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Vasovagal syncope with mild versus moderate autonomic
dysfunction: a 13-year single-center experience

Han Eoul Lee, MD, Dong Won Lee, MD

Department of Pediatrics, Daegu Fatima Hospital, Daegu, Korea

Background: An adequate large-scale pediatric cohort based
on nationwide administrative data is lacking in Korea.
Purpose: This study aimed to differentiate patients with VVS
by autonomic dysfunction severity using the composite auto-
nomic severity score (CASS) and compare the clinical mani-
festations and prognosis between patient subgroups.

Methods: We retrospectively reviewed the medical records of
66 VVS patients divided into 3 groups by CASS. To compare
the differences between these groups, we analyzed VVS type,
triggers, prodromal symptoms, management of syncope, and
prognosis between patients with mild versus moderate auto-
nomic dysfunction.

Results: Of our 66 patients with VVS, 41 had mild autonomic
dysfunction (62.1%) and 25 had moderate autonomic dysfunc-
tion (37.9%). We found no significant intergroup differences
in age, sex, inducible factor (P=0.172), prodromal symptoms,
laboratory findings, head-up tilt test, type of syncope, or
prognosis (P=0.154).

Conclusion: We found no evidence that autonomic dysfunc-
tion degree is affected by VVS characteristics, test findings,
parameters, or prognosis; therefore, no further evaluations are
needed to classify autonomic dysfunction severity.
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Key message

Question: It is well known that autonomic dysfunction con-
tributes to vasovagal syncope (VVS). Does the degree of
autonomic dysfunction contribute to clinical manifestations,
diagnostic methods, treatment, and prognosis?

Finding: The clinical manifestations, diagnostic methods,
treatment, and prognosis differ between patients with mild and
moderate degrees of autonomic dysfunction.

Meaning: VVS is caused by autonomic dysfunction, but

autonomic dysfunction severity need not be classified.

Introduction

Syncope is defined as a transient loss of consciousness (LOC)
associated with cerebral hypoperfusion.? Syncope can happen
when the cerebral blood flow is less than 30 mL/min per 100 g
brain tissue or when the mean cerebral blood flow rate is below
50%.>3 It is a common problem in children and adolescents;
approximately 15% of children and adolescents experience at
least one episode of syncope before the age of 18.% Syncope can
be classified as neurally mediated, orthostatic, or cardiogenic.
Among these, the most common form of syncope is vasovagal
syncope (VVS) which is a subtype of neurally mediated syncope.®

VVS can be diagnosed in approximately 50% of cases by
detailed history taking and physical examination”; however,
diagnosis is challenging for the remaining cases. A significant
problem is that history taking is limited because patients lose
consciousness, and so only bystanders can provide an account of
events.

To maintain homeostasis in conditions of environmental
change, vital signs are regulated by the autonomic nervous
system. Stimulation from the sympathetic nervous system in-
creases heart rate, and cardiac contractility, whereas that of the
parasympathetic nervous system decreases heart rate, and cardiac
contractility. To maintain adequate blood flow in the entire body,
including brain, effective regulation of the autonomic nervous
system is essential.>”) In cases of VVS, not yet fully elucidated,
decreased venous pooling by standing up rapidly or other
reason, results in decrease in a venous return to the heart and
diminishing cardiac output. Consequently, sympathetic nervous
system increases to maintain blood pressure. The increased
sympathetic nervous system has positive chronotropic and
inotropic effects, makes ventricle contract more vigorously. But
underfilled ventricle stimulates ventricular neural afferents to the
brain. These afferents terminate in cardiovascular control centers
where the input signals are integrated and results in sympathetic
and parasympathetic activity to cardiovascular system. In VVS
patients, activated central nuclei activate sympathetic tone and
rapidly withdraw and increase in parasympathetic tone. Then
increased parasympathetic tone reduces chronotropic response
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for evolving hypotension which is result of withdrawal of
sympathetic tone. This response makes inappropriate heart rate
slowing and the patients could LOC.3*)

The head-up tilt test (HUT) is widely used to diagnose VVS.
The test elicits autonomic functional changes that provoke a
syncope. However, a limitation of the test is that it is difficult to
classify the severity of the autonomic dysfunction.

Thus, the hypothesis underlying our current study was that
there would be differences in the type, nature, and test results of
VVS in our study group depending on the degree of autonomic
nerve dysfunction. And the purpose of this study, was to charac-
terize and classify the degree of autonomic dysfunction using
different autonomic function tests and compare the clinical
features according to degree of autonomic dysfunction.

