethics Committee in Children’s Hospital
of Fudan University, China. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

ZZ, JD, LH, HT, LT, and XJ had full access to all the data in the
study and took responsibility for the integrity of the data and the
accuracy of the data analysis. ZZ, XJ, SC, LH, HT, LT, and JD
contributed conception and design of the study. ZZ, XJ, LH, HT,
CT, and LT collected data. ZZ, XJ, SC, JD, and CT performed the
statistical analysis and drafted the manuscript with contributions
from CT and SC. All authors contributed to manuscript revision
led by JD and HT, and read and approved the submitted version.

FUNDING

All phases of this study were supported by the Science and
Technology Program of Beijing (Z171100001017253), Peking
University Clinical Scientist Program (BMU2019LCKXJ001),
and the Fundamental Research Funds for the
Central Universities.

ACKNOWLEDGMENTS

We are grateful to our collaborators who have contributed to our
studies over the years.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2019.01392/full#supplementary-material

REFERENCES

1. Elpidoforos S, Soteriades JC. Incidence and prognosis of syncope. N Engl J

Med. (2002) 347:878–85. doi: 10.1056/NEJMoa012407

2. Jin H, Du J. Pediatric syncope: where are we now? Chin Med J. (2014)

127:3681–3. doi: 10.3760/cma.j.issn.0366-6999.20132944

3. Raj V, Rowe AA, Fleisch SB, Paranjape SY, Arain AM, Nicolson SE.

Psychogenic pseudosyncope: diagnosis and management. Auton Neurosci.

(2014) 184:66–72. doi: 10.1016/j.autneu.2014.05.003

4. Heyer GL, Harvey RA, Islam MP. Comparison of specific fainting

characteristics between youth with tilt-induced psychogenic nonsyncopal

collapse versus reflex syncope. Am J Cardiol. (2017) 119:1116–20.

doi: 10.1016/j.amjcard.2016.12.018

5. Iglesias JF, Graf D, Forclaz A, Schlaepfer J, Fromer M, Pruvot E. Stepwise

evaluation of unexplained syncope in a large ambulatory population. Pacing

Clin Electrophysiol. (2009) 32: S202–6. doi: 10.1111/j.1540-8159.2008.02291.x

6. Alboni P. The different clinical presentations of vasovagal syncope. Heart.

(2015) 101:674–8. doi: 10.1136/heartjnl-2014-307096

7. Luzza F, Di Rosa S, Pugliatti P, Andò G, Carerj S, Rizzo F. Syncope

of psychiatric origin. Clin Auton Res. (2004) 14:26–9. doi: 10.1007/

s10286-004-0141-y

8. Tannemaat MR, van Niekerk J, Reijntjes RH, Thijs RD, Sutton R, van Dijk JG.

The semiology of tilt-induced psychogenic pseudosyncope. Neurology. (2013)

81:752–8. doi: 10.1212/WNL.0b013e3182a1aa88

9. Furukawa T. Role of head-up tilt table testing in patients with syncope

or transient loss of consciousness. J Arrhythm. (2017) 33:568–71.

doi: 10.1016/j.joa.2017.08.002

10. Numan M, Alnajjar R, Lankford J, Gourishankar A, Butler I. Cardiac asystole

during head up tilt (HUTT) in children and adolescents: is this benign

physiology? Pediatr Cardiol. (2015) 36:140–5. doi: 10.1007/s00246-014-0977-4

11. Sheldon RS, Grubb BP, Olshansky B, Shen W, Calkins H, Brignole M,

et al. 2015 Heart rhythm society expert consensus statement on the

diagnosis and treatment of postural tachycardia syndrome, inappropriate

sinus tachycardia, and vasovagal syncope. Heart Rhythm. (2015) 12: e41–63.

doi: 10.1016/j.hrthm.2015.03.029

12. Shen W, Sheldon RS, Benditt DG, Cohen MI, Forman DE, Goldberger

ZD, et al. 2017 ACC/AHA/HRS Guideline for the evaluation and

management of patients with syncope: executive summary: A report

of the American College of Cardiology/American Heart Association

Task Force on Clinical Practice Guidelines and the Heart Rhythm

Society. Circulation. (2017) 136:e25–59. doi: 10.1161/CIR.00000000000

00538

13. Levenson JL, SharpeM. Chapter 16 – The classification of conversion disorder

(functional neurologic symptom disorder) in ICD and DSM. Handb Clin

Neurol. (2016) 139:189–92. doi: 10.1016/B978-0-12-801772-2.00016-3

14. Tannemaat MR, Thijs RD, Van Dijk JG. Managing psychogenic

pseudosyncope: Facts and experiences. Cardiol J. (2014) 21:658–64.

doi: 10.5603/CJ.a2014.0070

15. Walsh KE, Baneck T, Page RL, Brignole M, Hamdan MH. Psychogenic

pseudosyncope: not always a diagnosis of exclusion. Pacing Clin

Electrophysiol. (2018) 41:480–6. doi: 10.1111/pace.13316

16. Benbadis SR, Chichkova R. Psychogenic pseudosyncope: an

underestimated and provable diagnosis. Epilepsy Behav. (2006) 9:106–10.

doi: 10.1016/j.yebeh.2006.02.011

17. Medow MS, Merchant S, Suggs M, Terilli C, O’Donnell-Smith B, Stewart

JM. Postural heart rate changes in young patients with vasovagal syncope.

