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Abstract
Background Syncope is a common condition that increases the risk of injury and reduces the quality of life. 
Abdominal pain as a precursor to vasovagal syncope (VVS) in adults is rarely reported and is often misdiagnosed. .

Methods We present three adult patients with VVS and presyncopal abdominal pain diagnosed by synchronous 
multimodal detection (transcranial Doppler [TCD] with head-up tilt [HUT]) and discuss the relevant literature.

Results Case 1: A 52-year-old man presented with recurrent decreased consciousness preceded by six months of 
abdominal pain. Physical examinations were unremarkable. Dynamic electrocardiography, echocardiography, head 
and neck computed tomography angiography, magnetic resonance imaging (MRI), and video electroencephalogram 
showed no abnormalities. Case 2: A 57-year-old woman presented with recurrent syncope for 30 + years, 
accompanied by abdominal pain. Physical examination, electroencephalography, and MRI showed no abnormalities. 
Echocardiography showed large right-to-left shunts. Case 3: A 30-year-old woman presented with recurrent syncope 
for 10 + years, with abdominal pain as a precursor. Physical examination, laboratory analysis, head computed 
tomography, electrocardiography, and echocardiography showed no abnormalities. Syncope secondary to abdominal 
pain was reproduced during HUT. Further, HUT revealed vasovagal syncope, and synchronous TCD showed decreased 
cerebral blood flow; the final diagnosis was VVS in all cases.

Conclusions Abdominal pain may be a precursor of VVS in adults, and our findings enrich the clinical phenotypic 
spectrum of VVS. Prompt recognition of syncopal precursors is important to prevent incidents and assist in treatment 
decision-making. Abdominal pain in VVS may be a sign of sympathetic overdrive. Synchronous multimodal detection 
can help in diagnosing VVS and understanding hemodynamic mechanisms.
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Background
Syncope is a common condition that general practitio-
ners, cardiologists, and neurologists evaluate. It is defined 
as a transient loss of consciousness caused by global cere-
bral hypoperfusion [1], characterized by rapid onset, 
short duration, and complete spontaneous recovery [2]. 
Vasovagal syncope (VVS), also known as neurally medi-
ated syncope, is diagnosed based on a history of a specific 
trigger, classical symptoms, and a positive tilt-table test. 
VVS is the most common form of syncope, accounting 
for 66% of cases [3]. Syncope causes consequential eco-
nomic burdens, significantly impacts the quality of life, 
and can result in accidental injury, particularly in older 
adults [4, 5]. Typical VVS can usually be diagnosed based 
on history and preliminary examination; however, atypi-
cal VVS can be more difficult to diagnose [6].

The lifetime prevalence of syncope is approximately 
42%, with an annual incidence of 6% [7]. Syncope occurs 
when cerebral blood flow (CBF) falls below a critical 
limit. The cerebral circulation has complex, finely tuned 
autoregulatory mechanisms to ensure that the blood sup-
ply to the brain can meet the high metabolic demands 
of the neuronal tissue [8]. Cerebral autoregulation (CA) 
mechanisms help defend the brain against hypoperfu-
sion when perfusion pressure falls during standing. VVS 
results from decreased CBF secondary to a decrease in 
heart rate and blood pressure (BP) that exceeds the CA 
function [9, 10].

Transcranial Doppler (TCD) provides real-time mea-
surements of CBF velocity, which can be useful in syn-
cope workup. Syncope typically occurs when patients are 
upright and can be preceded by presyncopal symptoms, 
including dizziness or light-headedness, nausea, weak-
ness, pallor, diaphoresis, and tachypnea [11]. Patients 
can experience a graying of vision or muffling of sounds 

before losing consciousness. Furthermore, rare signs of 
presyncope include oral automatisms [1]. Abdominal 
pain and nausea may occur before or during episodes in 
children with VVS [12]. Prodromes are more common in 
patients with early-onset syncope [13]; abdominal pain as 
the first symptom of syncope in adults is rarely reported. 
Nevertheless, we present three adult patients with VVS 
and abdominal pain as presyncope, diagnosed using the 
synchronous head-up tilt test (HUT) combined with 
TCD, and discuss relevant literature for improving the 
management of atypical VVS syncope.

Methods
We present the clinical and hemodynamic features of 
three adult patients with VVS and abdominal pain as pre-
syncopes, diagnosed by synchronous multimodal detec-
tion (HUT combined with TCD, Fig. 1), and discuss the 
relevant literature. The study was approved by the ethics 
review board of the First Affiliated Hospital of Shenzhen 
University (No. 202,304,133,010). It was performed per 
the ethical standards laid down in the 1964 Declaration 
of Helsinki and its later amendments or comparable ethi-
cal standards.

Diagnostic criteria for VVS
The diagnostic criteria for VVS are as follows [14–16]:

1. There was a transient loss of consciousness caused by 
insufficient cerebral blood supply.

2. The patient fell to the ground because of the loss 
of muscle tension during syncope and could not 
maintain a normal posture. Generally, the attack 
occurred suddenly and resolved rapidly.

3. Accompanied by associated symptoms like sweating, 
a sensation of warmth, nausea, and paleness, along 

Fig. 1 The trend-line of blood pressure and heart rate in the patient during head-up tilt test SNHUT sublingual nitroglycerin head-up tilt test
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with the distinctive low BP and slower than normal 
heart rate [15].

4. Occurs with an upright posture maintained for over 
30 s or due to exposure to emotional stress, pain, or 
medical environments.

