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Background/Aims: The induction and recurrence of syncope is a concerning sit-
uation that could be unpredicted in the vasovagal syncope (VVS). We investigated 
a simple predictor for the induced and recurrent VVS during Head-Up table-tilt 
Test (HUT) and clinically follow-up.
Methods: The 143 consecutive patients with VVS (age 31 ± 19 years, 33 male) who 
referred by a cardiologist or neurologist and had undergone an echocardiogram, 
HUT, and a treadmill exercise test (TMT) were recruited and clinically follow-up. 
Patients were divided into two groups based on the result of HUT and TMT. The 
data was analyzed and compared between VVS patients and control 141 patients 
without VVS who were enrolled in the same study period (age 40 ± 5 years, 117 
male). 
Results: The heart rate recovery (HRR), recovery systolic blood pressure (RecSBP), 
recovery diastolic blood pressure (RecDBP), HRR/RecSBP and HRR/RecDBP were 
significantly different between controls and VVS during the TMT. Within VVS, 
even if, baseline characteristics were similar between negative and positive HUT 
(n = 92 vs. n = 51). HRR (31 ± 10 vs. 35 ± 10), HRR/RecSBP (0.24 ± 0.09 vs. 0.28 ± 0.09) 
and HRR/RecDBP (0.49 ± 0.18 vs. 0.58 ± 0.19) were significantly different between 
negative and positive HUT results. Especially, HRR/RecSBP and HRR/RecDBP 
were significantly correlated with induced syncope with a sensitivity and specific-
ity ([60%, 83%] cut-off, 0.31; [72%, 80%] cut-off, 0.63). In the Cox regression, HRR/
RecDBP were significantly associated with recurrence of VVS with hazard ratio of 
3.29 (confidence interval, 0.95 to 11.3; p = 0.049).
Conclusions: HRR/RecDBP may be a useful predictor for induction during HUT 
and recurrence during follow-up in the VVS.
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Heart rate recovery and diastolic blood pressure 
ratio on the treadmill test predict an induction 
and recurrence of vasovagal syncope
Yu Jeong Choi1, Ki-Woon Kang1, Sang Hyun Jang2, Jae Guk Kim2, Soo Joo Lee2, and Kyung Tea Jung1

INTRODUCTION

Vasovagal syncope (VVS) is often problematic condition 
in young patients [1]. By the age of 60, 42% of females 
and 32% of males will have had at least one episode of 
VVS, and the cumulative incidence and recurrence rate 

is approximately 25% to 35% [2]. In previous report, the 
number of episodes of syncope is a powerful predictor 
of recurrence [3,4]. 

Abrupt changes in hemodynamic status and auto-
nomic function lead to VVS. Most syncopal events can 
discontinue without any specific therapy, but the reason 

http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2017.180&domain=pdf&date_stamp=2019-03-01


316 www.kjim.org https://doi.org/10.3904/kjim.2017.180

The Korean Journal of Internal Medicine Vol. 34, No. 2, March 2019

for this is unknown [1,5]. Prodromal symptoms and syn-
copal situation play particularly important roles in the 
diagnosis of VVS [6]. 

However, the diagnostic yield by general physician is 
reported to be 60% to 70% with history taking as main 
factors. In addition, initial assessments did not provide 
enough evidence for diagnosis due to the stabilization 
of symptoms after an event [4]. Unpredictable induction 
of syncopal events also may be embarrassing in the sit-
uation of Head-Up table-tilt Test (HUT), and clinical 
response to such events may be belated. Therefore, ad-
ditional diagnostic tests with better sensitivity and spec-
ificity would be highly desirable [7]. 

Several studies have evaluated the predictability of 
syncopal event based on physiological variables [7-9]. 
Among cardiovascular diagnostic tools, treadmill ex-
ercise test (TMT) has been widely used for assessment 
of important hemodynamic parameters and prognostic 
implications, such as ischemia, arrhythmias, autonomic 
function, and exercise-induced symptoms [10,11]. There-
fore, our objective was to investigate a simple predictor 
of induced syncopal episodes during the HUT and re-
currence of syncope during clinically follow-up using 
hemodynamic parameters from TMT in VVS patients.

