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  ABSTRACT

Objective: The mechanism of Vasovagal Syncope (VVs) is transient cerebral insuffi cient blood fl ow. It results in short unconsciousness 
and failed to maintain body posture. Once the cerebral blood fl ow decrease, the cerebral wave becomes slow. To exploring the effects of 
Heart Rate (HR) and Blood Pressure (BP) at syncope, we recorded the cerebral wave using Ambulatory Electroencephalogram (AEEG) 
in children during the Head-Up Tilt Test (HUTT). 

Methods: Total 152 children from the pediatric department of Shengjing Hospital, China Medical University were enrolled between 
January 2008 and March 2016. Serum biomarker tests, Electroencephalogram (EEG), Transcranial Doppler (TCD) and head Magnetic 
Resonance Angiography (MRA) or head Computed Tomography (CT) was examined. HUTT was performed concomitantly with AEEG. 
The endpoint was undergoing the HUTT for 45 minutes or the occurrence of syncope/pre-syncope. Sublingual nitroglycerin provocative 
test (4-6 μg/kg, max 300 μg) (SNHUTT) was followed HUTT for 20 minutes or the occurrence of syncope/pre-syncope. 

Results: AEEG was performed in 107 patients. Ninety one AEEG was synchronous with HUTT, while 16 AEEG performed before 
HUTT. Abnormal AEEG was found in 10 patients HUTT/SNHUTT positive in 9 patients. Among them four with symmetrical high amplitude 
slow wave were found in bilateral cerebral hemispheres at the moment of syncope/pre-syncope occurred during HUTT (3 vasodepressor 
and one mixed depressor) and disappeared as soon as they prostration. Four with unsymmetrical spike waves at sleeping and one with 
sleep disorder at no-syncope period. The other one was HUTT negative but with slow waves at all day. Eighty four patients were positive 
in HUTT/SNHUTT, while 18 were negative despite undergoing HUTT and SNHUTT. Vice Sinusitis was accidentally found on MRA in 10 
patients. Four with vasodepressor, two mixed depressor, One Postural Tachycardia Syndrome (POTS), one undefi ned and two negative. 

Conclusions:  Hypotension may play a more important role than HR in cerebral hemodynamic when VVs occurred during HUTT. 
Sinusitis may induce VVs. AEEG is an important method to distinguish the syncope with unconsciousness or convulsion during HUTT.
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INTRODUCTION 

Syncope is a common disease. Th e most frequent cause of 

recurrent syncope is Vaso-Vagal Syncope (VVs) [1]. In order to 

give an exact diagnosis, the serum biomarkers, 12-lead EKG, AECG, 

PDE, EEG, AEEG, TCD, head MRA or CT need to performed to 

except hypoglycemia, cardiac syncope, central nerve systom disease. 

It was well know that HUTT is the gold standard to diagnose VVs 

[2]. Nearly 80 percent syncope children were diagnosed by HUTT. 

Th e mechanism of Vasovagal Syncope (VVs) is transient cerebral 

insuffi  cient blood fl ow. It results in short unconsciousness and failed 

to maintain body posture. Once the cerebral blood fl ow decrease, the 

cerebral wave becomes slow. Th e aim of this study was to investigate 

eff ects of Heart Rate (HR) and Blood Pressure (BP) at syncope. 

MATERIALS AND METHODS 

A total of 152 patients with syncope/pre syncope history were 

consecutively enrolled from the pediatric department of Shengjing 

Hospital, China Medical University, between January 2008 and 

March 2016. Exclusion criteria: cardiomyopathy, myocarditis, serious 

congenital heart disease, complex arrhythmia and cerebrovascular 

malformation.  Th ey underwent blood biomarkers test, included 

serum Hemoglobin (Hb), blood sugar, Creatine Kinase (CK), 

Creatine Kinase MB (CKMB), Creatine Kinase MB Mass (CKMB 

mass), Cardiac Troponin I (cTnI) and Highly Sensitive Cardiac 

Troponin T (hs-cTnT), ECG, AECG, PDE, EEG, TCD, head MRA 

or CT. HUTT or HUTT/SNHUTT were performed and synchronous 

recording AEEG.