5. A positive response to a HUT with a vasovagal 
reaction (hypotension and/or bradycardia) [16].

Patients with neurological disorders such as epilepsy, 
endocrine disorders like hypoglycemia, drug poisoning 
including overdose, alcohol intoxication, head injuries 
from trauma, and other factors leading to loss of con-
sciousness were not included.

Operation process of HUT [17]

1. Patients fasted for at least 4 h and were kept in a 
quiet test room with ambient light and temperature. 
Furthermore, they were placed in the supine position 
for at least 10 min, and baseline BP and heart rate 
were measured.

2. The patient remained upright (70° tilt) for 20 min 
and stopped at any time if syncope was induced.

3. When syncope did not occur during the classic tilt 
table test, the patient was administered sublingual 
0.25 mg nitroglycerin in an upright position for 
20 min or until syncope or presyncope occurred.

We used conventional intermittent BP measurements 
with an electronic blood pressure monitor, measuring 
BP once every minute, and utilized 12-lead electrocar-
diogram (ECG) monitoring to track heart rate and ECG 
changes. We used the HUT822-A upright tilting table 
(Juchi Medical Technology Co., Beijing, China).

Operation of synchronous CBF monitoring using TCD
CBF was monitored during HUT using an ems-9 TCD 
(Delikai Medical Equipment Co., Shenzhen, China) with 
a 1.6-MHz probe during HUT. Peak systolic and diastolic 
blood flow, with mean CBF velocities and vascular resis-
tance index of the middle cerebral artery, were recorded 
after the head frame was fixed.

Determination of a positive result of HUT [18]
A positive HUT test was defined as either:

1. Onset of syncope or presyncope during the baseline 
(in the upright position) or drug-induced test, 
systolic BP < 80 mmHg, diastolic BP < 50 mmHg, 
mean arterial pressure decreased by > 25%, or 
systolic BP dropped below 90 mmHg, accompanied 
by evident presyncope or syncope;

2. Electrocardiography showed sinus bradycardia 
(< 40 bpm), sinus arrest for over 3 s, or heart rate 

decreased by > 20%; transient ≥ second-degree 
atrioventricular block, junctional rhythm TCD 
showed decreased CBF, and electroencephalography 
showed slow waves;

3. During carotid sinus massage, cardiac arrest > 3 s, 
and systolic BP decreased by > 30 mmHg after 3 min 
in the upright position, systolic BP decreased by ≥ 20 
mmHg, and diastolic BP decreased by ≥ 10 mmHg.

Inclusion criteria
Patients with the following criteria were included: 
abdominal pain prior to suspected syncope, age 18–80 
years, simultaneous HUT and TCD could be completed, 
and ability to sign informed consent.

Exclusion criteria
Patients with any of the following criteria were excluded: 
severe intracranial or extracranial vascular stenosis, 
severe coronary artery stenosis, severe aortic or mitral 
valve stenosis, severe hypertrophic obstructive cardiomy-
opathy, severe anemia, severe arrhythmia, moderate to 
severe hypertension, or pregnancy.

Data collection
A standard approach was used to collect patient history 
(including chief complaint, history of present illness, 
past medical history, personal history, physical examina-
tion, main auxiliary examination results, diagnosis, and 
treatment).

The specific laboratory analysis methods are as fol-
lows: blood glucose (hexokinase method), total bilirubin 
(vanadate oxidation method), low-density lipoprotein 
cholesterol (direct method), C-reactive protein (immu-
noturbidimetric method), creatinine (creatinine oxi-
dase method), homocysteine (enzyme cycling method), 
electrolytes (ion-selective electrode method), D-dimer 
(immunoturbidimetric method), thyroid function 
(enzyme chemiluminescence method), red blood cell 
count (colorimetric method), syphilis antibodies (rapid 
plasma reagent test), and human immunodeficiency virus 
antibodies (enzyme-linked immunosorbent assay).

ECG examination procedure
First, the patient reclined on the examination table, 
exposing the chest and limbs. The electrodes were 
attached to the chest and limbs, and the patient was 
asked to remain still while the doctor recorded the ECG 
waveform. Cardiac electrical activity was assessed based 
on the waveform.

Chest X-ray examination procedure
The patient stood before the X-ray machine in a stan-
dard position. X-ray images from the front and back 
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were taken after the patient inhaled deeply and held their 
breath.

Carotid artery ultrasound examination procedure
An EPIQ 7 C Color Doppler Ultrasound (Philips Health-
care, Best, Netherlands) equipped with a 9-MHz probe 
was used. The patient lied in the supine position, expos-
ing their neck. The carotid artery was scanned using an 
ultrasound probe and the artery’s condition was assessed 
based on the images and blood flow signals.

Results
Three of the 60 patients with VVS were successfully 
recruited between January 2021 and January 2023, and 
the specific clinical and hemodynamic features of the 
selected individuals are as follows.

Case 1
A 52-year-old man presented with recurrent transient 
episodes of decreased consciousness for 6 months in 
December 2022. The patient experienced sudden con-
fusion with severe abdominal pain and profuse sweat-
ing while walking 6 months prior, which was relieved 
after 3–5  min. He experienced generalized abdominal 
pain (for approximately 5  min until losing conscious-
ness) again 28 days prior, accompanied by sweating, gen-
eral fatigue, and blurred vision for 3 min. Subsequently, 
he got up to use the toilet, followed by syncope without 
foaming at the mouth or convulsions, and conscious-
ness was regained 2 min later. The patient had a history 
of mild fatty liver, benign prostatic hyperplasia, and cho-
lecystic polyps; however, he had no history of infectious 
diseases, smoking, drinking alcohol, toxic exposure, or 
hereditary diseases.

