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Abstract

Objective: The head-up tilt test (HUTT) is widely used but is time-consuming and not cost-effective to evaluate
patients with vasovagal syncope (VVS). The present study aims to verify the hypothesis that ambulatory blood pressure
(BP) monitoring (ABPM) and the simplistic tilt test may be potential alternatives to the HUTT.

Methods: The study consecutively enrolled 360 patients who underwent the HUTT to evaluate VVS. BP), heart rate
(HR), and BP/HR ratios derived from ABPM and the simplistic tilt test were evaluated to predict the presence, pattern,
and stage of syncope during the HUTT.

Results: Mixed response was the commonest pattern, and syncope occurred frequently with infusion of isoproterenol
at a rate of 3 pug/min. During the simplistic tilt test, the cardioinhibitory group had higher tilted BP/HR ratios than
the vasodepressor group, while the vasodepressor group had a faster tilted HR and a larger HR difference than the
cardioinhibitory group. The higher the BP/HR ratio in the tilted position, the higher the isoproterenol dosage needed
to induce a positive response. During ABPM, BP/HR ratios were significantly higher in the cardioinhibitory group
than in the vasodepressor group. The higher the ABPM-derived BP, the higher the dosage of isoproterenol needed to
induce syncope. There were significant correlations in BP/HR ratios between ABPM and the supine position in the
vasodepressor group, while significant correlation was found only for the diastolic BP/HR ratio between ABPM and
the tilted position in the cardioinhibitory group. The mixed pattern shared correlative features of the other two patterns.
Conclusion: ABPM and the simplistic tilt test might be used as promising alternatives to the HUTT in VVS evaluation
in clinical settings.

Keywords: Vasovagal syncope; head-up tilt test; simplistic tilt test; ambulatory blood pressure monitoring; blood
pressure/heart rate ratio

Significance Statement: Blood pressure, heart rate and ratios of blood pressure to heart rate in the tilted position
during the simplistic tilt test had predictive value with regard to the presence, pattern, and stage of syncope during the
head-up tilt test. Ratios of blood pressure to heart rate derived from ambulatory blood pressure monitoring (ABPM)
may be better predictors of the presence and pattern of vasovagal syncope (VVS), while ABPM-derived blood pressure
should be used to predict the time when syncope will happen. There were significant correlations in blood pressure
to heart rate ratios between ABPM and the simplistic tilt test, and different VVS patterns had different correlative
features. Parameters from both ABPM and the simplistic tilt test may be promising alternatives to the head-up tilt test
in VVS evaluation.

©2021 Cardiovascular Innovations and Applications. Creative Commons Attribution-NonCommercial 4.0 International License



194 | Z. Wen et al., Alternative Tools for Head-Up Tilt Test

Introduction

Vasovagal syncope (VVS) is the commonest cause
of syncope, accounting for approximately 68.5%
of syncope presentations in specialized clinical set-
tings [1]. The head-up tilt test (HUTT) has been
established as a useful tool for the evaluation of
patients with suspected VVS. However, the HUTT
is somewhat time-consuming in busy clinical set-
tings and expensive for diagnosis. Additionally, no
confirmed evidence supports a single measurement
or a combination of measurements able to predict
the HUTT result with precision [2]. Therefore,
novel diagnostic tools rather than the HUTT are
being explored to evaluate VVS.

Growing evidence suggests that blood pressure
(BP), heart rate (HR), or their ratio may be predic-
tive of HUTT results in advance. To date, few stud-
ies have demonstrated the role of BP, HR, BP/HR
ratios from ambulatory BP monitoring (ABPM) and
the simplistic tilt test (STT) which was defined as the
period from the beginning to positional change dur-
ing the HUTT at the basic stage, in the appearance
of syncope, syncope patterns, and when syncope
occurs during the HUTT in VVS patients. In a previ-
ous study [3], we observed that many VVS patients
had positive responses at the time of a change from
supine position to tilted position with or without
isoproterenol infusion during the HUTT. Therefore,
the present study aims to explore syncopal charac-
teristics in a Chinese subpopulation, clarify predic-
tive roles of BP, HR, and BP/HR ratios derived from
ABPM and the STT with regard to the presence, pat-
tern, and stage of syncope during the HUTT.