METHODS

In total, the 143 consecutive VVS patients were referred 
by a cardiologist and a neurologist. An initial electrocar-
diography (ECG), an echocardiogram, and a TMT, all of 
which were performed prior to, and within 1 week of, 
HUT from April 2013 to April 2015 in the cohort. This 
retrospective and prospective cohort of VVS was ap-
proved by the Institutional Review Board (201708013) 
and patient informed consent was obtained at Eulji Uni-
versity Hospital, Daejeon, South Korea. VVS was diag-
nosed on the basis of a structured history, and clinically 
suspected if syncope was precipitated by emotional or 
orthostatic stress, and was accompanied by typical pro-
dromal symptoms, as described in the 2009 European 
Society of Cardiology (ESC) consensus. VVS is usually 
classified based on the efferent pathway most involved 
sympathetic or parasympathetic nerves. The term ‘vaso-
depressor-type VVS’ is commonly used if hypotension, 
due to a loss of upright vasoconstrictor tone, predomi-

nates. ‘Cardioinhibitory-type VVS’ is used when brady-
cardia or asystole predominate, and ‘mixed-type VVS’ is 
used if both mechanisms are present [3]. The neurologist 
and cardiologist excluded patients who had pre-existing 
neurologic or cardiovascular disease including transient 
ischemic attack, seizures, hypertension, coronary artery 
disease, valvular heart disease, heart failure, atrial fibril-
lation, diabetes, obesity, and lung disease.

Control subjects, free from syncopal history and with-
out hypertension, diabetic mellitus, coronary artery dis-
ease, or lung disease, which were recruited from Eulji 
Heathcare Center from April 2013 to April 2015 at Eulji 
University Hospital, Deajeon, South Korea. The TMT 
data from the 141 controls patients without VVS were 
considered eligible for analysis in the study.

Two-dimensional and M-mode echocardiography 
was performed to assess systolic and diastolic function 
and structure using standard methods [12]. The TMT 
was performed using GE Healthcare Exercise Stress Test 
Systems (CASE, GE Medical Systems, Milwaukee, WI, 
USA) according to the standard Bruce Protocol outlined 
in Exercise Standards for Testing and Training [10]. 
ECG (12-lead), heart rate (HR) response, and blood pres-
sure (BP) were recorded at baseline during each stage of 
exercise, at peak workload, and at 1-minute intervals for 
5 minutes during the recovery stage. Results of the TMT 
were reported by two cardiologists blinded to the pa-
tients’ backgrounds. The test involved an initial warm-
up period followed by progressive graded exercise with 
increasing loads to peak exercise, and then an abrupt 
post-maximum recovery period. Heart rate recovery 
(HRR) was defined at the reduction in HR from the peak 
value to the rate 1 minute later. BP was measured using 
a TONOPORT V ambulatory blood pressure system (GE 
Medical Systems). The peak systolic blood pressure and 
peak diastolic blood pressure (peakSBP and peakDBP, 
respectively) during peak workload and the minimum 
recovery systolic blood pressure and recovery diastol-
ic blood pressure (RecSBP and RecDBP, respectively) 
during the recovery stage were measured. Measurement 
time points of HRR, RecSBP and RecDBP was almost 
same because autonomic nerve activity dramatically 
changes during recovery phase after exercise.

A positive result of HUT was defined as previously 
described by the 2009 ESC consensus [3]. Patients were 
initially placed in supine position for at least 5 minutes 

www.kjim.org


317

Choi YJ, et al. Predictor for vasovagal syncope

www.kjim.orghttps://doi.org/10.3904/kjim.2017.180

during which no venous cannulation was performed 
(pre-tilt phase). Patients were then tilted to, and main-
tained at, 70° while being supported by a foot rest for 
45 minutes or until syncope. Intravenous isoproterenol 
was injected in incremental doses (1 to 3 μg/min) to in-
crease HR 25% from baseline. Recurrent syncopal event 
was clinically followed by regular telephone contact and 
out-patient clinic visit.

Statistical analysis
Baseline characteristics of patients that had positive 
and negative result of HUT were analyzed and stratified 
multivariable logistic regression was then constructed 
to assess the independent relationship for a positive 
result of HUT. In addition, to determine independent 
predictors for the recurrent syncope, the multivari-
ate Cox regression hazard model was used. Follow-up 
variables subjected to univariate screening included the 
baseline characteristics. Variables showing significant 
associations with recurrent syncope in the univariate 
testing were assessed in a multivariate model. A receiv-
er operating characteristic (ROC) curve was plotted to 
identify the cutoff with optimal sensitivity and specific-
ity for recurrent syncope, and the Kaplan-Myer Curve 

was plotted for free-from recurrent syncope. Analyses 
were performed with the MedCalc software version 17.0 
(MedCalc Software, Ostend, Belgium). p values < 0.05 
were considered to be statistically significant.