Furthermore, a physical examination at admission 
revealed a pulse rate of 70  bpm, BP of 116/74 mmHg, 
and no abnormal neurological signs. The abdomen was 
flat and soft with normal bowel sounds, and no apparent 
masses.

Laboratory analysis revealed homocysteine, C-reactive 
protein, D-dimer, troponin, electrolytes, fasting glucose, 
and glycated hemoglobin levels were within normal 
ranges. In addition, red blood cell counts and liver, kid-
ney, and thyroid function measurements were normal, 
and tests for human immunodeficiency virus and syphilis 
antibodies were negative. Urine analysis showed a weakly 
positive urine occult blood test.

Chest computed tomography (CT) revealed scattered 
fibrous foci in both lungs with tiny lung nodules. Electro-
cardiography, carotid artery ultrasound, brain MRI, and 
a 15-h video-electroencephalogram monitoring showed 
no abnormalities. In addition, 24-h dynamic electrocar-
diography showed an incomplete right bundle branch 
block, occasional multi-source premature atrial beats, 

occasional premature ventricular beats, and ST-t changes 
with increased heart rate. Echocardiography revealed 
decreased left ventricular diastolic function. Moreover, 
24-h ambulatory BP monitoring revealed intermittent 
low BP. Head and neck CT angiography (CTA) revealed 
mild cerebral and carotid arteriosclerosis. Furthermore, 
HUT findings supported the diagnosis of VVS (Fig.  1), 
and synchronous TCD showed an obvious decrease in 
CBF during syncope (Fig.  2). Oxiracetam and Ginkgo 
biloba were administered to enhance brain cell metabo-
lism and brain circulation, respectively, for 6 days. No 
syncope or abdominal pain occurred after admission. 
A final diagnosis of VVS (Type 3) was made. No VVS 
recurrence was noted during the 8-month follow-up post 
discharge.

Case 2
A 57-year-old female was admitted to the hospital in 
June 2022 with recurrent episodes of unconsciousness 
for over 30 years. The patient had recurrent syncope with 
falls starting 30 years prior and was unconscious for a few 
seconds to a few minutes without limb convulsions or 
incontinence. Syncope occurred once every five years and 
occasionally during urination and defecation. A previous 
ECG revealed no abnormalities. Nevertheless, syncope 
recurred prior to admission, accompanied by general-
ized abdominal pain lasting approximately 3 min before 
losing consciousness, with no presence of diarrhea or 
chest tightness. She had no history of hereditary diseases, 
major trauma, smoking, drinking, or toxic exposure.

Physical examination on admission revealed BP of 
106/69 mmHg, a flat, soft abdomen with normoactive 
bowel sounds, no masses, and no abnormal neurological 
signs.

Laboratory analysis revealed the following: red 
blood cell count, 3.79 × 1012/L (reference range: 1.25–
3.5 × 1012/L); hemoglobin, 113.0  g/L (reference range: 
115–150  g/L); triglycerides, 3.35 mmol/L (reference 
range: <1.7 mmol/L); apolipoprotein E, 60.06 mg/L (ref-
erence range: 29.0–53.0  mg/L); and thyrotropin, 0.490 
µIU/mL (reference range: 0.55–4.78 µIU/mL). Red blood 
cell count and measures of liver, kidney, and coagulation 
functions were normal. Additionally, levels of serum elec-
trolytes, fasting blood sugar, glycosylated hemoglobin, 
D-dimer, and troponin I were within the normal range.

ECG revealed ST-segment changes. A 24-h ambu-
latory electrocardiogram showed sinus rhythm with 
occasional atrial premature beats or bradycardia, ST-
segment changes, and normal heart rate variability. 
Chest X-ray and ultrasound of the liver, gallbladder, 
pancreas, spleen, and uterine accessories were normal. 
Carotid artery ultrasound showed bilateral intima-media 
thickening with plaque formation. Head and carotid 
artery CTA revealed mild cerebral arteriosclerosis and 
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contrast-enhanced echocardiography detected large 
right-to-left shunts. Enhanced transesophageal echocar-
diography revealed no patent foramen ovale and a mod-
erate number of microvesicles were shunted from the 
right superior pulmonary vein into the left atrium. Pul-
monary artery CTA and 15-h video electroencephalog-
raphy showed no obvious abnormalities, and brain MRI 
showed mild leukoencephalopathy in the right frontal 
subcortex. HUT revealed VVS, and synchronous TCD 
showed an obvious decrease in CBF during syncope. 
Based on medical history and auxiliary examination find-
ings, the final diagnosis was VVS (Type 3). Thereafter, the 
patient experienced an improvement in cerebral circula-
tion, cholesterol reduction, and symptomatic treatment 
after admission and felt no further discomfort.

Case 3
A 30-year-old female presented with more than 10 years 
of recurrent syncope in February 2023. The first synco-
pal episode was painful, secondary to hitting her elbow 
in elementary school. The second episode occurred at 
the age of 18 when the patient experienced abdominal 
pain for 2–3  min and then syncope. Five years prior to 
presentation, the patient experienced another episode 

of syncope during a hospital visit. One week prior, the 
patient experienced severe lower abdominal pain while 
chatting and wanted to defecate, which lasted for approx-
imately 2  min, and was followed by syncope. One day 
prior, the patient experienced abdominal discomfort after 
standing for more than 20  min on the subway, which 
lasted for 1–2  min, followed by decreased conscious-
ness with fainting and sweaty palms, which gradually 
improved after 2–3  min. The patient was then immedi-
ately transferred to a local hospital. Consequently, head 
CT, ECG, routine blood tests, and biochemical analyses 
were conducted; however, no obvious abnormalities were 
observed. Therefore, the patient’s medical history was 
unremarkable.