Pediatrics. (2017) 139:e20163189. doi: 10.1542/peds.2016-3189

18. Day CP, McComb JM, Campbell RW. QT dispersion: an indication of

arrhythmia risk in patients with long QT intervals. Br Heart J. (1990)

63:342–4. doi: 10.1136/hrt.63.6.342

Frontiers in Neurology | www.frontiersin.org 6 January 2020 | Volume 10 | Article 1392

https://www.frontiersin.org/articles/10.3389/fneur.2019.01392/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2019.01392/full#supplementary-material
https://doi.org/10.1056/NEJMoa012407
https://doi.org/10.3760/cma.j.issn.0366-6999.20132944
https://doi.org/10.1016/j.autneu.2014.05.003
https://doi.org/10.1016/j.amjcard.2016.12.018
https://doi.org/10.1111/j.1540-8159.2008.02291.x
https://doi.org/10.1136/heartjnl-2014-307096
https://doi.org/10.1007/s10286-004-0141-y
https://doi.org/10.1212/WNL.0b013e3182a1aa88
https://doi.org/10.1016/j.joa.2017.08.002
https://doi.org/10.1007/s00246-014-0977-4
https://doi.org/10.1016/j.hrthm.2015.03.029
https://doi.org/10.1161/CIR.0000000000000538
https://doi.org/10.1016/B978-0-12-801772-2.00016-3
https://doi.org/10.5603/CJ.a2014.0070
https://doi.org/10.1111/pace.13316
https://doi.org/10.1016/j.yebeh.2006.02.011
https://doi.org/10.1542/peds.2016-3189
https://doi.org/10.1136/hrt.63.6.342
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Zhang et al. Differential Diagnostic Models for Syncope

19. Castro-Torres Y. Ventricular repolarization markers for predicting malignant

arrhythmias in clinical practice. World J Clin Cases. (2015) 3:705.

doi: 10.12998/wjcc.v3.i8.705

20. Antzelevitch C, Shimizu W, Yan GX, Sicouri S. Cellular basis for

QT dispersion. J Electrocardiol. (1998) 30(Suppl):168–75. doi: 10.1016/

S0022-0736(98)80070-8

21. Sucu M, Ozer O, Davutoglu V, Ercan S, Yuce M, Coskun FY. Relationship

between neurocardiogenic syncope and ventricular repolarization. Pacing Clin

Electrophysiol. (2015) 38:625–9. doi: 10.1111/pace.12599

22. Aytemir K, Aksoyek S, Ozer N, Gurlek A, Oto A. QT dispersion and

autonomic nervous system function in patients with type 1 diabetes.

Int J Cardiol Heart Vasc. (1998) 65:45–50. doi: 10.1016/S0167-5273(98)

00091-6

23. Grubb BP. Pathophysiology and differential diagnosis of neurocardiogenic

syncope. Am J Cardiol. (1999) 84:3–9.

24. Association AP.Diagnostic and Statistical Manual of Mental Disorders. 5th ed.

Washington, DC: American Psychiatric Publishing (2013).

25. Liao Y, Xu WR, Li HX, Tang CS, Jin HF, Du JB. Plasma neuropeptide Y

levels in vasovagal syncope in children. Chin Med J. (2017) 130:2778–84.

doi: 10.4103/0366-6999.219157

26. Fucà G, Dinelli M, Suzzani P, Scarfò S, Tassinari F, Alboni P. The

venous system is the main determinant of hypotension in patients with

vasovagal syncope. Europace. (2006) 8:839–45. doi: 10.1093/europace/

eul095

27. Kinsella SM, Tuckey JP. Perioperative bradycardia and asystole: relationship

to vasovagal syncope and the Bezold-Jarisch reflex. Br J Anaesth. (2001)

86:859–68. doi: 10.1093/bja/86.6.859

28. A Moya, N Rivas, Perez-Rodon J. Overview of the contribution of recent

clinical trials to advancement of syncope management. Prog Cardiovasc Dis.

(2013) 55:396–401. doi: 10.1016/j.pcad.2012.11.007

29. Wang C, Li Y, Liao Y, Tian H, Huang M, Dong X, et al. Chinese

pediatric cardiology society (CPCS) guideline for diagnosis and treatment

of syncope in children and adolescents. Sci Bull. (2018) 63:1558–64.

doi: 10.1016/j.scib.2018.09.019

30. Xu W, Wang T. Diagnosis and treatment of syncope in pediatric patients: a

new guideline. Sci Bull. (2019) 64:357–8. doi: 10.1016/j.scib.2019.01.024

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Zhang, Jiang, Han, Chen, Tao, Tao, Tian and Du. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 7 January 2020 | Volume 10 | Article 1392

https://doi.org/10.12998/wjcc.v3.i8.705
https://doi.org/10.1016/S0022-0736(98)80070-8
https://doi.org/10.1111/pace.12599
https://doi.org/10.1016/S0167-5273(98)00091-6
https://doi.org/10.4103/0366-6999.219157
https://doi.org/10.1093/europace/eul095
https://doi.org/10.1093/bja/86.6.859
https://doi.org/10.1016/j.pcad.2012.11.007
https://doi.org/10.1016/j.scib.2018.09.019
https://doi.org/10.1016/j.scib.2019.01.024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Differential Diagnostic Models Between Vasovagal Syncope and Psychogenic Pseudosyncope in Children
	Introduction
	Methods
	Subjects
	Inclusion and Exclusion Criteria
	Electrocardiogram
	Other Clinical Data
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