RESULTS

Of the 143 study patients, 92 had negative HUT results 
and 51 had positive results. The average ages of patients 
who tested negative HUT, positive HUT and of the con-
trols were 34 ± 14, 29 ± 11, and 40 ± 5 years, respectively. 
In the Table 1, even if, the difference of age between pa-
tients that tested positive and negative HUT was slightly 
different (p = 0.047). No differences in body mass index, 
frequency of syncopal event, prodromal symptom and 
syncopal situation, or baseline ECG parameters (HR, 
PR interval, QRS duration, and corrected QT interval) 
were found between groups. The groups also had sim-
ilar echocardiographic parameters (ejection fraction, 
left atrium size and diastolic function parameters). The 
clinical characteristics and echocardiographic data of 
the control patients have no abnormal finding due to 
young healthy people.

Table 1. Baseline clinical characteristics between positive and negative HUT 

Demographic Total (n = 143) HUT (–) (n = 92) HUT (+) (n = 51) p value

Age, yr 31 ± 19 34 ± 14 29 ± 11 0.047

Male sex 33 (23.0) 24 (42.9) 9 (23.7) 0.056

Body mass index, kg/m2 24.9 ± 3.0 24.5 ± 2.9 25.4 ± 3.1 0.532

Prodromal symptom 107 (74.8) 70 (76.1) 37 (72.5) 0.641

Syncopal situation 0.401

Walking after standing 60 (65.2) 28 (54.9)

Long standing or sitting 15 (16.3) 14 (27.5)

Defecation or micturition 9 (9.8) 2 (3.9)

Exertion 4 (4.3) 4 (7.8)

Stretching 2 (2.2) 2 (3.9)

Pain or emotional stress 2 (2.2) 1 (2.0)

Syncope frequency, no. 1.1 ± 1.4 1.1 ± 1.6 1.1 ± 1.3 0.548

Heart rate, bpm 69 ± 13 69 ± 13 70 ± 13 0.677

PR interval, ms 154 ± 18 153 ± 25 156 ± 23 0.460

QRS duration, ms 91 ± 20 91 ± 22 88 ± 10 0.379

QTc interval, ms 421 ± 23 422 ± 26 424 ± 25 0.743

Values are presented as mean ± SD or number (%).
HUT, Head-Up table-tilt Test; QTc, corrected QT.
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During the pre-exercise stage, baseline HR, SBP and 
DBP were similar between patients with negative and 
positive HUT results; however, during the peak-work-
load stage, SBP (153 ± 24 vs. 143 ± 21) and DBP (69 ± 14 vs. 
64 ± 12) were significantly different. During the recovery 
stage, HRR (26 ± 8 vs. 33 ± 10), RecSBP (148 ± 20 vs. 132 
± 22), RecDBP (74 ± 11 vs. 62 ± 12), HRR/RecSBP (0.18 ± 
0.07 vs. 0.25 ± 0.09), and HRR/RecDBP (0.36 ± 0.12 vs. 0.53 
± 0.19) were significant different between control and 
VVS. In addition, HRR (31 ± 10 vs. 35 ± 10), RecSBP (134 ± 
22 vs. 127 ± 22), RecDBP (63 ± 12 vs. 59 ± 12), HRR/RecSBP 
(0.24 ± 0.09 vs. 0.28 ± 0.09), and HRR/RecDBP (0.49 ± 0.18 
vs. 0.58 ± 0.19) were significantly different between neg-
ative and positive HUT in the Table 2. On the basis of 
positive result of HUT, HRR, HRR/RecSBP, and HRR/
RecDBP in the mixed type VVS (n = 25) were significantly 
different compared to vasodepressor type (n = 10) or car-
dioinhibitory type VVS (n = 16) in the Table 3.

Logistic regression analysis showed that RecSBP and 
RecDBP were significantly correlated with positive HUT 
results. The best ROC curve shows that HRR/RecSBP 
was a predictor, especially mixed-type VVS, with a sen-
sitivity (60%), specificity (83%), cut-off 0.31, and HRR/

RecDBP also was another predictor, especially mixed-
type VVS, with sensitivity (72%), specificity (80%), cut-off 
0.63 in the induction of syncope during HUT (Fig. 1). 
In the comparison of ROC curve for recurrent syncope, 
HRR/RecDBP seems to be more predictable than HRR/
RecSBP in the recurrence of VVS. Especially, HRR/
RecDBP cut-off 0.63, the hazard ratio of HRR/RecDBP 
were 3.29 (confidence interval, 0.95 to 11.3; p = 0.049) for 
recurrence of VVS in the Cox regression during the fol-
low-up (Table 4, Fig. 2).

