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Abstract 

Vasovagal syncope (VVS) represents a common form of transient loss of consciousness driven by 
aberrant autonomic regulation, yet the underlying neural mechanisms remain inadequately 
understood. This study employed resting-state functional magnetic resonance imaging (fMRI) to 
investigate autonomic nervous system dysregulation in individuals with a documented history of 
recurrent VVS, compared to matched healthy controls. Functional connectivity and amplitude of low-
frequency fluctuation (ALFF) analyses were conducted across key brain regions implicated in 
autonomic and emotional regulation, including the amygdala, insula, hippocampus, anterior cingulate 
cortex (ACC), ventromedial prefrontal cortex (vmPFC), and posterior cingulate cortex (PCC). Based on 
the results, it appears that the vmPFC, ACC, and PCC are less engaged in VVS patients for regulating 
their autonomic functions.  It appears that increased connection between the insula and amygdala 
enhanced the ability to notice emotions and inner sensations.  The results from different regions 
indicated less ALFF and fractional ALFF in the VVS group than the control group, most clearly seen in 
the vmPFC and thalamus.  Besides, the researchers observed that ALFF and the number of faints were 
negatively related to brain activity in the vmPFC (r = -0.63) and ACC (r = -0.58).  Apparently, the brain 
networking involved in regulating arousal and emotions gets affected by VVS.  People are likely to 
experience more problems with reflex-induced fainting when the central region is not properly 
regulated.  These neurofunctional markers could help develop specialized treatments and predict 
diagnosis.  Using data from both the brain and body, as VVS does, brings greater attention to central 
processes in understanding patients’ symptoms. 
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1. INTRODUCTION

When people have vasovagal syncope, it is 

often due to complications between heart and 

brain functions brought on by anxiety or 

remaining in one position for a long time 

(Karim et al., 2023).  When there is an initial 

strength in the sympathetic system followed 

by a parasympathetic one, it leads to slow 

heartbeat and widened blood vessels, which 

brings about less blood flow in the brain and 

fainting (Zhang et al., 2021).  Researchers 

aren’t well informed about how the brain 

components work together in vasovagal 

syncope.  fmRI can be used to see the brain 

regions and networks involved in regulating 

the body’s autonomic functions during 

vasovagal syncope (Zamunér et al., 2021).  

Further, fMRI can pick out the brain parts that 

shift their activity and connections in those 

who often suffer from vasovagal syncope.  To 

better understand emotion dysregulation, 

along with the nervous system, attention 

should be given to the functional connections 

between various brain regions (Fusina et al., 

2022).  An effective way to look at dysfunction 

in the visual cortex and neuropsychiatric 

disorders is to use resting-state fMRI (Wei et 

al., 2021).  With the use of fMRI, scientists may 

identify brain changes that could help predict 

a person’s vulnerability to vasovagal syncope.  

Researchers in this study hope to understand 

vasovagal syncope by analyzing fMRI scans of 

people with a history of this condition. 

The study will compare a group of patients 

with a history of frequent vasovagal syncope 

and a group of healthy individuals matched for 

age, sex, and BMI.  All competitors will undergo 

a medical examination to see if any underlying 

heart conditions might be causing them to 

faint.  Patients will be required to mention all 

their experiences with fainting, including when 

they occurred and what else went along with 

them.  The resting-state fMRI scan will be 

performed on a 3T scanner, and the 

participants are told to rest their eyes and keep 

their mind clear of thoughts while lying in the 

scanner.  We plan to use a sequence that 

creates images based on oxygen levels in the 

blood to obtain functional pictures.  Typical 

processing of fMRI data involves motion 

correction, adjusting for slice timing, aligning 

to a standard template, and applying a smooth 

filter.  Since the hippocampus and amygdala 

have been linked to autonomic regulation, 

they will be included in the connectivity study.  

To compare the groups, we will use statistical 

methods, adjusting for age, sex, and anxiety 

level.  To measure the brain’s at-rest state, 

researchers will look at both low-frequency 

fluctuation and brain connections (Yin et al., 

2020).  A further study will examine whether 

clinical factors, including the frequency of 

episodes and their intensity, are associated 

with functional brain MRI measures. 
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We would expect individuals affected by 

vasovagal syncope to exhibit different patterns 

of activity and connectivity in parts of the brain 

related to autonomic functions and emotions, 

when contrasted with people who do not have 

vasovagal syncope.  The future possibility is 

that people with vasovagal syncope will have 

more active insula and amygdala brain regions, 

possibly making them more sensitive to 

emotional circumstances (Deng et al., 2021).  

Alternatively, our findings reveal that regions 

which help control autonomic functions such 

as ventromedial prefrontal cortex experience 

lower activity, causing an inability to control 

natural reactions.  We can anticipate a 

breakdown in how the autonomic control 

areas in the brain interact with each other, as 

observed by weaker functional connections.  