HUTT Protocol and Endpoint

 Each patient fasted for 8 hours, and 100 ml normal saline 

was prepared to inject intravenously in the left  hand. AEEG was 

connected, a 12 lead ECG was placed, and the head-up tilt bed rising 

to 60-70 degrees. HR monitor for whole HUTT by Defi brillator. BP 

(right arm) and ECG lead II were recorded every minute for the fi rst 

three minutes and then every fi ve minutes for 45 minutes or syncope/

pre-syncope occurred. If they agreement, the negative patients will 

continue to SNHUTT for another 20 minutes or syncope/pre–

syncope occurred, while BP monitor and ECG lead II tracing every 

minute.

The criteria for syncope

 Orthostatic Hypotension (OH): HR change less 10 bpm, SBP≤80 

mmHg or DBP ≤ 50mmHg with syncope/pre-syncope performed 

within three minutes of HUTT. POTS: HR increase ≥ 40 bpm or over 

130 bpm with syncope /pre-syncope within10 minutes of HUTT, 

at mean while SBP decrease less 20 mmHg and DBP decrease less 

10 mmHg. Th ree subtype VVs were cardio depressor: HR < 75bpm 

in 4-6 years old, HR < 65bpm in 7-8 years old, HR < 60bpm over 

8 years old; SBP without signifi cant change; Vasodepressor: HR 

without signifi cant changed, SBP≤80 mmHg or DBP ≤ 50mmHg with 

syncope or pre-syncope; Mixed depressor: both HR and BP decrease.

INSTRUMENTS AND EQUIPMENTS

ECG: NIHON KOHDEN 91309, Japan. ECG monitoring: 

LIFEPAK 20 Defi brillator, Physio-Control, US Monitor: PM-7000, 

Shenzhen Mairui Biological Medical Electronic co., LTD, China. 

AECG: TLC3000B, Qinhuangdao Conde Medical Systems co., LTD, 

China. TCD: DWL, Germany. EEG: Medelec, England. AEEG: 

32 leads Voyageur, Nicolet, US. CT: Toshiba 64 spiral CT, Japan. 

MRA: imaging of nuclear magnetic resonance (NMR) and artery 

angiography, Intera Achieva 3.0T, PHILIPS Netherlands. Bed of 

HUTT: Beijing Juchi Pharmaceutical Co., LTD, China. 

STATISTICS ANALYSIS

Categorical data was shown with means ± standard deviation. 

Th e comparison of means was performed with t test. Th e rate was 

compared using the χ2 test. Data analysis was conducted with SSPS11.5 

soft ware and P < 0.05 was considered to be a signifi cant diff erence.

RESULTS 

General information in children with syncope 

Table 1 was the summary of general information in children with 

syncope. Hb in female is lower than male, P<0.05.
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Clinic examination results in syncope children 

Table 2 showed the examination results in syncope children. In 

one boy with left  ventricle hypertrophy on ECG but normal anatomy 

and systolic function of the left  ventricle on PDE, BP and AECG before 

HUTT, the heart rhythm changed from sinus to atrio-ventricular 

node when pre-syncope occurred during HUTT. His lowest HR was 

39 bpm and resolved once he lay on his back. Two children with sinus 

bradycardia on AECG, one with mixed depressor and the other one 

with uncertain in HUTT. A male with paroxysmal sinus tachycardia 

on AECG had vasodepressor in HUTT. 

Total of nine patients HUTT positive with abnormal AEEG: 4 

with slow waves on AEEG at the moment of syncope or pre-syncope 

occurred during HUTT, which 3 showed 2-3 Hz high-voltage slow 

waves and one showed 5-7 Hz, 4 with spikes and discharge wave 

on AEEG at sleeping and one had sleep disturbance waves. But all 5 

were without a corresponding clinic events during HUTT. One case 

HUTT was negative but with 2-3 Hz slow wave on EEG and AEEG. 

His MR suggests encephalitis with the bilateral temporal parietal lobe 

increased T2W1 signal.

