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Abstract

We investigated circulatory dynamics in patients with vasodepressor type neurally mediated
syncope (VT-NMS) by performing high-resolution Holter electrocardiography and a correla-
tion analysis of changes in adenylate cyclase activity, blood pressure, and pulse during the
head-up tilt test. Holter electrocardiography was performed for 30 patients. Adenylate
cyclase activity was evaluated in lymphocytes from blood samples taken at rest and during
the head-up tilt test. There was no change in autonomic nerve fluctuation during electrocar-
diography in VT-NMS patients, but our results showed a significant difference in blood pres-
sure and adenylate cyclase activity between VT-NMS patients and healthy volunteers; the
systolic blood pressure of VT-NMS patients decreased after 5 min, while at 10 min, the ade-
nylate cyclase activity was the highest (0.53%) and the systolic blood pressure was the low-
est (111.8 mm Hg). Pulse rates increased after 10 min. VT-NMS patients showed higher
blood pressure, pulse rate, and adenylate cyclase activity during the tilt test than did healthy
volunteers. In patients with syncope, standing for longer than 10 minutes may increase the
risk of VT-NMS. From our results, we consider it likely that high systolic blood pressure

and adenylate cyclase activity at rest cause fainting in VT-NMS patients. Our findings may
be helpful for identifying individuals with a high risk of developing NMS in the healthy
population.

Introduction

Syncope is defined as “a loss of posture and a natural and complete recovery of consciousness
as a result of transient loss of consciousness” [1, 2]. There are various pathological conditions
that cause syncope, but the most common pathophysiology is transient hypoperfusion of the
whole brain, and the causative diseases are diverse [1, 3, 4]. Although the frequency of unex-
plained causes varies across studies, neurally mediated syncope (NMS) is the most common
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[5-10], and has been recorded in 17%-37% of Japanese people [2, 11, 12]. Fainting from NMS
occurs frequently and interferes with daily life [13, 14]; however, the cause is unknown due to
recovery at the time of examination, and because the underlying mechanisms of onset and
treatment are not clear [5, 15-18]. In addition, NMS itself is not a fatal disease, but because of
the sudden onset, head injuries due to falls and traffic accidents are common [15, 19-23]. This
means that not only the patient but also the people around them may be involved [15, 19, 20].

Previously, we have investigated the onset and causes of NMS by measuring adenylate
cyclase (AC) activity at rest and during the head-up tilt (HUT) test [24, 25]. AC mediates the
effects of the Gi protein a-subunit on blood vessel contraction and relaxation through interac-
tion with the ol or B2 adrenergic receptors. These previous studies also focused on the glu-
tamic acid repeat polymorphism site at Glu 301-303 in the 0:2B-adrenergic receptor
(ADRA2B) gene. This polymorphism has three genotypes: Glu12/12, Glul2/9, and Glu9/9. We
found that Gi o-subunit binding was stronger in the Glu9 genotype than in Glul2, and this
predicted changes in AC activity [25]. It is suggested that AC through its synthesis of cyclic
adenosine monophosphate (cAMP) profoundly affects the contraction of vascular smooth
muscle and is, thus, involved in syncope [24, 26-29]. Therefore, AC activity may be a useful
parameter for assessing the risk of NMS with syncope in healthy people. Specifically, changes
in AC activity at rest and during the HUT test in patients with the vasodepressor type (VT) of
NMS were found to be significantly higher than those in healthy volunteers. These data suggest
the possibility of AC activity being used for NMS diagnosis [24]. In addition, changes in the
concentrations of norepinephrine and epinephrine during postural changes in the HUT test
have been reported [30, 31]. Some studies have also reported that the catecholamine concen-
tration was higher at rest than before fainting [30-33]. cAMP also reaches a high level before
the patient faints [34-37].

A tilt test for syncope in high-risk individuals who have no single syncope or organic heart
disease, or who have other types of syncope, is classified as Class I according to the Japanese
Circulation Society (JCS) guidelines (http://j-circ.or.jp/english/). However, few facilities can
perform tilt inspection, and hospitalization on the day before the test is required. In addition,
this test places a heavy burden on the patient. Therefore, if it is possible to make a diagnosis by
another less invasive test, diagnosis at more facilities may become possible.