DISCUSSION

In this study, patients with VVS had signifcantly differ-
ent in the RecSBP, RecDBP, HRR/RecSBP, and HRR/
RecDBP during the TMT compared to control patients 
without VVS. And in addition, the RecSBP, RecDBP, 
HRR/RecSBP, and HRR/RecDBP during the TMT were 
significantly different between negative and positive re-
sult of HUT. Especially, in the age- and sex-adjusted re-
gression, HRR/RecSBP and HRR/RecDBP were predict-
able for induction of VVS during HUT and especially 

Table 2. Hemodynamic parameters in treadmill exercise test

Hemodynamic Control (n = 141) VVS (n = 143) p value VVS HUT (–) (n = 92) VVS HUT (+) (n = 51) p value

Pre-exercise

 HR, bpm 85 ± 14 88 ± 14 0.059 88 ± 13 89 ± 15 0.851 

 SBP, mmHg 120 ± 19 112 ± 17 0.078 113 ± 16 109 ± 17 0.218 

 DBP, mmHg 70 ± 11 67 ± 12 0.062 68 ± 12 66 ± 12 0.423 

Peak-exercise

 Workload, METs 11.7 ± 1.5 11.4 ± 1.8 0.175 11.3 ± 2.3 11.5 ± 1.1 0.099

 PeakHR, bpm 171 ± 14 175 ± 15 0.045a 174 ± 16 177 ± 14 0.360 

 PeakSBP, mmHg 154 ± 26 150 ± 24 0.255 153 ± 24 143 ± 21 0.009a

 PeakDBP, mmHg 71 ± 12 67 ± 14 0.020a 69 ± 14 64 ± 12 0.044a 

Recovery

 HRR 26 ± 8 33 ± 10 < 0.001a 31 ± 10 35 ± 10 0.044a 

 RecSBP, mmHg 148 ± 20 132 ± 22 < 0.001a 134 ± 22 127 ± 22 0.066

 RecDBP, mmHg 74 ± 11 62 ± 12 < 0.001a 63 ± 12 59 ± 12 0.090

 HRR/RecSBP 0.18 ± 0.07 0.25 ± 0.09 < 0.001a 0.24 ± 0.09 0.28 ± 0.09 < 0.001a

 HRR/RecDBP 0.36 ± 0.12 0.53 ± 0.19 < 0.001a 0.49 ± 0.18 0.58 ± 0.19 0.008a

Values are presented as mean ± SD. 
VVS, vasovagal syncope; HUT, Head-Up table-tilt Test; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; MET, metabolic equivalent; HRR, heart rate recovery; Rec, recovery stage. 
ap < 0.05 statistically significant.
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HRR/RecDBP was significantly associated with recur-
rent syncope during follow-up period.

VVS was considered as cardiovascular reflexes that 
are normally maintained in controlling the circulation 
become intermittently inappropriate, in response to a 
trigger, resulting in vasodilatation and, or bradycardia 
and thereby in a fall in arterial BP and global cerebral 
perfusion [3]. Therefore, HUT is the standard tool used 
to diagnose and establish autonomic changes in patients 
with VVS [7]. HUT also has an area under the ROC curve 
of 0.84 and an adjusted diagnostic odds ratio of 12.15 for 
VVS [13]. Therefore, many physicians believe that HUT, 
when interpreted appropriately, has diagnostic value. In 
particular, induction of VVS symptoms during the HUT 
can be an important end point of examination. How-

ever, there is uncertainty regarding the length of time 
required for the test to be an accurate diagnostic or pre-