In TCD, 11 patients had rapid cerebral blood fl ow but normal 

EEG and AEEG. All 16 patients head CT were normal. Of 111 

children underwent head MRA, 25 had abnormal results: 10 with 

paranasal sinusitis (4 vaso-depressor, 2 mixed-depressor, one POTS, 

one uncertain and 2 negative on HUTT). 5 cerebral vassal stenosis 

(3 vertebral artery, 2 arteriae cerebri anterior); 5 with arachnoid cyst 

of left  temporal pole; 3 with outside the brain rests slightly widened, 

one with cyst of pellucid septal cave; one with increased T2W1 

signal in bilateral parietal temporal lobe. A vaso depressor girl with 

transient face and limb convulsions, her AEEG showed transient high 

amplitude discharges of bilateral cerebral hemispheres with high 2-3 

Hz slow waves (Figure 1); A boy with frequent syncope but normal 

AEEG during faint when HUTT, while epileptic waves was recorded 

during sleep on AEEG. Th is wave has no diagnostic value but would 

be useful on follow-up (Figure 2). Another girl had multiple episodes 

of syncope without twitch occurred. Two weeks ago she took video 

EEG in local hospital and found epileptic waves during sleeping 

(Figure 3). Her parents didn’t agree to undergo AEEG during HUTT. 

Followed HR and BP goes down, she had a faint and transient facial 

convulsion lasting 3-4 seconds and resolved aft er laying down on her 

back without accompanying urinary incontinence. MRA usually be 

use to fi nd congenital malformation of cerebral artery. A POTS girl, 

with Kawasaki disease fi ve years ago, was found left  vertebral artery 

stenosis (near closure) in MRA but normal AEEG during syncope 

occurred, it suggests that her syncope was no relation to her structural 

change.

HUTT results 

Table 3 was the summary of HUTT results. Forty seven of 152 

HUTT positive and 37/55 HUTT negative children were positive aft er 

SNHUTT. Th e males were elder than females, showed signifi cant 

diff erence, P < 0.05.

A patient in this study was hospitalized two times for syncope 

recurrent, initial testing showed POTS and half year later his HUTT 

showed VVs vasodepressor type. Aft er talking with his father we 

learn that his parents had divorced, he lived with his father and a 

stepbrother. He possibly felt that he was treated coldly. He frequent 

fainted aft er his father remarried. Aft er he consulted a psychologist 

his syncope was never happened again. 

Table 4 and fi gure 4-7 showed the comparison between diff erent 

types of syncope with HUTT. 

A boy with pseudo-syncope, his syncope occurred with normal 

HR and BP during HUTT. 

DISCUSSION

It has been reported that over half syncope patients of teenage were 

benign [3]. According to an investigation in Beijing and Hunan and 

Hubei provinces, VVs was the most common type among children 

[4]. Th is study showed similar results. At the beginning of HUTT, 13 

children with syncope or pre-syncope aft er three minutes had SBP 

increased over 20 mmHg and/or MAP elevated over 10 mmHg. It 

was unclear they should belong to which types and we named them 

as ‘undefi ned ’. Someone with syncope/pre-syncope with HR over 

130 bpm or HR increased over 40 bpm that occurred 10 minutes 

later aft er HUTT and couldn’t be diagnosed POTS. We found that if 

HUTT is continued, their BP or both BP and HR dropped and should 

belong to VVs. Further talking about with the pseudo-syncope boy’s 

father we learned he has an overcritical mother. Aft er consultation 

with a psychologist he was diagnosed with body conversion disorder 

and hysteria [5]. He improved aft er six months of psychological 

counseling and treatment with Sertraline. Typically psychogenic 

pseudo-syncope presents in a pediatric patient with excessive parental 

monitoring as well as negative self-image [6]. Among 97 patients over 

three years in a pediatric cardiology syncope center in France, 70.4% 

were VVs, 20.6% were psychogenic pseudo-syncope and 6.2% were 

Table 1: General information and biomarkers of children with syncope.