Physical examination at admission showed no obvious 
neurological or abdominal abnormalities. Blood analysis 
showed that white blood cell count, platelet count, and 
neutrophil percentage were normal. The liver, kidney, 
and coagulation functions were also normal. In addition, 
fasting blood glucose, blood electrolytes, and pro-brain 
natriuretic peptide levels were within normal limits.

Electrocardiography, 24-h dynamic electrocardiogra-
phy, and echocardiography showed no obvious abnor-
malities. HUT showed VVS and synchronous TCD 

Fig. 2 Synchronous transcranial Doppler (TCD) displays real-time cerebral blood flow (CBF) at different stages a. Baseline CBF in the supine position at 
rest b. TCD in the upright position shows decreased CBF with a high-resistance waveform c. Mean CBF velocity during the drug trials continued to de-
crease, and the pulsatility index increased d. Mean CBF velocity, pulsatility index, and waveform quickly returned to baseline levels when the participant 
returned to the supine position e. CBF velocity trend-line of mean (red arrow), peak systole (green arrow) and end diastole (yellow arrow)
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showed an obvious decrease in CBF during syncope. 
Interestingly, presyncope (abdominal pain) was induced 
during HUT testing and was immediately relieved after 
lying flat. The final diagnosis was VVS (Type 3) based on 
the medical history and auxiliary examination findings.

The summarized clinical and hemodynamic character-
istics of all three cases are outlined below:

1. All three cases were diagnosed with VVS Type 3.
2. All three patients were adults with onset varying 

from 6 months to 30 years.
3. Primary symptoms comprised recurrent episodes of 

reduced consciousness or syncope.
4. Preceding the episodes, all patients encountered 

intense abdominal pain lasting 1–5 min.
5. Throughout the episodes, there were no limb 

convulsions or urinary incontinence.
6. The results of HUT in all three cases confirmed 

VVS, and simultaneous TCD indicated a significant 
decrease in CBF during syncope. Particularly in 
Case 3, when abdominal pain recurred during HUT, 
TCD displayed a noteworthy decrease in intracranial 
blood flow velocity.

Discussion
Adult VVS with abdominal pain as a precursor is rarely 
reported and easily misdiagnosed as abdominal epilepsy 
or acute abdomen. Timely diagnosis of VVS, with abdom-
inal pain as a precursor, is crucial for decision-making. 
Moreover, abdominal pain in VVS may indicate sym-
pathetic overdrive or cerebral circulatory insufficiency 
stimulating the visceral sensory system. HUT combined 
with TCD (Fig. 3) not only has advantages in diagnosing 
VVS but can also reveal real-time cardiocerebral hemo-
dynamic changes and aid in understanding the pathogen-
esis of syncope and presyncope.

Clinical characteristics of abdominal syncope
Three patients had atypical VVS with celialgia as a pre-
cursor, and abdominal pain was relieved after the syncope 
attack; celialgia could not be explained by gastrointesti-
nal diseases, and this kind of VVS is called “abdominal 
syncope.” The core manifestations of abdominal syncope 
are sudden mild-to-severe abdominal pain lasting for 
several minutes, followed by syncope with or without 
other presyncope symptoms. There are some reports 
of celialgia during presyncope in children but rarely in 
adults. For instance, 33 (35.5%) children with VVS had 

Fig. 3 Operation of synchronous head-up tilt (HUT) test combined with transcranial Doppler (TCD) sonography
 The participants wore the head frame of the TCD and lay flat on an upright tilting bed. Changes in blood pressure, heart rate, and respiration in different 
positions and drug trials were observed on the HUT screen (yellow arrow), and the TCD screen shows synchronous cerebral blood flow status and a trend 
line (red arrow)

 



Page 7 of 9Wang et al. BMC Neurology          (2024) 24:118 

gastrointestinal discomfort (celialgia, nausea, and vomit-
ing accounting for 16.1%, 21.5%, and 12.9%, respectively) 
before the syncope attack, and 27 (40.9%) had gastro-
intestinal manifestations (celialgia accounted for 9.1%) 
during HUT [12]. Our findings suggest that abdominal 
pain is not as rare as previously thought as a presyncope 
symptom in adults; however, it is a non-specific symp-
tom that clinicians do not assess or is misjudged as other 
diseases. During multimodal detection, we reproduced 
abdominal pain as a symptom of presyncope, which had a 
close temporal correlation with CBF changes. Therefore, 
we concluded that abdominal pain is a precursor of VVS. 
The onset of abdominal pain is of short duration, usu-
ally alleviated with the return of consciousness, and can 
be accompanied by cold sweating, facial pallor, and other 
symptoms of sympathetic excitation.