Methods

1. Patient enroliment

One hundred thrity-five patients diagnosis as syncope, aged
between 8 to 18, admission to the Department of Pediatrics at
Daegu Fatima Hospital between January 2008 and July 2020
were enrolled in this study and their medical records were
retrospectively reviewed. We include all of these patients and we
exclude limited available data, diagnosed as other than VVS, and
negative HUT results.

Finally, we exclude 19 patients because of limited data, 20
with postural orthostatic tachycardia syndrome patients, 15 with
negative HUT, 2 with brain tumors, 2 with encephalopathy, and
2 with atrioventricular block. After excluding these patients, we
diagnose 66 patients with VVS and enrolled in our study. Of our
VVS patients, we diagnosed mild autonomic dysfunction in 41
patients, moderate autonomic dysfunction in 25, and no other
patients were diagnosed as severe autonomic dysfunction.

2, Data collection

Patients’ medical records were retrospectively reviewed to
examine their age, sex, height, body weight, prodromal symp-
toms, and triggers. After admission, the patients underwent a
blood test, which included complete blood count, total protein,
albumin, serum electrolytes, aspartate aminotransferase, alanine
aminotransferase, C-reactive protein, in addition to a thyroid
function test, electrocardiogram, Holter test, chest x-ray, electro-
encephalogram (EEG), echocardiogram, HUT, Transcranial
Doppler (TCD), and autonomic function tests. All patients in
our study were followed-up through the outpatient department
to analyze prognosis.

3.HUTandTCD

HUT (TT-800s, Pampas, Gimpo, Korea) was performed after
at least 8 hours of bed rest before the test. After the patient lay in
the supine position for 10 minutes, the test was performed for
20 minutes at a 70° tilt. Patients who showed symptoms, such
as dizziness, visual disturbance, or nausea, as well as those with

atypical symptoms, such as headache and arm and leg pain or
weakness during testing were considered positive.'? If patients
show negative result, repeat the HUT with pharmacological
provocation. At the 2013, we changed protocols of HUT. During
2008-2013, isoproterenol was used for the pharmacological
provocation, but after 2013, we changed it to nitroglycerine.
Other than that, other protocols are same during our study
periods.

VVS was classified by cardioinhibition, vasodepressor, mixed
type VVS using previously defined diagnostic criteria.”

TCD (Pioneer System TC 2020, Nicolet Biomedical Inc.,
Madison, WI, USA) was on the middle cerebral artery of pati-
ents, and systolic, diastolic, and mean cerebral artery blood flow
were used to calculate the pulsatility index (PI) using the follow-
ing formula: PI=(Viystol— Vdiastol)/ Vmean

4, Autonomic function tests

The CASS is calculated using sudomotor index, adrenergic
index, cardiovascular heart rate index. And each index is cal-
culated by following test.

The quantitative sudomotor axon reflex test (QSART)
(Q-sweat, WR Medical Electronics Co., Maplewood, MN,
USA) is the test evaluates the function of the postganglionic
sympathetic sudomotor axon.'” From the test, we could get
the amount of sweating and latencies from 3 sites (forearm,
proximal leg, distal leg).">'3) And from that results, sudomotor
index could be calculated." The Valsalva test evaluates the
sympathetic adrenergic and parasympathetic functions using
heart rate responses. From the test, Valsalva ratio is calculated
by dividing the highest heart rate by the lowest.'¥ The heart rate
response to deep breathing was used to determine the cardiac
parasympathetic function through the vagal nerve. For the test, lie
down the patient on the bed and instructed to inhale and exhale
for 5 seconds each for 6 times. After testing, the cardiovascular
heart rate index is calculated.'

From the previous study, it was challenging to quantifying
the severity of autonomic dysfunction. For this reason, we
performed autonomic function testing and calculate composite
autonomic severity score (CASS). The CASS is the total sum of
the sudomotor index, adrenergic index, cardiovascular heart
rate index as a protocol.!¥ Cardiovascular heart rate index is
calculated by using Valsalva ratio and heart rate response to deep
breathing. Adrenergic score is calculated from the Valsalva ratio
and HUT results. From the total sum of cardiovascular heart
rate index, adrenergic score, and sudomotor index, CASS is
calculated. CASS ranges from 0 to 10. In which a score between
0-3 is classified as mild, 47 as moderate, and 8—10 as severe.'?
From CASS, we could objectively quantitate autonomic dysfunc:
tion.

5. Statistical analysis
All statistical analyses were performed using the PASW statics
ver. 18.0 (SPSS Inc., Chicago, IL, USA). Mean values between the

2 groups were compared the independent t test, and chi-square
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test was used for comparisons of categorical data. Statistical
significance was defined as a P<0.05.