Table 3. Hemodynamic parameters of positive HUT in 
treadmill exercise test

Hemodynamic
VVS p 

valueVD CI Mixed

Number 10 16 25

Age, yr 31 ± 10 31 ± 11 27 ± 11 0.868 

Male sex 5 (50.0) 7 (43.7) 5 (20.0) 0.139

Pre-exercise

 HR, bpm 87 ± 12 89 ± 15 88 ± 16 0.755 

 SBP, mmHg 110 ± 13 114 ± 19 107 ± 18 0.759 

 DBP, mmHg 69 ± 9 71 ± 15 62 ± 11 0.184 

Peak-exercise

 Workload, 
  METs

11.7 ± 1.2 12.1 ± 1.9 11.5 ± 1.1 0.217

 HR, bpm 166 ± 20 176 ± 16 175 ± 14 0.529 

 SBP, mmHg 141 ± 11 152 ± 24 139 ± 20 0.378

 DBP, mmHg 69 ± 12 66 ± 13 61 ± 12 0.590 

Recovery

 HRR 30 ± 10 33 ± 9 39 ± 9 0.057 

 SBP, mmHg 116 ± 7 133 ± 24 128 ± 21 0.601

 DBP, mmHg 58 ± 9 63 ± 12 58 ± 12 0.263

 HRR/SBP 0.27 ± 0.11 0.25 ± 0.08 0.30 ± 0.07 0.047a

 HRR/DBP 0.51 ± 0.19 0.52 ± 0.24 0.65 ± 0.13 0.037a

Values are presented as mean ± SD. 
HUT, Head-Up table-tilt Test; VVS, vasovagal syncope; VD, 
vasodepressor type; CI, cardioinhibitory type; HR, heart 
rate; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; MET, metabolic equivalent; HRR, heart rate recovery. 
ap < 0.05 statistically significant.
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Figure 1. Receiver operating characteristic presenting pre-
dictive ability of heart rate recovery (HRR)/recovery systolic 
blood pressure (RecSBP) and HRR/recovery diastolic blood 
pressure (RecDBP) of induced syncopal episode during 
Head-Up table-tilt Test. 
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Figure 2. Comparison of receiver operating characteristic 
presenting predictive ability of heart rate recovery (HRR)/
recovery systolic blood pressure (RecSBP) and HRR/recov-
ery diastolic blood pressure (RecDBP) of recurrent syncopal 
episode during follow-up. Kaplan-Meier curve presenting 
predictive ability of HRR/RecDBP for recurrent syncopal 
episode during follow-up.
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dictive tool (Supplementary Table 1) [14]. 
Induction of VVS during HUT are also embarrassing 

and can lead to patients delaying treatment, especially if 
the physicians and medical personnel involved are not 
highly trained to deal with the situation. However, the 
examination of HUT could be more easily available if 
there offer a simple way to predict induction of VVS.

Sheldon et al. [15] were the first to demonstrate a cor-
relation between recurrent syncope and positive results 
of HUT. The most powerful predictor of recurrent syn-
cope was the logarithm of the number of preceding syn-
copal events [15]. In addition, Baron-Esquivias et al. [1] 
also analyzed significant differences in the rate of recur-
rent syncope between patients with < 5 or ≥ 5 previous 
episodes of syncope (25% vs. 44%). Aydin et al. [9] also 
demonstrated that the number of previous syncopal 
events, history of bronchial asthma, and female gender 
were predictors for recurrent syncope. In our study, all 
patients had less than five previous syncopal events, no 
pulmonary disease, and these factors should not influ-
ence the results.

HUT has been considered as non-invasive methods 
to measure autonomic modulation from HR and BP 
variability, and have been used in several clinical appli-
cations as physiological markers of cardiac autonomic 
control [16-18]. An initial increase in neuroendocrine 

sympathetic activity is followed by an increase in va-
gally-mediated parasympathetic activity with a concur-
rent withdrawal of sympathetic activity. Previous studies 
have shown that patients with VVS have dysfunctional 
baroreflex regulation during orthostatic stress, abnor-
mal sensitivity of pressure receptors in the heart and 
arterial system, abnormalities of gain in central nervous 
system processing, and failure of the normal pressure 
regulatory mechanism compared to patients without 
VVS [19]. In our cohort, most of recurrent VVS as refer-
ral center consist of predominantly young female which 
may be explained by more over-reactive and unbalanced 
efferent pathway involved sympathetic or parasympa-
thetic nerves.

We assumed that BP and HR in the TMT may reflect 
sympathetic and parasympathetic nerve activity in VVS 
patients. Evaluation of the HR response during the 
TMT is easy to perform and considered a useful tech-
nique that reflects autonomic activity changes [20]. HRR 
reflects the rate of HR decline after cessation of exercise, 
and is defined as a HR reduction between maximal HR 
during peak-exercise and HR during the recovery stage 
[21,22]. The first minute HRR curve is a novel concept in 
exercise physiology and reflects sympathetic withdraw-
al and vagal augmentation [23]. The withdrawal of sym-
pathetic tone to the veins, which results in peripheral 