Pathophysiological mechanism of abdominal syncope
Syncope is a common manifestation of several disor-
ders with diverse mechanisms. Patients with VVS pres-
ent with autonomic nervous system dysfunction during 
HUT. Studies on heart rate variability in children con-
firmed the dysregulation of the autonomic nervous sys-
tem in children with VVS [19]. Functional abdominal 
pain is associated with generalized autonomic nervous 
system dysfunction [20]. The known function of the sym-
pathetic nervous system as the motility “brake” suggests 
that pain could manifest unmodulated peristalsis, result-
ing in abdominal cramps [20]. During a syncopal episode, 
hypotension causes sympathetic excitation and second-
ary spasmodic contraction of systemic blood vessels (e.g., 
veins of viscera, skin) to increase returned blood volume 
to the heart. Specifically, skin vasoconstriction manifests 
as pallor and cold sweating, and gastrointestinal contrac-
tions manifest as abdominal pain. Functional abdominal 
pain has been linked to autonomic dysfunction [21, 22]. 
CA refers to the intracranial arterioles that act through 
contraction or diastole to maintain relatively stable CBF 
during systemic BP changes. Several paradigms to study 
dynamic CA have been developed by measuring CBF 
velocity with TCD in response to BP changes [23]. The 
autonomic nervous system mediates the contraction and 
relaxation of cerebral arterioles; therefore, CA is related 
to autonomic nervous function. Furthermore, the onset 
of VVS is caused by cerebral hypoperfusion secondary 
to dysregulation of the CA. Our patients, diagnosed with 
abdominal pain accompanied by decreased CBF during 
multimodal testing, were subsequently relieved when the 
CBF returned to normal. Another proposed mechanism 
is that decreased CBF may affect the blood supply to the 
visceral sensory systems in the brain, stimulating abdom-
inal discomfort.

Diagnosis and differential diagnosis of abdominal syncope
Syncope is differentiated from various causes of altered 
consciousness, such as seizures, metabolic disturbances, 
and psychiatric events. In VVS, amnesia due to loss of 
consciousness is common and can often lead to misdi-
agnosis [6]. Abdominal pain of unknown origin is rarely 
considered to be associated with syncope. Syncope 
preceded by abdominal pain is easily misdiagnosed as 
abdominal epilepsy [24], acute abdomen (such as renal 
artery aneurysm rupture) [25], nutcracker syndrome 
[26], and other conditions. In Cases 1 and 2, we took a 
thorough history and review of systems in these patients 
to rule out gastrointestinal, renal, gynecological, or other 
intra-abdominal issues that could potentially contribute. 
Gastrointestinal symptoms such as abdominal pain have 
significant implications in diagnosing VVS in children 
[27]; however, the warning role of abdominal pain in VVS 
is not yet emphasized in adults.

With severe cerebral hypoperfusion, brief convul-
sions of the limbs may be observed. A previous study 
has shown that 5.75% of patients with VVS may be mis-
diagnosed as having epilepsy because myoclonic jerky 
movements are observed during syncope [28]. HUT, a 
recognized stimulus to VVS [29], has significant clinical 
value in the differential diagnosis of VVS [30]. Further-
more, the primary and immediate cause of syncope is 
cerebral hypoperfusion. Thus, we used HUT combined 
with TCD to reproduce syncope episodes and observed 
changes in cardiocerebral hemodynamics and corre-
sponding symptoms, indicating that this multimodal 
test has important value in the diagnosis and differential 
diagnosis of VVS.

The value of HUT combined with TCD for the diagnosis of 
VVS
The HUT is a standard method for evaluating unex-
plained syncope. Standing causes a gravitational shift of 
blood into the venous capacitance system of the legs and 
pelvis, and prolonged standing causes fluid movement 
into interstitial spaces and a lack of muscular pumping, 
both resulting in reduced venous return. In healthy indi-
viduals, compensatory mechanisms cause an increase in 
vascular resistance and heart rate to help maintain ade-
quate cerebral perfusion [11]. Furthermore, the HUT can 
provide similar but more controlled orthostatic stress to 
evaluate susceptibility to vasovagal reactions. The HUT 
can only detect changes in respiration, heart rate, and BP; 
however, HUT combined with TCD can monitor real-
time changes in CBF to remedy the deficiency in content 
and timeliness during HUT alone. Therefore, we believe 
that multimodal examination is a superior method of 
diagnosing VVS. Our experience with multimodal tests 
has shown that changes in CBF velocity and the index 
of vascular resistance often precede changes in BP; thus, 
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operators can predict syncope attacks in advance to facil-
itate the adoption of safety measures.

Treatment
The treatment of VVS with abdominal pain requires 
a comprehensive approach that considers both non-
pharmacological and pharmacological interventions. 
Non-pharmacological treatments such as physical coun-
terpressure maneuvers have been shown to be effec-
tive and cost-efficient in managing VVS, especially in 
patients with recognizable prodromal symptoms [31]. 
Additionally, the use of progressively prolonged periods 
of enforced upright posture, known as “tilt training,” may 
reduce syncope recurrence in highly motivated patients 
with recurrent vasovagal symptoms [32]. Other therapies 
for VVS include increased salt and water intake and vari-
ous drug treatments (such as atenolol [33] and midodrine 
[34]). Furthermore, the effectiveness of β-blockers in pre-
venting VVS has been found to be age-dependent, with 
potential effectiveness in older patients [35]. However, 
most drugs are still under investigation [36].

Limitations
It is important to note that drawing definitive conclu-
sions based on a small group of three patients may not be 
statistically robust or generalizable to a larger population. 
While our study has provided insights into the clinical 
characteristics and potential mechanisms of abdominal 
pain associated with VVS, further research involving 
larger sample sizes is necessary to validate these findings 
and establish more conclusive evidence. Additionally, we 
did not utilize beat-to-beat BP monitoring, which is a 
technical limitation, but we are confident that this does 
not impact the overall findings.