Heart rate variability (HRV) is a convenient, non-invasive method that is useful for assess-
ing the regulation of the autonomic nervous system of the heart [38-40]. HRV can also be eval-
uated using 24-hour Holter electrocardiography (ECG) and a short-term ECG. Our research
group has also used 24-hour Holter ECG for arrhythmia diagnosis [41-43]. Since syncope
involves the autonomic nerves [5], HRV results evaluated by time-domain and frequency-
domain can be used as an index for diagnosing NMS. Studies using HRV indicate that patients
with NMS have increased autonomic nervous activity in their daily lives. However, Sneddon
et al. reported that there is no difference between NMS patients and healthy volunteers [44]. In
addition, Lazzeri et al. showed low SDANN (standard deviation of the 5-min average NN
intervals) levels of HRV for each syncope event [45]. These reports suggest syncytial involve-
ment in syncope. High-resolution Holter ECG enables the evaluation of autonomic nerves by
analyzing HRV.

This study included a large sample of VIT-NMS patients and investigated the changes in cir-
culatory dynamics in these patients by performing high-resolution Holter ECG and a correla-
tion analysis of changes in AC activity, blood pressure (BP), and pulse rate during the HUT
test. By clarifying the changes in pathological phenomena occurring during stress in VI-NMS
patients, we examined the effectiveness of AC activity as a predictor of NMS recurrence and
prognosis.
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Table 1. Background characteristics of NMS patients.

All (n =124) VT-NMS (n = 45) Negative (n = 33)
Age (years), mean 49.3+21.6 51.4+25.3 54.5£19.0
Male, n (%) 83 (66.9) 30 (66.7) 24 (72.7)
Female, n (%) 41 (33.1) 15 (33.3) 9 (27.3)
EF (%), mean 67.8£8.8 69.2£8.9 65.3£10.4
(Base) Systolic BP (mmHg) 119.6+17.8 118.5+14.1 124.3+21.7
(Base) Diastolic BP (mmHg) 73.7+£12.6 74.4+10.2 76.1+15.6
(Base) Pulse (bpm) 66.4+14.0 66.3t14.4 66.5£12.5

NMS, neurally mediated syncope; VT, vasodepressor type; EF, ejection fraction; bpm, beats per min; BP, blood

pressure.

https://doi.org/10.1371/journal.pone.0251450.t001

Materials and methods
Research patients

Tilt tests were performed on 126 Japanese patients at our hospital between January 2016 and
May 2020 (Table 1, S1 Table, and Fig 1). All these patients were suspected of having NMS with
at least one loss of consciousness. All patients were examined and treated according to the
guidelines of the JCS (http://j-circ.or.jp/english/). The Japanese guidelines follow the 2009
European Society of Cardiology guidelines [46].

Head Up Tilt Test n=126

—> NMS: Cardioinhibitory type n=10
— > NMS: mixed type n=31
— Orthostatic hypotension n=5

—> Missing value n=2

l |

NMS: Vasodepressor type !
n=45 ] n=33

l ]

AC activity level 24hr ambulatory ECG 24hr ambulatory ECG

n=27 n=19 =t
Of the 45 patients, Of the 45 patients, 19 patients
we investigated the recieved the ECG.
AC activity level of
27 patients.

Fig 1. Schematic diagram of the survey target of our study. NMS, neurally mediated syncope; AC, adenylate cyclase; ECG,
electrocardiogram.

https://doi.org/10.1371/journal.pone.0251450.9001
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Table 2. Background characteristics of VIT-NMS patients and healthy volunteers for the tilt test.

VT-NMS (n = 27) Healthy (n = 15) p-value
Age 43.8+21.3 37.2+7.8 NS (p = 0.256)
Male (%) 13 (48.2) 5(33.3) -
Female (%) 14 (51.8) 10 (66.7) -
(Rest time) Systolic BP (mm Hg) 116.4+14.1 107.9+8.0 p =0.0362
(Rest time) Diastolic BP (mm Hg) 74.0+£12.0 66.2+8.8 p =0.0322
(Rest time) Pulse (bpm) 66.7+14.1 65.7+8.9 NS (p =0.818)

NMS, neurally mediated syncope; VT, vasodepressor type; BP, blood pressure; bpm, beats per min; NS, non-
significant.

https://doi.org/10.1371/journal.pone.0251450.t002

Two of the 126 patients had missing data and were excluded from the target group. A retro-
spective comparative study was conducted on patients who underwent a tilt test. This resulted
in 45 VT diagnoses and 33 negative tests.