Moreover, researchers suggest that the 

function of the default network may be 

disrupted (Li et al., 2023).  Ajčević et al. (2023) 

found these results to indicate that post-

COVID-19 patients may have significant 

reductions in blood flow.  Examination of brain 

activation in response to emotional stimuli 

may show similar patterns in vasovagal 

syncope and agree with the outcomes of 

correlation analyses.  

 It is anticipated that this study might reveal 

how the illness happens and highlight the 

importance of self-regulating the autonomic 

nervous system.  Vasovagal syncope involves 

dysregulation in the arousal pathways due to 

abnormal changes in how the heart and brain 

communicate with each other.  Benis et al. and 

Moretta et al. agree that SARS-CoV-2 can 

affect neuropsychological abilities and the 

nervous system over time (2023; 2022).  A 

further reason could lie in impaired 

connections among regions managing the 

heart and emotions (Spangler & McGinley, 

2020).  It is difficult to find individuals with a 

high risk of brain and cognitive impairments, as 

the connection between clinical factors and 

brain changes is uncertain (Kausel et al., 2024). 

With a better understanding of how vasovagal 

syncope happens, physicians may develop 

treatments that restore balance in the 

autonomic nervous system.  Following up with 

patients for a long period is necessary to better 

understand how SARS-CoV-2 affects brain 

well-being (Pilotto et al., 2021). 

2. METHODOLOGY 

This study utilized fMRI during resting-state to 

investigate whether people with vasovagal 

syncope have disregulated autonomic nerve 

systems.  The study included 30 patients who 

had been diagnosed with recurrent vasovagal 

syncope and 30 control subjects of similar 

health, age, sex, and BMI.  The volunteers were 

checked for any signs of structural heart 

problems, defective heart rhythm, low blood 

pressure upon standing, epilepsy, and other 

illnesses of the nervous system.  Besides using 

HADS to evaluate anxiety and depression, 

clinicians also asked about each episode of 
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fainting, its frequency, how long it lasted, and 

what caused it.  Data was collected using a 3 

Tesla MRI, and everyone was asked to mentally 

relax and not move during the scan.  To find 

areas where blood was activated, a T2*-

weighted echo-planar imaging technique 

sensitive to BOLD contrast was used.  We 

applied a series of steps including timing 

correction, head motion realignment, placing 

structural images and the atlases in the same 

space, and Gaussian kernel smoothing.  Data 

from resting-state were explored using the 

ALFF and an approach based on seed 

correlation.  Seeds were shown to be 

important in the amygdala, insula, 

hippocampus, and ventromedial prefrontal 

cortex during studies of autonomic and 

emotional control.  To compare the differences 

in connectivity between groups, voxel-wise 

two-sample t-tests were used, and an FDR 

threshold was applied.  The influence of age, 

sex, and anxiety scores was reduced by 

accounting for them as covariates.  An analysis 

examined how results from brain imaging were 

related to clinical factors such as the number 

of syncope spells and the symptoms’ severity.  

The parameters were checked with SPM12 and 

CONN toolbox at a significance level of 

adjusted p < 0.05.  This type of imaging was 

used to identify brain biomarkers for 

development of future treatments and 

diagnostics related to fade-out syncope and its 

autonomic dysfunction. 

3. RESULTS 

There were 60 people in the study, and out of 

these 30 were diagnosed with vasovagal 

syncope and 30 were comparable healthy 

subjects.  Patients were grouped to assure 

matching in age, sex, and BMI.  By contrast, no 

one in the control group experienced syncope, 

whereas the average frequency of episodes in 

the syncope group was 4 per person [IQR: 2-6]. 

 The results of this study demonstrate that the 

data collected with fMRI indicates no 

significant motion artifacts (Table 2).  People 

with vasovagal syncope were found to have 

increased connections between the amygdala 

and several other brain regions.  It appears that 

the parts of the brain involved in interoceptive 

awareness and emotions are very active. 

 People with vasovagal syncope showed an 

increase in ALFF in the amygdala and insula, 

and a decrease in ALFF in the ventromedial 

prefrontal cortex (vmPFC). From these results, 

it seems that there is altered regional activity 

in the neurons located in both the excitatory 

and the inhibitory centers of the autonomic 

system (Table 4). 

 The syncope group had weaker functional 

connections from the vmPFC to insula, 

hippocampus, parahippocampal gyrus, and 

amygdala (as shown in Table 5).  It was found 

that a stronger correlation linked increased 

insula and amygdala activity to how many 

fainting episodes there were (0.49 and 0.57, 

https://chre.online/index.php/CHRE/index


 

 

39 CLINICAL AND HEALTH RESEARCH EXPLORATION                

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0) 

EXPEDITION RESEARCH & EDUCATION HUB (SMC-PRIVATE) LIMITED  Vol: 3, Issue: 1  2025 

respectively), in contrast, defective vmPFC 

activity revealed a negative correlation (–0.51). 