Conclusion
Timely identification and accurate diagnosis of VVS-
related abdominal pain remain crucial for effective 
treatment decisions and avoiding misdiagnosis. The 
hypothesis that VVS-related abdominal pain may be 
linked to sympathetic excitation or inadequate CBF 
stimulation of visceral sensory neurons warrants further 
investigation through comprehensive multicenter stud-
ies with larger cohorts. The combination of HUT testing 
with TCD for diagnosing VVS is promising.

Abbreviations
CA  cerebral autoregulation
CBF  cerebral blood flow
CT  computed tomography
CTA  computed tomography angiography
HUT  head-up tilt
MRI  magnetic resonance imaging
TCD  transcranial Doppler
VVS  vasovagal syncope

Acknowledgements
We would like to thank for the support of the “Double-First Class” Application 
Characteristic Discipline of Hunan Province (Pharmaceutical Science).

Author contributions
Conceptualization and methodology: LC; Formal analysis and investigation: 
LC and HJ; Writing - original draft preparation: JW, HL, XH, HH, BL, DZ, and JW; 
Writing - review and editing: LC and XH; Funding acquisition: JW, LC and HH; 
Supervision: LC. JW, HL, XH, and HH contributed equally to this work and share 
the first authorship. All authors have read and approved the final manuscript.

Funding
This study was supported by the Shenzhen program for integration 
prevention and cure of nervous system disease, Shenzhen Second People’s 
Hospital Clinical Research Fund of Shenzhen High-level Hospital Construction 
Projects (No. 20223357021, No. 20243357001 and No. 2023yjlcyj032), Project 
of Teaching Reform in Shenzhen Second People’s Hospital (No. 202209), 
Project of Teaching Reform in School of Medicine of Shenzhen University 
(No. XBJG202205), and Research Project of Zhuhai Hospital of Integrated 
Chinese and Western Medicine (No. 202307). The funders provided the article 
processing charge for this study but did not contribute to the study in any 
other way.

Data availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study was approved by the ethics review board of the First Affiliated 
Hospital of Shenzhen University (No. 202304133010). It was performed per the 
ethical standards laid down in the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. All enrolled participants signed 
an informed consent form after receiving a full explanation of the study.

Consent for publication
Informed written consent was obtained from the patients for publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1Faculty of Chinese Medicine, Macau University of Science and 
Technology, Macau, China
2Department of Neurology, Zhuhai Hospital of Integrated Traditional 
Chinese and Western Medicine, Zhuhai, China
3Affiliated Hospital of the Faculty of Chinese Medicine, Macao University 
of Science and Technology, Macau, China
4Department of Gastroenterology, Shenzhen baoan Shiyan People’s 
Hospital, Shenzhen, China
5Department of Neurology, The First Affiliated Hospital of Shenzhen 
University, Shenzhen, China
6Shantou University Medical College, Shantou University, Shantou, China
7Clinical Medical College of Shenzhen Second People’s Hospital, Anhui 
Medical University, Hefei, China
8The First School of Clinical Medicine, Guangdong Medical University, 
Zhanjiang, China
9Clinical Medical College of Shenzhen Second People’s Hospital, Guangxi 
University of Chinese Medicine, Nanning, China
10Hunan Provincial Key Laboratory of the Research and Development 
of Novel Pharmaceutical Preparations, Changsha Medical University, 
Changsha, China

Received: 17 July 2023 / Accepted: 4 April 2024



Page 9 of 9Wang et al. BMC Neurology          (2024) 24:118 

References
1. van Dijk JG, Thijs RD, van Zwet E, Tannemaat MR, van Niekerk J, Benditt DG, et 

al. The semiology of tilt-induced reflex syncope in relation to electroencepha-
lographic changes. Brain. 2014;137(2):576–85. https://doi.org/10.1093/brain/
awt332.

2. Brignole M, Moya A, de Lange FJ, Deharo JC, Elliott PM, Fanciulli A, et al. 2018 
ESC guidelines for the diagnosis and management of syncope. Eur Heart J. 
2018;39(21):1883–948. https://doi.org/10.1093/eurheartj/ehy037.

3. Brignole M, Menozzi C, Bartoletti A, Giada F, Lagi A, Ungar A, et al. A new 
management of syncope: prospective systematic guideline-based evaluation 
of patients referred urgently to general hospitals. Eur Heart J. 2006;27(1):76–
82. https://doi.org/10.1093/eurheartj/ehi647.

4. Writing Committee Members, Shen WK, Sheldon RS, Benditt DG, Cohen 
MI, Forman DE, et al. 2017 ACC/AHA/HRS guideline for the evaluation and 
management of patients with syncope: a report of the American College of 
Cardiology/American Heart Association Task Force on Clinical Practice guide-
lines and the Heart Rhythm Society. Heart Rhythm. 2017;14(8):e155–217. 
https://doi.org/10.1016/j.hrthm.2017.03.004.

5. van Dijk JG, Sheldon R. Is there any point to vasovagal syncope? Clin Auton 
Res. 2008;18(4):167–9. https://doi.org/10.1007/s10286-008-0484-x.

6. Kenny RA, McNicholas T. The management of vasovagal syncope. Q J M. 
2016;109(12):767–73. https://doi.org/10.1093/qjmed/hcw089.