A high-resolution Holter ECG (Digital Walk FM-180S, Fukuda Denshi, Tokyo, Japan; or
Spider View, Ela Medical, Paris, France) was performed in 19 VT-NMS patients and 11 nega-
tive patients (Fig 1). A tilt test was then performed, and a retrospective comparative study was
conducted on these 30 patients diagnosed with blood vessel inhibition type and 29 negative
patients (Table 2).

Diagnosis was also based on the guidelines of the JCS. The AC activity study compared
VT-NMS patients and healthy volunteers. Patients with VT-NMS were hospitalized on the day
before the test. After recording the patients’ medical history and medications and explaining
the purpose and content of the test, we performed the HUT test. All patients and guardians of
minors provided written and verbal consent for participation in the study prior to the test. Par-
ticipating patients received verbal and written orientation to the study for over a period of one
to two hours. All written consent was obtained in the form of signatures.

Patients diagnosed with VT-NMS by the HUT test were included in the study. We recruited
healthy volunteers by using posters. Healthy volunteers provided informed consent after
receiving the same information as the VT-NMS patients before the test. None of the patients
had brain or heart disease.

This study was conducted under the approval of the Ethics Review Committee and the
Medical Ethics Committee of Tokai University School of Medicine, Clinical Research Review
Board (No. 14R-53) [24] and was in accordance with the Declaration of Helsinki. Only
VT-NMS patients were used because a previous study provided further analysis of AC activity
[24].

Holter ECG

The Holter ECG was performed on 30 patients at the discretion of the outpatient attending
physician (S2 Table). The test equipment, Digital Walk FM-180S (Fukuda Denshi, Tokyo,
Japan) and Spider View (Ela Medical, Paris, France), was attached in the outpatient depart-
ment, removed the next day, and analyzed.

HUT test

The HUT test was performed in accordance with the guidelines. The patients were hospitalized
on the day before the test and refrained from eating for 12 hours. The test was carried out
between 9:00 and 11:00 the next morning [24].
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Fig 2. Picture of the head-up tilt table and four points of blood draw.
https://doi.org/10.1371/journal.pone.0251450.9002

After resting for approximately 15-20 min in the supine position, the tilt table was elevated
to 70°, and BP, pulse, and electrocardiograms were measured using Task Force Monitor TFM-
3040 (Nihon Kohden, Tokyo, Japan) every min thereafter (Fig 2). The cuff was placed approxi-
mately 2 cm above the elbow. Patients who did not experience syncope were loaded with 0.3
mg of nitroglycerin (Toa Eiyo, Tokyo, Japan) 20 min after standing (Fig 2). The same proce-
dure was performed on healthy volunteers.

Comparison of AC activity in healthy volunteers and VT-NMS patients

Fifteen healthy volunteers (mean age, 37.2+7.8 years) and 27 VT-NMS patients (mean age,
43.8+21.3 years) were investigated. Patients were asked to refrain from caffeine and alcohol
from the day before the test. The analysis data for VT-NMS patients did not include data after
syncope.

Blood sampling for measuring AC activity

We isolated the lymphocyte layer from the blood by centrifugation using Vacutainer Blood
Collection Tubes (BD, New Jersey, NY, USA). Next, the lymphocytes were washed with induc-
tion buffer (RPMI 1640, Thermo Fisher Scientific, Inc., Waltham, MA, USA) in a medium to
separate the platelets and isolate the lymphocytes. Lymphocytes were combined with the test
reagent (adrenaline 10 uM for 10 000 cells) for 30 min at 25°C. cAMP was measured using the
Promega cAMP-Glo Assay protocol (GloMax®-Multi Detection System, Wisconsin, USA)
[47] and the values were confirmed using a standard curve [24]. AC activities were measured
in the presence of induction buffer and /or test reagents (basal) and 100 pM forskolin (FK). In
our study, FK concentrations reached a plateau at 100 uM FK. The results of the AD activity
levels are expressed as percentages of FK-stimulated activity [24, 25, 48-50]:
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The AC activity level was calculated as:
AC activity level = amount of cAMP produced of AD / amount of cAMP produced at
100 uM FK [24].