Table 4. Logistic regression of prediction for positive HUT

Variable
Univariate Age-/sex-adjusted

OR 95% CI p value OR 95% CI p value

Age 0.97 0.93–1.00 0.074

Sex 2.41 0.96–6.04 0.059

PeakSBP 0.98 0.96–1.00 0.164

PeakDBP 0.96 0.93–1.00 0.037

HRR 1.05 1.00–1.09 0.019 1.05 1.00–1.10 0.036

RecSBP 0.97 0.95–0.99 0.008a

RecDBP 0.95 0.92–0.99 0.025a

HRR/RecSBP 105.52 2.23–498.9 0.013a 128.3 2.43–675.8 0.007a

HRR/RecDBP 11.43 1.76–74.28 0.007a 8.02 1.16–55.10 0.014a

Mixed type VVS

HRR/RecSBP 56.05 5.82–539.4 0.006a 77.6 2.60–127.2 0.010a

HRR/RecDBP 51.83 4.80–559.2 0.001a 29.50 2.56–339.5 0.006a

HUT, Head-Up table-tilt Test; OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; HRR, heart rate recovery; Rec, recovery stage; VVS, vasovagal syncope.
ap < 0.05.
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blood pooling, has been suggested to be an important 
factor contributing to the decrease in cardiac output 
that occurs during VVS [24]. Vasodilatation in other vas-
cular beds, including splanchnic and renal circulation, 
could also occur early in the development of syncope. 
The transduction of sympathetic outflow into peripher-
al vascular resistance may also be altered before sympa-
thetic withdrawal [25,26], and this may be why hemody-
namic parameters changes differed in control patients 
compared to VVS patients in our study. Since HRR, 
SBP and DBP are controlled by the baroreflex response 
during the recovery stage, we assumed that a combina-
tion of their variables (HRR/RecSBP and HRR/RecDBP) 
improve their predictive power more than single vari-
able, HRR, RecSBP, and RecDBP in the induction and 
recurrence of VVS, especially mixed-type VVS, compare 
to vasodepressor or cardioinhibitory-type.

RecDBP seems to be more decreased in patients with 
positive HUT compared to negative HUT in the Table 
2 because RecDBP could be more influenced by pe-
ripheral vascular resistance. A significant reduction of 
RecDBP may reflect the possible loss of vasoconstriction 
correlated with withdrawal of sympathetic tone prior to 
syncope [24-26].

The hemodynamic index proposed by using the TMT 
seemed to be better predicted than number of previous 
syncopal events, and female gender which can serve as a 
surrogate diagnostic tool in clinical practice to manage 
VVS. According to the 2015 Heart Rhythm Syncope Con-
sensus [4], there is growing movement away from HUT, 
particularly because it is not either incrementally useful 
to a structured history or predictive of outcome. Much 
of this is borne out in this study where the positive and 
negative result of HUT is similar in almost all of the 
relevant history and clinical parameters.

The unpredictable induction during HUT and recur-
rence of syncopal events during clinically follow-up in 
the real practice may be embarrassing to examiner and 
physician and could take time to deal with the unexpect-
ed situation and traumatic events. The clinical implica-
tion of the study is that the physician be recommended 
to take more preparation and prompt care of induction 
of VVS patients during the HUT and recurrence of VVS 
during follow-up period according to simple parame-
ters of TMT in advance.

Our study should be interpreted in the context of the 

following limitations. First, the proportion of our study 
was more female than male patients in the VVS. There-
fore, the age-, sex-adjusted analysis could be statisti-
cally reasonable for our result. Second, HUT seems to 
be more common than TMT as a clinical examination 
for patients with VVS, potential confounding factors 
may exist despite our efforts to adjust for differences; 
however, this occurs in most cohort studies. Third, in 
our facility, TMT was performed in almost patients with 
VVS. However, there exist selection biases. Fourth, the 
patients with VVS were classified by a single HUT re-
sult. The reproducibility of HUT in the patients with 
VVS should be reported.

In conclusion, HRR/RecSBP and HRR/RecDBP, tak-
en from the TMT, may be a useful predictor of induced 
syncope during HUT. Especially, HRR/RecDBP was 
significantly associated with recurrent syncope during 
clinically follow-up.
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Supplementary Table 1. Recurrence of vasovagal syncope between negative and positive HUT

Variable Total (n = 143) HUT (–) (n = 92) HUT (+) (n = 51) p value

Recurrent syncope 11 (7.6) 8 (8.6) 3 (5.8) 0.546

Follow-up duration, mon 8.6 ± 8.0 8.8 ± 7.8 8.4 ± 8.5 0.789

Values are presented as number (%) or mean ± SD.
HUT, Head-Up table-tilt Test.
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