7. Task Force for the Diagnosis and Management of Syncope, European Society 
of Cardiology (ESC), European Heart Rhythm Association (EHRA), Heart Failure 
Association (HFA); Heart Rhythm Society (HRS);. Guidelines for the diagnosis 
and management of syncope (version 2009). Eur Heart J. 2009;30(21):2631–
71. https://doi.org/10.1093/eurheartj/ehp298.

8. Norcliffe-Kaufmann L, Galindo-Mendez B, Garcia-Guarniz AL, Villarreal-Vitorica 
E, Novak V. Transcranial doppler in autonomic testing: standards and clinical 
applications. Clin Auton Res. 2018;28(2):187–202. https://doi.org/10.1007/
s10286-017-0454-2.

9. Kaufmann H, Norcliffe-Kaufmann L, Palma JA. Baroreflex dysfunction. N Engl J 
Med. 2020;382(2):163–78. https://doi.org/10.1056/NEJMra1509723.

10. Carey BJ, Manktelow BN, Panerai RB, Potter JF. Cerebral autoregulatory 
responses to head-up tilt in normal subjects and patients with recurrent 
vasovagal syncope. Circulation. 2001;104(8):898–902. https://doi.org/10.1161/
hc3301.094908.

11. Kleyman I, Weimer LH. Syncope: case studies. Neurol Clin. 2016;34(3):525–45. 
https://doi.org/10.1016/j.ncl.2016.04.002.

12. Yan H, Zhang C, Du J, Jin H. Clinical significance of abdominal pain and other 
gastrointestinal manifestations in children with autonomic nervous-medi-
ated syncope. Chin J Practical Pediatr. 2013;28(1):43–7. [Chinese].

13. Torabi P, Rivasi G, Hamrefors V, Ungar A, Sutton R, Brignole M, et al. Early and 
late-onset syncope: insight into mechanisms. Eur Heart J. 2022;43(22):2116–
23. https://doi.org/10.1093/eurheartj/ehac017.

14. Liu S. Interpretation of the 2017 guidelines on management of syncope in 
the United States. Zhejiang Med J. 2017;39(07):499–500. [Chinese].

15. Sanatani S, Chau V, Fournier A, Dixon A, Blondin R, Sheldon R. Canadian 
cardiovascular society and Canadian pediatric cardiology association position 
statement on the approach to syncope in the pediatric patient. Can J Cardiol. 
2017;33(2):189–98. https://doi.org/10.1016/j.cjca.2016.09.006.

16. Zavala R, Metais B, Tuckfield L, DelVecchio M, Aronoff S. Pediatric syncope: 
a systematic review. Pediatr Emerg Care. 2020;36(9):442–5. https://doi.
org/10.1097/PEC.0000000000002149.

17. Expert group on upright tilt test of the Chinese Heart Association. Recom-
mendations from Chinese experts on standard operating procedures 
for upright-tilt test. Chin Circulation J. 2016;31(8):807–8. https://doi.
org/10.3969/j.issn.1000-3614.2016.08.019.

18. The Task Force for Head-up Tilt Test Practice of Syncope Branch of Chinese 
Association of Geriatric Research, Heart Rhythm Branch of Chinese Society 
of Biomedical Engineering, Cardiovascular Diseases Branch of China Associa-
tion of Gerontology and Geriatrics. Chinese expert consensus on standard 

application of head-up tilt test. Chin Circulation J. 2022;37(10):991–1001. 
https://doi.org/10.3969/j.issn.1000-3614.2022.10.003. [Chinese].

19. Li C, Jian-Jun C, Chao-Shu T. A study of heart rate variability in children 
with neurally mediated syncope. Chin J Practical Pediatr. 2012;25(2):136–8. 
[Chinese].

20. Chelimsky G, Boyle JT, Tusing L, Chelimsky TC. Autonomic abnormali-
ties in children with functional abdominal pain: coincidence or eti-
ology? J Pediatr Gastroenterol Nutr. 2001;33(1):47–53. https://doi.
org/10.1097/00005176-200107000-00008.

21. Chelimsky G, Chelimsky T. Familial association of autonomic and gastrointes-
tinal symptoms. Clin Auton Res. 2001;11(6):383–6.

22. Chelimsky G, Hupertz VF, Chelimsky TC. Abdominal pain as the present-
ing symptom of autonomic dysfunction in a child. Clin Pediatr (Phila). 
1999;38(12):725–9.

23. Diehl RR. Cerebral autoregulation studies in clinical practice. Eur J Ultrasound. 
2002;16(1):31–6.

24. Yunus Y, Sefer U, Dondu UU, Ismail O, Yusuf E. Abdominal epilepsy 
as an unusual cause of abdominal pain: a case report. Afr Health Sci. 
2016;16(3):877–9. https://doi.org/10.4314/ahs.v16i3.32.

25. Fraser GE, Poncia H. Spontaneous renal artery aneurysm rupture: an unusual 
cause of abdominal pain and syncope. Emerg Med J. 2009;26(8):619–20. 
https://doi.org/10.1136/emj.2008.068338.

26. Daily R, Matteo J, Loper T, Northup M. Nutcracker syndrome: symptoms of 
syncope and hypotension improved following endovascular stenting. Vascu-
lar. 2012;20(6):337–41. https://doi.org/10.1258/vasc.2011.cr0320.

27. Wang AP, Zheng J, Wang C, Cai H, Mao DA, Lin P, et al. Vasovagal syncope 
or postural orthostatic tachycardia syndrome in children with neurological 
symptoms at disease onset: a clinical analysis of 88 case. Zhongguo Dang 
Dai Er Ke Za Zhi. 2020;22(5):488–93. https://doi.org/10.7499/j.issn.1008-
8830.1911080. [Chinese].