Gender n Age 
(years)

fainted 
Times 

fainted 
Times FBS Hb CK CKMB CKMB-M cTnI Hs -cTnT NT-pro BNP

Male 66 10.8 ± 2.3 3.5 ± 7.6 3.5 ± 7.6 4.9 ± 0.3 132 ± 8 104 ± 83 26 ± 33 1.4 ± 0.6 0.010 ± 0.012 0.005 ± 0.009 46 ± 37

Female 86 10.3 ± 2.4 2.7 ± 2.4 2.7 ± 2.4 4.9 ± 0.6 129 ± 8a 82 ± 50 19 ± 7 1.3 ± 0.9 0.025 ± 0.110 0.005 ± 0.011 51 ± 40

Note: compared to male: a=P < 0.01

Table 2: positive clinic examination results in syncope children.

Gender n ECG AECG DOPPLER EEG AEEG TCD CT MRA

Male 66 9/66 8/55 2/64 4/63 4/41 4/42 0/5 16/48

Female 86 18/86 12/78 4/85 9/84 7/61 7/57 0/11 17/68

P 0.2435 0.8939 0.6270 0.2608 0.7837 0.6662 - 0.3272 

Total 152 27/152 20/133 6/149 13/127 11/102 11/99 0/16 33/116
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Figure 1: AEEG of female with vasodepressor syncope during HUTT: both cerebral hemispheres show high 2-3 Hz slow waves (beginning from arrow) that 
disappeared after she lay on her back.

Figure 2: AEEG of HUTT negative girl with three times syncope. There were bursts of nonsynchronous, high negative spike and slow waves on both hemispheres 
at the frontal and temporal regions.
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Figure 3: Video EEG of a girl before HUTT during sleep. Nonsynchronous spikes and sharp waves were noted at bilateral frontal, central and temporal poles, with 
more charges on the left without seizure.

Figure 4: OH vs others: * P < 0.05, **P < 0.01.

Figure 5: POTS vs others: * P < 0.05, **P < 0.01.
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Figure 6: Card-D vs others: * P < 0.05, **P < 0.01.

Figure 7: Vaso-D vs others and Mixed-D vs Undefi ned: * P < 0.05, **P < 0.01.

Table 3: HUTT results.

Gender n Age (years) HR POTS OH Vaso-D Cadiac-D Mixed- D Uncertain Negative HUTT (min)

HUTT

Male 43 11.0 ± 2.0 78 ± 14 2 2 8 1 8 4 18 29 ± 16

Female 54 9.6 ± 2.3 a 82 ± 15 3 1 5 1 8 5 31 33 ± 15

Total 97 10.3 ± 2.3 79 ± 14 5 3 13 2 16 9 49 31 ± 16

HUTT+SNHUTT

Male 23 10.3 ± 2.7 83 ± 16 0 0 9 1 3 1 9 54 ± 7

Female 32 11.4 ± 2.0 75 ± 12 0 0 14 2 4 3 9 53 ± 6

Total 55 11.0 ± 2.4 79 ± 15 0 0 23 3 7 4 18 54 ± 7

Note: Compared to males: a=P < 0.01

Table 4: Comparison between different types of syncope with HUTT.

HUTT n Age Fainted 
times HUTT time O-HR 0-SBP 0-DBP 0-MBP S-HR S-SBP S-DBP S-MBP

Negative 67 10.0 ± 2.6 5 ± 10 49 ± 9 81 ± 15 106 ± 14 66 ± 12 77 ± 11 - - - -

OH 3 11.3 ± 2.1 2 ± 1 3 ± 0b 77 ± 25 101 ± 9 59 ± 4 72 ± 1b 113 ± 20 76 ± 7 47 ± 9 58 ± 12

POTS 5 10.0 ± 1.6 4 ± 4 8 ± 2bd 79 ± 12 97 ± 8 60 ± 6 73 ± 8 132 ± 11 103 ± 14c 69 ± 13c 80 ± 13 c

Card-D 5 12.4 ± 1.7ae 4 ± 2 42 ± 12df 75 ± 13 106 ± 4 67 ± 4 75 ± 7 53 ± 8cf 101 ± 12d 59 ± 10d 72 ± 5