6. Ethics statement
This study was approved by the Institutional Review Board of
Daegu Fatima Hospital (approval number: DFE200RIO087).

Results

1. Patient’s characteristics

The mean age of patients in our study was 13.8 years ranging
from 8 to 18 years, with a sex ratio of 18 boys (27.3%) to 48
girls (72.7%). Forty-one patients, whose mean age was 14.1
years with a sex ratio of 8 boys (19.5%) to 33 girls (80.5%), were
diagnosed with mild autonomic dysfunction. The remaining 25
patients of our study, whose mean age was 13.4 years with a sex
ration of 10 boys (40.0%) to 15 girls (60.0%), were diagnosed
with moderate autonomic dysfunction. We found no statistical
differences between the 2 groups in sex distribution, body
weight, height, body mass index, diastolic blood pressure, and
heart rate (Table 1). In laboratory finding, complete blood cell
count, electrolyte profile, thyroid function test, and N terminal
pro B type natriuretic peptide shows no statistically difference
between the 2 groups.

2, Triggers and prodromal symptoms

Among our 66 patients with VVS, we identified the following
triggers: prolonged standing (n=47), postural change (n=14),
bowel movement (n=2), exercise (n=1), stress (n=1), and

In the study group, some patients presented multiple prodro-
mal symptoms. The symptoms presented in our study were
dizziness (n=34), vision-related (n=34), nausea/vomiting (n=
5), weakness on extremity (n=3), and headache (n=1); no
symptoms were reported in 3 cases. There were no differences in
prodromal symptoms between our 2 groups (P=0.149).

3.HUTresults

All 66 patients in our study were positive on the HUT. Thirty
patients were positive on HUT without using any medication,
while 36 patients were positive on HUT after using medications
such as isoproterenol or nitroglycerin. Among the 41 patients
with mild autonomic dysfunction, 24 had vasodepressor VVS
and 17 had mixed VVS. Among the 25 patients with moderate
autonomic dysfunction, vasodepressor VVS was diagnosed in
15 and mixed VVS was diagnosed in 10. We found no instances
of cardioinhibitory VVS in our study. Furthermore, there were
no statical differences in type of VVS between the 2 groups (P=

® Mild auatonomic dysfunction
32 W Moderate autonomic dysfunction

35

30

25

20

15

Number of patients

10

Prolonged Postural Bowel Exercise Stress Unknown
unknown (n=1). We found no statistical differences in trigger standing  change movement
cause between the 2 subgroups (P= 0172) (Flg 1) Fig. 1. Triggers of vasovagal syncope.
Table 1. Patient characteristics by study group
Characteristic Total patients Mild autonomic dysfunction Moderate autonomic dysfunction Pvalue
(n=66) (n=41) (n=25)
Age (yr) 13.841.76 14.141.61 13.4%0.60 0.575
Sex
Male 18 8 10 0.070
Female 48 33 15
Type of vasovagal syncope 0.280
Cardioinhibition 0 0 0
Vasodepressed 39 24 15
Mixed 27 17 10
Height (cm) 163.0£6.41 163.0+£5.87 163.0£7.35 0.275
Body weight (kg) 54.9+11.97 53.8+£10.03 56.8+14.66 0.258
Body mass index (kg/m?) 20.6+3.94 20.243.44 21.3£4.65 0.250
Systolic blood pressure (mmHg) 111.1£10.03 109.4111.01 113.817.69 0.033
Percentile 55.56+27.22 50.85+30.10 63.28+19.91 0.012
Diastolic blood pressure (mmHg) 63.8+8.08 64.0+£8.37 63.3+7.73 0.568
Percentile 53.67+21.72 47.78+25.23 63.3247.73 0.412
Heart rate (frequency/min) 84.9111.67 85.9+10.44 83.3£13.52 0.455

Values are presented as number or meantstandard deviation or number.

Mild and moderate groups were classified according to composite autonomic severity score.

Boldface indicates a statistically significant difference with £<0.05.
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0.280) (Table 1).

4. TCDresults

TCD was conducted in 66 patients of our study group.
Diastolic blood flow; mean blood flow, and PI were measured
by TCD in all patients before administration and during positive
response on the HUT. Prior to testing, our study group had a
mean diastolic blood flow of 53.85 cm/sec, mean blood flow of
74.39 cm/sec, and PLof 0.71 compared to a mean diastolic blood
flow of 16.76 cm/sec, mean blood flow of 38.17 cm/sec, and PI
of 1.51 when the positive response on the HUT. Diastolic blood
flow and mean blood flow decreased by 68.7% and 46.7%,
respectively, while PI increased by 112.68% when patients
showed symptoms.