Methods

Study Population and Data Collection

The study consecutively enrolled 360 patients aged
15-70 years who were admitted to the Department
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of Cardiology of Sun Yat-sen Memorial Hospital
between January 2007 and December 2017 for
unexplained syncope. VVS had been diagnosed in
these patients by detailed medical history, physical
examination, the HUTT, and other ancillary tests.
In the present study, all admitted patients aged
from 15 to 70 years, received the HUTT and diag-
nosed as VVS on discharge for their unexplained
syncope within the research period were included.
Patients with histories of congestive heart failure,
severe coronary heart disease, severe arrhythmia,
severe structural heart disease including congeni-
tal heart disease, rheumatic heart disease and car-
diomyopathy, and pulmonary hypertension that
might be related to cardiac syncope were excluded
from the study. Patients with clinical manifesta-
tions of cerebral infarction, cerebral hemorrhage,
and traumatic brain injury that could cause neu-
rological syncope or epilepsy, as well as clinical
manifestations of orthostatic hypotension, carotid
sinus syndrome, and carotid sinus syndrome were
excluded from the study. Patients with significant
abnormalities in examinations by electrocardio-
gram, dynamic electrocardiogram, echocardiog-
raphy, coronary artery angiogram, invasive elec-
trophysiological study, electroencephalogram, and
magnetic resonance imaging that indicated that
syncope from another cause had not been com-
pletely excluded were also excluded from the study.
Finally, those with severe diseased states, including
severe hepatic dysfunction and renal insufficiency,
and current infectious disease and thus could not
complete the HUTT and those with any medical
condition that could cause syncope and who had
taken any drug that could have influenced BP and
HR were also excluded from the study. Individuals
were assessed, investigated, and treated according
to the usual institutional practice. The data collec-
tion included demographic data, medical history,
body measurements, laboratory tests, electrocar-
diogram, dynamic electrocardiogram, ABPM,
echocardiogram, computed tomography, magnetic
resonance imaging, and electroencephalogram.
The HUTT, coronary artery angiogram, and an
invasive electrophysiological study were per-
formed for patients who provided written informed
consent. Investigations were in accordance with
the Declaration of Helsinki. The present study was
approved by the Ethics Committee of Sun Yat-sen



Memorial Hospital of Sun Yat-sen University
(SYSEC-KY-KS-2020-175), and all medical records
were studied by anonymous means.

Head-Up Tilt Test

The HUTT protocol was performed and syncopal
responses, syncope patterns, and syncope stages were
defined as in our previous study [3]. In the present
study, the HUTT was performed after other causes
of syncope had been excluded. Any vasoactive drug
influencing BP and HR should be withheld for at
least five half-lives before the HUTT. The modified
HUTT was performed for all patients in a comfortable
and slightly darkened room equipped for cardiopul-
monary resuscitation. The test was performed on an
electrically adjustable tilt table (Siemens HUT-821,
Juchi Medical, Beijing). The right antecubital intra-
venous line was used for isoproterenol infusion. HR
was monitored throughout the test and cuff BPs were
obtained every 5 min or when symptoms occurred.
After the patient had initially rested for 10 min in
the supine position, the table was smoothly tilted to
70°, which was defined as the STT. Subsequently, in
the absence of syncope or presyncope, after 10 min
in the tilted position, the table was returned to the
supine position and increasing dosages of isopro-
terenol (1, 3, and 5 pg/min) were gradually infused
in three successive stages. Each stage consisted of
10 min in the tilted position and 5 min in the supine
position between stages.

Positive response was defined as the development
of syncope or presyncope associated with brady-
cardia (marked bradycardia less than 50 beats per
minute or 20% or greater decrease in HR) or hypo-
tension (systolic BP [SBP] of 80 mmHg or less,
diastolic BP [DBP] of 50 mmHg less, or 25% or
greater decrease in mean arterial pressure), or both.
Negative response was defined as the completion of
the protocol without symptoms. Positive response
was further classified into three syncope patterns:
cardioinhibitory when isolated marked bradycardia
occurred, vasodepressor when isolated hypoten-
sion occurred, and mixed when mild bradycardia
accompanied by hypotension was observed at the
time of syncope or presyncope. Positive response
was further divided into four syncope stages accord-
ing to the time when syncope occurred during the
HUTT: basic stage (without isoproterenol infusion),
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low-dosage isoproterenol stage (1 pg/min), medium-
dosage isoproterenol stage (3 pg/min), and high-
dosage isoproterenol stage (5 ng/min). HR and BP
as well as their differences and ratios in the STT
stage were used to predict syncopal response, syn-
cope patterns, and syncope stages.

Twenty-Four-Hour Ambulatory Blood
Pressure Monitoring

ABPM was performed with a model 90217 device
(Spacelabs Healthcare, USA). Vasoactive drugs
that may influence BPs and HR were withheld for
at least five half-lives before ABPM. The reliabil-
ity of BPs measured with the device was checked
against simultaneous measurements with a mercury
sphygmomanometer before the monitoring started.
Measurements were made every 30 min during
daytime (6:00 to 22:00) and every 60 min during
nighttime (22:00 to 6:00). BP was measured by the
cuff-oscillometric method. Each SBP, DBP, and HR
measurement was recorded by the device and eval-
uated by the software of the same system. The mean
SBP, mean DBP, mean HR, and mean BP/HR ratios
during a whole day (24 hours), in the daytime, at
nighttime, and at each hour were evaluated.

Statistical Analysis

Continuous variables were presented as the mean *
standard deviation and were compared by the 7 test
or one-way ANOVA with the least significant dif-
ference post hoc test within subgroups. Categorical
variables were presented as the number and propor-
tion and tested for statistical significance with the
x* test. General line model repeated measures were
used to evaluate the distributions of parameters dur-
ing ABPM. Two-tailed P values less than 0.05 were
considered significant. All statistical analyses were
performed with the software package SPSS for
Windows version 16.0.