Vaso-D 36 11.1 ± 2.0a 3 ± 3 38 ± 18bdf 81 ± 15 105 ± 19 66 ± 8 78 ± 8d 120 ± 27 68 ± 36e 37 ± 20f 48 ± 25f

Mixed-D 23 10.2 ± 2.3 2 ± 1 28 ± 17bdf 79 ± 16 103 ± 11 66 ± 10 76 ± 10c 61 ± 17cf 49 ± 35de 27 ± 19df 33 ± 23cf

undefi ned 13 11.5 ± 1.6b 3 ± 2 34 ± 12bdf 73 ± 10a 105 ± 6 65 ± 7 78 ± 5d 121 ± 13 113 ± 12d 71 ± 12d 86 ± 11c

Note: Compared to negative, a= P < 0.05, b= P < 0.01; compared to OH: c= P < 0.05, d= P < 0.01; compared to POTS: e= P < 0.05, f= P < 0.01.

cardiogenic syncope [7]. Of course, if syncope occurs with action or 

anger, potentially life-threatening disease could be the cause [8,9].

It was well known that deceasing cerebral blood fl ow can result 

syncope [10]. Transcranial Doppler (TCD) was the best way to 

monitor cerebral blood fl ow [11], but it is inconvenience to operate 

during HUTT when the bed rising and down [12]. Cerebritis children 

maybe accompany syncope and they can be found slow wave at any 

time on EEG, while VVs only transient slow wave and epilepsy 

outbreak is spike and ware wave on EEG. Th erefore, with AEEG to 

monitor brain waves can distinguish them very well when syncope 

occurred during HUTT. Th e AEEG change of image one was in 

agreement with the report that there was insuffi  cient blood supply 

in upright syncope [13]. For the episode wasn’t monitored with 

AEEG in patient image 3, epilepsy couldn’t be except. In this study, 

cardiac depressor/ mixed depressor’s HR decreased to criteria and 

recovered as soon as they are prostrate, while some vasodepressor/

mixed depressor kept their SBP/DBP/MBP lower or continue goes 

down for 1 to 2 minutes aft er prostration, then gradually recovered, 

such as these 4 patients with slow waves during syncope. Th erefore, 

we deduced the blood pressure may play a more important role than 

HR in VVs. Th us we should stop HUTT as soon as the syncope or pre 

syncope occurred and the BP decreasing reached diagnostic criteria 

to prevent brain damage, furthermore, preparing venous access and 

normal saline before HUTT was essential.



SCIRES Literature - Volume 2 Issue 3 - www.scireslit.com Page - 064

International Journal of Cardiovascular Diseases & Diagnosis

Th e syncope type could be variable. VVs related to emotion 

and children with frequent syncope usually have some psychosocial 

stressors [14]. Psychological consulting in addition to medication 

may be useful. According to a recent report, syncope type can be 

predicted from HR and BP at the beginning of HUTT [15]. Th at is 

good news to those unwilling to undergo provocative testing. Among 

those various treatments for VVs, once felt pre-syncope, changing 

position to alleviate symptoms of dizziness [16] is a most convenience 

method. In this study, the basic HR of males was faster than females 

in those who underwent SNHUTT. Th is may be due to the fact that 

boys have a greater degree than girls of sympathetic nervous system 

excitement before SNHUTT [17]. A recent study suggested that 

antihypertensive medication might be better than a pacemaker in 

hypertensive patients with vasovagal hypotension [18]. For many 

children with VVs have a positive family history, genetic screening 

for Gaussian protein maybe helpful to diagnose vasovagal syncope.

In this study, total 9 with vice sinusitis was on head MR and 

7 HUTT were positive, we couldn’t fi nd related paper to explain 

it, maybe vice sinusitis stimulate cerebral artery and result them 

transient contract?

In summary, VVs is a common disease in teenage, the syncope 

type is variable. As soon as the patient syncope/pre syncope happened 

and his/her HR and/or BP (especially BP) meet the criteria of VVs, 

the HUTT should be stop and prepare normal saline to intravenous 

infusions. Vice sinusitis may reduce VVs.
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