Patients with mild autonomic dysfunction showed a mean
diastolic blood flow of 54.83 cm/sec, mean blood flow of
75.88 cm/sec, and PI of 0.70, whereas patients with moderate
autonomic dysfunction showed a mean diastolic blood flow
of 52.20 cm/sec, mean blood flow of 71.96 cm/sec, and PI of
0.73. We found no significant differences in mean diastolic and
mean blood flow rates between patients with mild and moderate
autonomic dysfunction (P>0.05). Moreover, the value of delta
score between baseline and syncope (baseline value — syncope
value) shows no statistical difference (Table 2).

5. Autonomic function test results and severity of symptoms

Table 2. Transcranial Doppler results by study group

All 66 patients underwent autonomic function test. Mild
autonomic dysfunction group shows mean Valsalva ratio of 2.03,
heart rate response to deep breathing of 18.30, cardiovascular
index of 0.20, adrenergic index of 1.17, and sudomotor index
of 0.95. Moderate autonomic dysfunction group shows mean
Valsalva ratio of 2.02, heart rate response to deep breathing of
20.28, cardiovascular index of 0.32, adrenergic index of 2.20,
and sudomotor index of 2.00. From this result, cardiovascular
index and adrenergic index shows statistically meaningful (P=
0.033 and P<0.001, respectively) (Table 3).

6. Treatment outcomes and prognosis

Before follow-up, all patients received patient education,
such as encouraging lifestyle modifications and increased water
intake. We teach patients to stand up slowly after lying down
and take water approximately 2 I/day. And 39 patients take oral
medicine in addition to education and lifestyle modification.
The types of oral medications prescribed were propranolol
(n=29), midodrine (n=9), propranolol and midodrine (n=1).
For the treatment, we could not compare the mild and moderate
autonomic dysfunction group. As will be described later, biases
are reflected so it is worthless to compare the 2 groups.

Patients were followed-up for an average of 4.6 months, and
we found no significant differences in symptoms according to
medication type and degree of autonomic dysfunction. After

Mild autonomic dysfunction

Moderate autonomic dysfunction

Variable (n=41) (n=25) P value
Baseline
Diastolic blood flow (cm/sec) 54.83£15.17 52.20+12.46 0.722
Mean blood flow (cm/sec) 75.88+21.01 71.96+17.11 0.685
Pulsatility index 0.70%£0.15 0.73£0.12 0.798
Syncope
Diastolic (cm/sec) 16.98+7.30 16.40+7.07 0.904
Mean (cm/sec) 38.44%10.21 38.72+8.60 0.815
Pulsatility index 1.54+0.49 1.47£0.37 0.806
Delta score (A) between baseline and syncope (A=baseline-syncope)
Diastolic blood pressure 37.85+£12.52 35.80£13.12 0.618
Mean blood pressure 37.44%13.46 34.24+11.47 0.657
Pulsatility index 0.84+0.46 0.73+0.41 0.827
Values are presented as mean+standard deviation.
Mild and moderate groups were classified according to composite autonomic severity score.
Table 3. Autonomic function test results by study group
Variable Mild autonorr_]ic dysfunction Moderate auton_omic dysfunction Pvalue
(n=41) (n=25)
Valsalva ratio 2.03£0.41 2.02+0.30 0.230
Heart rate response to deep breathing 18.30+5.22 20.28+6.94 0.098
Cardiovascular index 0.20+0.40 0.32+0.56 0.033
Adrenergic index 1.17£0.50 2.20+1.04 <0.001
Sudomotor index (QSART) 0.95+0.71 2.00+1.04 0.05

Values are presented as meanstandard deviation.
QSART, quantitative sudomotor axon reflex test.

Mild and moderate groups were classified according to composite autonomic severity score.

Boldface indicates a statistically significant difference with £<0.05.
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Table 4, Treatment outcomes and patient prognosis

) : Moderate
Mild autonomic autonomic
Variable dysfunction dvsf ’ P value
(n=41) ysfunction
(n=25)
Treatment 0.006
Education 10 17
Education + medication 31 8
During follow-up 0.154
No symptoms 19 19
Symptoms 21 5
Follow-up loss 1 1

Mild and moderate groups were classified according to composite
autonomic severity score.
Boldface indicates a statistically significant difference with £<0.05.

excluding 2 patients lost to follow-up, 38 (59.4%) had no
symptoms, while 26 (40.6%) developed symptoms. The types
of symptoms included at least 1 episode of dizziness (n=23), 1
episode of syncope (n=2), and 2 or more episodes of syncope

(n=1) (Table 4).