Statistical analysis

JMP®) 14 (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis of AC activity,
BP, and pulse rates. The analysis used a t-test to confirm a significant difference; p<0.05 was
considered significant. The average variance was expressed as the mean * standard deviation.
In addition, for the analysis of the amount of AC activity, the ratio of AD 1 uM was determined
with 100 pM FK as 100% [24].

Results
Patient background

The average age of the 124 patients was 49.3+21.6 years. The left ventricular ejection fraction
measured by transthoracic echocardiography was 67.8%+8.8% (Table 1 and S1 Table). The
average age of the patients with VT-NMS was 51.4+23.5 (men, 54.7+23.2; women, 44.9+23.6)
years and of the negative patients was 54.5£19.0 (men, 57.4+19.3; women, 46.7+16.8) years.
Both young and old individuals are thought to be susceptible to VI-NMS; however, there was
no age difference in the cases suspected at our hospital. There were also no age-related differ-
ences in the ejection fraction between VT-NMS and negative patients (S3 Table). In addition,
VT-NMS patients were not biased by age or sex. Moreover, there was no statistical difference,
as VT-NMS tended to occur more frequently in older patients.

Evaluation of high-resolution Holter ECG in VT-NMS and negative
patients

Nineteen VT-NMS patients and 11 patients with negative HUT test results underwent a high-
resolution ambulatory Holter ECG (S2 Table). The left ventricular ejection fraction measured
by transthoracic echocardiography was 69.9%+8.8% for VT-NMS patients and 65.6%+11.0%
for patients with negative tests. The number of premature ventricular contractions (PVCs) was
significantly higher in the negative HUT group than in the VT-NMS group (611.7+1061.9 vs.
6.6+£10.7; p = 0.018).

Comparison of the AC activity level at rest and the timing of the HUT test
between VT-NMS patients and healthy volunteers

The systolic pressure at rest (seven points) was significantly higher in the VT-NMS group than
in the healthy volunteers (116.4+14.1 mm Hg vs 107.9+8.0 mm Hg; p = 0.0362) (Tables 2-4;
S4 Table; and Fig 3). During the HUT test, BP, and heart rate (HR) increased in both the
VT-NMS patients and the patients who received negative HUT test results (S5 Table and Fig
3). BP and HR of both groups were also higher in comparison with the healthy volunteer
group. In particular, SBP was significantly higher (p = 0.036) in patients with VT-NMS (Fig
3A). The diastolic blood pressure (DBP) was also significantly higher (p = 0.032) in patients
with VT-NMS. Moreover, the level of AC activity was consistently higher in the VT-NMS
group at any point during the entire course of the HUT test (at rest, standing, 10 min after
standing, and 20 min after standing) (Table 3).

Our results showed that AC activity levels of the VT-NMS patients were significantly higher
(p<0.05) than those of the healthy volunteers in both the rest position and at the four points
(baseline, 70°, after 10 min, after 20 min) of the HUT test position (Tables 3 and 4 and Fig 3).
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Fig 3. Changes in BP, HR, and AC activity in VT-NMS patients and healthy volunteers during tilt tests. (a) SBP,
(b) DBP, (c) HR. BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; AC,
adenylate cyclase; VT, vasodepressor type; NMS, neurally mediated syncope.

https://doi.org/10.1371/journal.pone.0251450.g003

Additionally, the amount of AC activity after 10 min had the most significant difference

(p = 0.0002) between the healthy volunteers and VT-NMS patients. The AC activity immedi-
ately after stress loading decreased in both the healthy volunteers and VT-NMS patients; how-
ever, the BP increased.

In the healthy volunteers, we were not able to confirm significant differences in BP and AC
activity. However, in the VT-NMS patients, the highest systolic BP (SBP) (123.9+18.4 mm Hg)
was reached 3 min after stress loading, decreased after 5 min, and decreased further to 111.8
+19.8 mm Hg after 10 min (rate of change, -12.1 mmHg) (Table 4 and Fig 3A). The BP did not
change from 10 to 20 min; however, AC activity was higher than that at rest. During diastole,
the BP of the healthy volunteers and VT-NMS patients increased immediately after stress load-
ing but no significant changes were observed thereafter. In addition, the pulse rate increased
significantly in both the healthy volunteers and VT-NMS patients immediately after stress;
however, the healthy volunteers did not elicit significant differences 20 min after stress. How-
ever, in the VT-NMS patients, it increased further after 10 min and reached 86.9+21.6 bpm
after 20 min. In the tilt test, AC decreased after 10 min, BP decreased, and pulse rate increased.