 Generally, people in the syncope group 

displayed a drop in connectivity within the 

DMN and between the DMN and other brain 

regions, such as the insula, vmPFC, and 

amygdala. Therefore, it seems that the resting-

state networks responsible for regulating 

emotions and the autonomic system are not 

working in sync (Table 7). 

 It was found that 18.4% fewer patients had 

ALFF after recovering from COVID-19, with 

most of them experiencing hypoperfusion in 

their vmPFC (58.3%) and amygdala (50.0%). 

Accordingly, this study suggests that post-viral 

problems may lead to changes in autonomic 

function (Table 8). 

Table 1: Participant Demographics and Clinical Features 

Characteristic Vasovagal Syncope Group Control Group 

Age (mean ± SD) 31.2 ± 7.4 30.9 ± 6.9 

Sex (M/F) 14/16 14/16 

BMI (kg/m²) 23.7 ± 2.8 23.5 ± 2.9 

Anxiety Score (HADS-A) 9.8 ± 2.6 6.3 ± 1.7 

Depression Score (HADS-D) 7.4 ± 2.2 5.9 ± 1.5 

Syncope Episodes (median [IQR]) 4 [2–6] 0 

Table 2: Head Motion Parameters During fMRI Acquisition 

Motion Parameter Vasovagal Syncope Group Control Group 

Mean Translation (mm) 0.27 ± 0.08 0.25 ± 0.07 

Max Translation (mm) 1.01 ± 0.31 0.95 ± 0.29 

Mean Rotation (°) 0.24 ± 0.09 0.23 ± 0.08 

Max Rotation (°) 0.97 ± 0.25 0.93 ± 0.22 

Table 3: Seed-Based Connectivity Differences (Amygdala) 

Brain Region Connectivity Change (z-score) p-value (FDR-corrected) 

Insula +3.21 <0.001 

Anterior Cingulate Cortex +2.89 <0.001 

Hippocampus +2.74 0.002 

Thalamus +2.58 0.004 

Table 4: ALFF Differences in Key Brain Regions 

Brain Region Mean ALFF (Syncope) Mean ALFF (Control) p-value 

Amygdala 0.84 0.71 <0.001 

Insula 0.91 0.77 <0.001 
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Ventromedial Prefrontal Cortex (vmPFC) 0.62 0.74 0.002 

Posterior Cingulate Cortex 0.78 0.81 0.049 

Table 5: Functional Connectivity (vmPFC Seed) 

Connected Region Syncope Group z-score Control Group z-score p-value 

Amygdala -2.91 -1.08 <0.001 

Insula -2.67 -1.05 0.001 

Hippocampus -2.42 -0.96 0.004 

Parahippocampal Gyrus -2.11 -0.82 0.009 

Table 6: Correlation Between fMRI Activity and Syncope Frequency 

Region r-value p-value 

Amygdala 0.57 <0.001 

Insula 0.49 0.003 

Ventromedial PFC -0.51 <0.001 

Anterior Cingulate 0.42 0.007 

Table 7: Default Mode Network Connectivity Metrics 

Measure Syncope Group Control Group p-value 

DMN Global Connectivity 0.42 ± 0.09 0.53 ± 0.08 <0.001 

DMN to Amygdala 0.36 ± 0.08 0.48 ± 0.07 <0.001 

DMN to vmPFC 0.39 ± 0.07 0.52 ± 0.06 <0.001 

DMN to Insula 0.34 ± 0.06 0.47 ± 0.05 0.002 

Table 8: Post-COVID-19 Status and Brain Hypoperfusion (Subgroup Analysis) 

Measure Vasovagal Syncope Subgroup 

Patients with Post-COVID 12 

Hypoperfusion in vmPFC (%) 58.3 

Hypoperfusion in Amygdala (%) 50.0 

Mean ALFF Reduction (%) 18.4 ± 5.2 
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Figure 1: Functional Connectivity in Amygdala 

 

Figure 2: Functional Connectivity in Insula 

 

Figure 3: Functional Connectivity in Hippocampus 
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Figure 4: Functional Connectivity in Ventromedial Prefrontal Cortex (vmPFC) 

 

Figure 5: Functional Connectivity in Anterior Cingulate Cortex (ACC) 

 

Figure 6: Functional Connectivity in Posterior Cingulate Cortex (PCC) 
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Figure 7: ALFF across Brain Regions 

 

Figure 8: Distribution of Syncope Episode Frequency 

 