Discussion

Syncope is a relatively common problem in adolescence, up to
15%-50% experience more than once before grown up.*1%16)
Among the syncope patients, VVS is the most common and it
is associated with autonomic dysfunction.'” The main purpose
of this study was to differentiate VVS patients according to their
degree of autonomic dysfunction and analyze the difference
between the 2 groups. In conclusion, we found no difference
between the 2 groups, and no further evaluations are needed to
classify the severity of autonomic dysfunction.

In this study, we performed laboratory test, ECG, HUT,
TCD, and autonomic function tests for syncope diagnosis and
severity assessment. It was previously shown that HUT is useful
in diagnosis of syncope.” During HUT, the blood pressure and
heart rate are monitored to evaluate hypotension, bradycardia,
and tachycardia. In addition, TCD was given to evaluate cerebral
blood flow. In our study group, we found significant decreases in
the diastolic (68.9%), mean (48.7%) blood flows, and a signifi-
cant increase in PI (112.64%) at the time of a positive result in
HUT compared to baseline.

Except for systolic blood pressure, we found no other differ-
ences in measures between mild and moderate autonomic
dysfunction in our study. Comparisons between blood test
results, TCD, prodromal symptoms, trigger factors, and follow-
up outcomes revealed no differences between the 2 subgroups.
In fact, only systolic blood pressure was slightly higher in the
moderate autonomic dysfunction group by approximately 4
mmHg on average. Although our analysis indicated a statistically
significant difference (P=0.033), we consider that the finding
may be meaningless because such blood pressure difference
between the 2 groups would not be expected to cause a physiolo-

gical difference in autonomic function.

Syncope is related with autonomic dysfunction, and conven-
tionally, HUT is most commonly used for the diagnoses of
VVS. However, HUT alone cannot determine the severity of
autonomic dysfunction, and the etiology of approximately 50%—
75% of cases remains unknown.'® In such challenging cases,
autonomic function tests can play a key role in the diagnosis and
evaluation of the severity of autonomic dysfunction.

From the previous study, they underwent autonomic function
test for the diagnosis of syncope, but they did not differentiate
degree of autonomic dysfunction.!*2? Consequently, there were
no attempts to quantifying the degree of autonomic dysfunction
of VVS patients and compare the VVS patients by the degree of
autonomic dysfunction.

From this point, we start this study. The hypothesis underlying
our current study was that there would be differences in the type,
nature, and test results of VVS in our study group depending on
the degree of autonomic nerve dysfunction. However, subgroup
analysis found no evidence of either clinical or laboratory
differences in VVS between patients with mild or moderate
autonomic dysfunction. This finding suggests that such differ-
ences in VVS are not detectable compared to other classification
categories using the CASS system. In addition, it may be that
clinical or other measured differences in VVS are offset by
compensatory mechanisms.

As mentioned above, during follow-up, we did education
alone and education with orally administered medication such
as propranolol and midodrine. Propranolol lessens ventricular
mechanoreceptor activation owing to its antisympathetic
and negative inotropic effect.?) Midodrine increases blood
pressure by increasing peripheral vascular resistance with a
modest reduction in heart rate.??) Using the chi-square test, we
found a significant difference between patients with mild and
moderate autonomic dysfunction (P=0.006); however, it not
that meaningful result. Because we use medication to compare
syncope frequency and severity, but some patients wanted to be
medicated irrespective of these factors, whereas other were not
medicated even when it was recommended. Thus, we believe
that this statistical finding is because of such biases and does not
reflect a true association.

Our study had several limitations. First, we retrospectively
analyzed medical records, and seconds, the number of enrolled
patients was relatively small. These factors limited our ability
to identify differences in VVS depending on the degree of
autonomic dysfunction VVS.

In conclusion, using test of autonomic function, we evaluated
the degree of autonomic dysfunction in patients with VVS and
compare the 2 groups. Despite reviewing records at our center
from the past 13 years, our study group of 66 patients may
have insufficient power to allow identifying and defining the
relationship between mild and moderate autonomic dysfunction
in patients with VVS. Despite this limitation, the current study,
shows that the degree of autonomic dysfunction may not be
affected by characteristics, findings, parameters, and prognosis

www.e-cep.org

https://doi.org/10.3345/cep.2021.00052 571


https://doi.org/10.3345/cep.2021.00052

of VVS. Furthermore, although a definite relationship between
mild and moderate autonomic dysfunction in patients with
VVS was not identified, we propose that further study involving
multiple centers and greater patient recruitment would reveal
the relationship between the degree of autonomic dysfunction
and characteristics, finding and prognosis of VVS.

Footnotes
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