Discussion

In our NMS examination, we focused on the most common VT-NMS and evaluated auto-
nomic nerves during non-seizures together with the high-resolution Holter ECG and the HUT
test. Among the 124 patients, there was no predominant age for NMS; as it affects young and
old individuals, there was no age difference in the cases suspected at our hospital. In addition,
VT-NMS patients were not biased by sex.

Moreover, in the analysis of the high-resolution Holter ECG, we did not observe a change
in autonomic nerve fluctuation in VT-NMS patients. In our hospital, a 24-hour Holter ECG is
performed to rule out fainting due to arrhythmia. This has been proposed as a non-invasive
risk assessment for sudden death [42, 43]. In addition, it is possible that negative patients may
have a hidden disease that may cause sudden death, and further scrutiny, such as an implant-
able loop recorder, is considered necessary [51-55].

Moreover, the number of PVCs recorded for the 24-hour Holter ECG was significantly
higher (p = 0.018) in negative patients, and three of the negative patients had high levels (S2
Table). None of the three patients took beta blockers, and the results only occurred in approxi-
mately 1%-3% of the total HR measurements. In general, PVC itself has a good prognosis;
however, there are case reports that it may trigger serious arrhythmias [56]. In our study, one
of the three patients died suddenly of unknown cause. The relationship between syncope and
arrhythmia has rarely been diagnosed by Holter [57]. Therefore, in the future, long-term mon-
itoring needs to be considered to analyze the cause of syncope in negative patients.

Table 3. AC activities of VI-NMS patients and healthy volunteers.

Base 70° 10 min 20 min
15 healthy volunteers 0.32+0.14 0.27+0.14 0.29+0.10 0.34+0.12
27 VT patients 0.47+0.18 0.45+0.19 0.52+0.21 0.52+0.21
P value 0.0051 0.0020 0.0002 0.0031

AC, adenylate cyclase; VT, vasodepressor type; NMS, neurally mediated syncope.

https://doi.org/10.1371/journal.pone.0251450.t003
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Table 4. Data for 27 VT-NMS patients and 15 healthy volunteers.

a. SBP

VT patients

Rate of change
Healthy volunteers
Rate of change

p value

b. DBP

VT patients

Rate of change
Healthy volunteers
Rate of change

p value

c. HR

VT patients

Rate of change
Healthy volunteers
Rate of change

p value

Base
116.4+14.1

107.9£8.0

0.036

Base

74.0+£12.0

66.2+8.8

0.032

Base

66.7+14.1

65.7+8.9

0.818

70° 3 min 5 min 10 min 15 min 20 min
122.4+14.0 123.9+18.4 118.1 £16.6 111.8+19.8 111.3+21.4 112.3+16.9
(6.0) (7.5) (1.7) (-4.6) (-5.1) (-4.1)
111.1+15.5 108.8+9.1 107.1+12.6 101.9+10.0 104.4+10.7 101.949.1
(3.2) (0.9) (-0.8) (-6.0) (-3.5) (-6.0)
0.020 0.019 0.032 0.090 0.264 0.037

70° 3 min 5 min 10 min 15 min 20 min
80.6£11.9 81.0£11.6 78.6+11.8 76.5£13.5 74.3t14.4 76.8+15.1
(6.6) (7.0) (4.6) (2.5) (0.3) (2.8)
79.7+8.5 78.1+7.8 74.5%8.1 72.4£10.6 73.6£10.7 74.7+8.7
(13.5) (11.9) (8.3) (6.2) (7.4) (8.5)
0.815 0.472 0.248 0.335 0.865 0.640

70° 3 min 5 min 10 min 15 min 20 min
78.5+£16.8 81.0+15.8 82.1£17.0 82.1+18.1 84.3+£19.6 86.9+21.6
(11.8) (14.3) (15.4) (15.4) (17.6) (20.2)
74.317.6 74.7+6.8 77.1+7.4 75.6+7.4 78.318.5 79.7+8.0
(13.5) (11.9) (8.3) (6.2) (7.4) (8.5)
0.360 0.233 0.282 0.212 0.282 0.232

NMS, neurally mediated syncope; VT, vasodepressor type; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.