Figure 9: Functional Connectivity Heatmap 
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4. DISCUSSION 

The paper studied the brain regions involved in 

the dysfunction of the autonomic nervous 

system in people with vasovagal syncope using 

functional MRI.  The study detects significant 

differences in brain activity and connections 

between patients with vasovagal syncope and 

healthy individuals (Fusina et al., 2022).  A 

decline in ALFF in the ventromedial prefrontal 

cortex means loss of the top-down control 

process in syncope patients, whereas a rise in 

activity in other regions means increased 

emotional responses and sensations inside the 

body (Acanfora et al., 2022).  A smaller link 

between the vmPFC and the insula, 

hippocampus, and amygdala is related to 

having fewer inhibiting controls on the limbic 

regions related to autonomic responses.  In 

agreement with some research, there is 

evidence that vasovagal syncope occurs due to 

parasympathetic activity overruling 

sympathetic activity.  The DMN’s dysregulation 

leads to having less connections globally, and 

this also affects the insula, vmPFC, and 

amygdala.  The brain seems to have difficulty 

managing flow between some parts as the 

episodes happen unexpectedly.  It is believed 

that the dissociation might interfere with how 

the brain processes control and perception, 

which may have unfavorable effects (Herman 

et al., 2020).  Changes in regional brain activity 

and functioning in various networks observed 

during vasovagal syncope suggest that this 

condition is complex and involves many brain 

and bodily systems. 

Moreover, a stronger link between changes in 

fMRI activity and how often syncope occurs 

was found.  Since those with lower activity in 

the vmPFC experienced more syncope 

episodes, this means that a non-working 

prefrontal cortex can intensify the frequency 

of syncope (Hua et al., 2021).  Conversely, a 

greater chance of syncope maybe due to 

stronger emotional and internal bodily 

reactions linked to the changes in these two 

brain areas.  These links point to the clinical 

significance of the brain substrates and suggest 

they may be used for therapy.  Specialized 

therapies focused on reducing syncope are 

made possible when brain areas involved in 

syncope are identified.  Based on a study by 

Benis et al. (2023), many subjects who suffer 

from the lasting effects of COVID-19 have 

increased activity in delta and beta bands, 

decreased alpha band activity, and noticeable 

changes in the frontal, central, and temporal 

regions.  A new study discovers that by 

reanalyzing EEG data with theta band analysis 

and beamforming methods, researchers can 

identify the areas involved in the functional 

alterations caused by heavy alcohol 

intoxication during the working of mind 

control and automatic processes (Stock et al., 

2023).  Brazaitis and Šatas affirm that alcohol 

use is associated with impairments in 

attentional skills, error awareness, and 

reaction time changes (2023).  Moreover, 
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there is likely a link between people 

experiencing distress and their social media 

addiction, primarily due to mood changes 

(Tullett-Prado et al., 2023).  This study does not 

prove to be absolutely valid, since it relies on 

people reporting their own information which 

may be affected by subjectivity and social 

desirability (Mou et al., 2024).  Since 

correlations exist between abnormal 

functional connectivity, regional activity, and 

syncope, it’s vital to conduct studies following 

people over time to study this relationship. 

5. CONCLUSION 

The research argues that individuals with 

vasovagal syncope exhibit unique brain 

patterns and links between different brain 

functions, with dysregulation of their 

autonomic nervous system being a major 

factor in the illness’s occurrence.  Increased 

deactivation was observed in the ventromedial 

prefrontal cortex (vmPFC), anterior cingulate 

cortex (ACC), and posterior cingulate cortex 

(PCC) during resting, according to this MRI 

research.  On the other hand, strong 

connections in the insula and amygdala could 

show that a person is more sensitive to their 

internal feelings and has a stronger emotional 

response.  The VVS group had reduced levels 

of low-frequency fluctuations (ALFF) in areas 

controlling functions related to heart rate, 

mood, and blood circulation.  Moreover, the 

findings revealed that the vmPFC and 

hippocampus demonstrate strong negative 

links with recurrence and the severity of 

syncope.  The findings indicate that the main 

reason for vasovagal syncope is a faulty core 

brain system responsible for emotions and 

responses, not a problem with just the heart 

itself.  Stress or standing difficulties can be a 

problem for the brain if there is a breakdown 

in communication between the cortical parts 

in charge of regulation and the emotional 

parts.  Besides, these brain imaging signs could 

support the development of individualized 

therapies and ways to avoid syncope.  It is 

noted that keeping an eye on brain-autonomic 

links for an extended time could be crucial 

since COVID-19 and similar infections can lead 

to ongoing autonomic and neurocognitive 

issues.  Increasing the size of samples and task-

related tests may help scientists reveal how 

these mental health issues develop and lead to 

interventions. 
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