28. Song PS, Kim JS, Park J, Yim HR, Huh J, Kim JH, et al. Seizure-like activities dur-
ing head-up tilt test-induced syncope. Yonsei Med J. 2010;51(1):77–81.

29. Kenny RA, Ingram A, Bayliss J, Sutton R. Head-up tilt: a useful test for inves-
tigating unexplained syncope. Lancet. 1986;1(8494):1352–5. https://doi.
org/10.1016/s0140-6736(86)91665-x.

30. Cheshire WP Jr, Goldstein DS. Autonomic uprising: the tilt table test in auto-
nomic medicine. Clin Auton Res. 2019;29(2):215–30. https://doi.org/10.1007/
s10286-019-00598-9.

31. Dijk N, Quartieri F, Blanc J, García-Civera R, Brignole M, Moya À, et al. Effec-
tiveness of physical counterpressure maneuvers in preventing vasovagal 
syncope: the physical counterpressure Manoeuvres Trial (PC-Trial). J Am Coll 
Cardiol. 2006;48(8):1652–7. https://doi.org/10.1016/j.jacc.2006.06.059.

32. Goss G, Salim T, Huish J, Ellis G. Can you smell too good at work? Br J Cardiol. 
2020;27(1):08. https://doi.org/10.5837/bjc.2020.008.

33. Renjel RA, Steele RW, Young TW, Kashimawo L. Recurrent syncope. Clin Pedi-
atr (Phila). 2014;53(12):1212–4. https://doi.org/10.1177/0009922814540044.

34. Bagrul D, Ece İ, Yilmaz A, Atik F, Kavurt A. Midodrine treatment in children 
with recurrent vasovagal syncope. Cardiol Young. 2021;31(5):817–21. https://
doi.org/10.1017/s1047951120004746.

35. Sheldon R, Morillo C, Klingenheben T, Krahn A, Sheldon A, Rose M. 
Age-dependent effect of β-blockers in preventing vasovagal syncope. 
Circ Arrhythm Electrophysiol. 2012;5(5):920–6. https://doi.org/10.1161/
circep.112.974386.

36. Medow MS, Stewart JM, Sanyal S, Mumtaz A, Sica D, Frishman WH. Patho-
physiology, diagnosis, and treatment of orthostatic hypotension and vasova-
gal syncope. Cardiol Rev. 2008;16(1):4–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1093/brain/awt332
https://doi.org/10.1093/brain/awt332
https://doi.org/10.1093/eurheartj/ehy037
https://doi.org/10.1093/eurheartj/ehi647
https://doi.org/10.1016/j.hrthm.2017.03.004
https://doi.org/10.1007/s10286-008-0484-x
https://doi.org/10.1093/qjmed/hcw089
https://doi.org/10.1093/eurheartj/ehp298
https://doi.org/10.1007/s10286-017-0454-2
https://doi.org/10.1007/s10286-017-0454-2
https://doi.org/10.1056/NEJMra1509723
https://doi.org/10.1161/hc3301.094908
https://doi.org/10.1161/hc3301.094908
https://doi.org/10.1016/j.ncl.2016.04.002
https://doi.org/10.1093/eurheartj/ehac017
https://doi.org/10.1016/j.cjca.2016.09.006
https://doi.org/10.1097/PEC.0000000000002149
https://doi.org/10.1097/PEC.0000000000002149
https://doi.org/10.3969/j.issn.1000-3614.2016.08.019
https://doi.org/10.3969/j.issn.1000-3614.2016.08.019
https://doi.org/10.3969/j.issn.1000-3614.2022.10.003
https://doi.org/10.1097/00005176-200107000-00008
https://doi.org/10.1097/00005176-200107000-00008
https://doi.org/10.4314/ahs.v16i3.32
https://doi.org/10.1136/emj.2008.068338
https://doi.org/10.1258/vasc.2011.cr0320
https://doi.org/10.7499/j.issn.1008-8830.1911080
https://doi.org/10.7499/j.issn.1008-8830.1911080
https://doi.org/10.1016/s0140-6736(86)91665-x
https://doi.org/10.1016/s0140-6736(86)91665-x
https://doi.org/10.1007/s10286-019-00598-9
https://doi.org/10.1007/s10286-019-00598-9
https://doi.org/10.1016/j.jacc.2006.06.059
https://doi.org/10.5837/bjc.2020.008
https://doi.org/10.1177/0009922814540044
https://doi.org/10.1017/s1047951120004746
https://doi.org/10.1017/s1047951120004746
https://doi.org/10.1161/circep.112.974386
https://doi.org/10.1161/circep.112.974386

	Adult vasovagal syncope with abdominal pain diagnosed by head-up tilt combined with transcranial doppler: a preliminary study
	Abstract
	Background
	Methods
	Diagnostic criteria for VVS
	Operation process of HUT [17]
	Operation of synchronous CBF monitoring using TCD
	Determination of a positive result of HUT [18]
	Inclusion criteria
	Exclusion criteria
	Data collection
	ECG examination procedure
	Chest X-ray examination procedure
	Carotid artery ultrasound examination procedure


	Results
	Case 1
	Case 2
	Case 3

	Discussion
	Clinical characteristics of abdominal syncope
	Pathophysiological mechanism of abdominal syncope
	Diagnosis and differential diagnosis of abdominal syncope
	The value of HUT combined with TCD for the diagnosis of VVS
	Treatment
	Limitations

	Conclusion
	References