https://doi.org/10.1371/journal.pone.0251450.t004

In the HUT test, the SBP decreased from the HUT standing position (70°) after 10 min, and
the hemodynamics were affected, even before syncope. In VT-NMS patients, it is considered
that the blood vessels dilate and syncope occurs because of an increase in AC activity. From
our results, it can be said that VT-NMS patients are prone to fainting due to high SBP and AC
activity at rest. Patients with syncope who have high AC activity and high SBP at rest are more
likely to be NMS-positive. These results support our previous findings and may, therefore, be
one of the indicators when performing diagnosis and treatment in facilities where the tilt test
cannot be performed. Since VT-NMS patients have high resting SBP and AC activity, these
patients should be given lifestyle guidance that does not aggravate AC activity (Fig 3A). Our
results showed that AC activity levels of VT -NMS patients were significantly higher than
those of the healthy volunteers in both the rest position and at the four points of the HUT posi-
tion (Table 3). In particular, the amount of AC activity after 10 min was the most significant
difference (p = 0.0002) between healthy volunteers and VT-NMS patients. The AC activity
immediately after stress loading decreased in both healthy volunteers and VT-NMS patients;
however, the SBP increased. In addition, the DBP of the VT-NMS patients increased further
from 10 min (Fig 3A and 3B).

In patients with syncope, standing for more than 10 min may increase the risk of VT-NMS.
AC synthesizes CAMP from ATP [58-60]. At that time, owing to the action of the a2B-adren-
ergic receptor, the Gi protein a-subunit suppresses AC activity and causes blood vessel con-
traction [48, 49, 61-63]. On the other hand, the B2 adrenergic receptor signals the blood
vessels to relax by binding to the Gs protein [49, 64]. In addition, when cAMP activates protein
kinase A, the calcium ion channel opens and calcium uptake is promoted, which affects the
contractile force of smooth muscle [26-29, 65-67]. Therefore, an increase in AC activity
results in a decrease in SBP. In VT-NMS patients, when the AC activity increased before NMS
syncope, the SBP decreased. Healthy patients have stable AC levels and do not have large fluc-
tuations in SBP. For VT-NMS patients, when the blood vessels dilate and syncope occurs, this
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is caused by an increase in AC activity (rate of change, +0.07%) (Fig 3A). From our results, we
consider it likely that high SBP and AC activity at rest cause fainting in VT-NMS patients. In
the future, we would like to increase our number of VT-NMS patients and investigate other
NMS types, such as the mixed-type and cardioinhibitory type.

Patients with syncope who have high AC activity and high SBP at rest are more likely to be
VT- NMS-positive (Fig 3A). It is thought that providing guidance to patients with suspected
VT- NMS will help prevent syncope; such guidance includes advice to avoid dehydration and
stressful situations, such as standing for more than 10 min, and hot and crowded environ-
ments. In addition, various studies have connected caffeine intake to increased AC activity
[68-70], and it is necessary to instruct these patients to refrain from caffeine intake. Although
there are no studies on the effectiveness of providing such lifestyle guidance, reduced caffeine
intake has a significant impact on reducing the recurrence of syncope [1].

Our study had some limitations. While we confirmed that there are differences in the pat-
terns of AC activity, BP, and HR in VT- and mixed-type NMS patients, especially those with
VT-NMS, we plan to further analyze mixed-type patients. Since the number of cardioinhibi-
tory type patients in this study was only 10, a further survey should be conducted with a larger
cohort. After considering the three types of NMS, we decided to focus this study on the
VT-NMS type because we were able to survey more VT-NMS patients, and these patients
showed significantly higher AC activities and BP values.

Conclusions

Our study showed a significant difference in SBP and AC activities between VT-NMS patients
and healthy volunteers during the HUT test. In VT-NMS patients, when the AC activity
increased before NMS syncope, the SBP decreased. Conversely, healthy volunteers have stable
AC activity levels and do not experience large fluctuations in SBP. For VT-NMS patients,
when blood vessels dilate and syncope occurs, the cause is an increase in AC activity. For that
reason, in patients with syncope, standing for more than 10 min may increase the risk of
VT-NMS. From our results, we consider it likely that high SBP and AC activity at rest cause
fainting in VT-NMS patients. In addition, our results offer a means of identifying people in
the healthy population that are at risk of developing NMS.
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