Results

Demographic and Clinical Characteristics
of Participants

There were 360 patients, with a mean age of 42 years,
enrolled in the study, including 189 males and 171
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females. Because 13 patients did not complete the
HUTT, 347 patients were included for further eval-
uation. Although coronary artery angiogram, com-
puted tomography or magnetic resonance imaging
was performed, only a few patients were found to
have significant stenoses in coronary arteries or
mild stroke (Table 1). Both coronary artery disease
and stroke did not differ significantly between posi-
tive and negative patients. Positive patients had a
higher prevalence of electrocardiogram abnormali-
ties and a significantly lower HR at admission when
compared with negative patients.

Syncopal Characteristics of the Population

A mixed pattern was the predominant subtype of
VVS, which accounted for 52.0% of syncope pres-
entations overall (Table 2). No significance was
observed in the presence of prodrome, triggers,
syncope duration, and syncope episodes between
positive and negative groups and among syncope
patterns. The cardioinhibitory group had the highest
prevalence of sinus arrest when syncope happened,
but long R-R intervals were rarely observed, while

junctional escape rhythm occurred commonly.
Overall, there was a significant difference between
syncope stages and syncope patterns (Figure 1). A
larger number of positive episodes occurred at the
medium-dosage stage overall and among different
syncope patterns. More vasodepressor patients had
a positive response at an earlier stage, especially
when compared with cardioinhibitory patients.

Predictive Roles of BP, HR, and BP/HR
Ratios Derived from the STT

Positive patients had lower HRs in both the supine
position and the tilted position, which were sig-
nificantly lower than in negative patients (Table 3).
Significantly lower BP/HR ratios in the tilted posi-
tion but not the supine position were found in
positive group when compared with the negative
group. Both mixed and cardioinhibitory patients
had significantly lower HRs than negative patients,
while no significance of HR was revealed between
negative patients and vasodepressor patients. Both
mixed and cardioinhibitory patients had signifi-
cantly higher BP/HR ratios than negative patients

Table 1 Baseline Demographics and Clinical Characteristics of the Study Population.

Characteristic Overall Negative Positive P
(n = 347) (n=18) (n = 329)

Male 189 (54.5%) 11 (61.1%) 178 (54.1%) 0.633
Age (years) 42+ 14 39+18 42+ 14 0.397
Coronary heart disease 21 (6.0%) 2 (11.1%) 19 (5.8%) 0.298
Cardiac arrhythmia 36 (10.4%) 1 (5.6%) 35 (10.6%) 0.706
Hypertension 46 (13.2%) 1(5.6%) 45 (13.7%) 0.486
Diabetes mellitus 12 (3.4%) 1 (5.6%) 11 (3.3%) 0.478
Stroke 12 (3.4%) 0 (0%) 12 (3.6%) 0.410
Coronary angiogram 177 (51.0%) 9 (50%) 168 (51.1%) 0.930
Electrophysiological study 201 (57.9%) 9 (50%) 192 (58.4%) 0.484
Echocardiography abnormalities 24 (6.9%) 0 (0%) 24 (7.3%) 0.624
Electrocardiogram abnormalities 80 (23.0%) 0 (0%) 80 (24.3%) 0.017
Electroencephalogram 102 (29.4%) 9 (50%) 93 (28.3%) 0.049
Brain CT or MRI 188 (54.2%) 12 (66.7%) 176 (53.5%) 0.275
Admission heart rate (beats/min) 74 £ 11 798 7311 0.036
Admission systolic blood pressure (mmHg) 120+ 18 116 £ 18 120+ 18 0.437
Admission diastolic blood pressure (mmHg) 7510 73£10 7510 0.358
Blood hemoglobin (g/L) 135+ 16 13515 135+ 16 0.848

Data are presented as the mean * standard deviation or the number and percentage. P values are based on 7 tests or y? tests.
CT, computed tomography; MRI, magnetic resonance imaging.
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Table 2 Syncope Characteristics According to Tilt-Test Results.

Characteristic Negative Positive P
Mixed Cardioinhibitory Vasodepressor
Number of patients 18 171 89 69
Presence of prodrome 13 (72.2%) 135 (78.9%) 65 (73.0%) 50 (72.5%) 0.778
Presence of triggers® 15 (83.3%) 128 (74.8%) 68 (76.4%) 49 (71.0%) 0.578
Syncope duration (n = 16, n = 142, n = 80, and n = 60, respectively) 0.642
<1 min 8 (50%) 67 (47.2%) 44 (55%) 23 (38.3%)
1-10 min 5 (31.2%) 60 (42.2%) 27 (33.8%) 27 (45%)
>10 min 3 (18.8%) 15 (10.6%) 9 (11.2%) 10 (16.7%)
Syncope episodes 0.291
<2 times 11 (61.1%) 78 (45.6%) 51 (57.3%) 30 (43.4%)
>3 times 7 (38.9%) 93 (54.4%) 38 (42.7%) 39 (56.6%)
Heart rhythm® (n = 18, n =163, n = 81, and n = 63, respectively) 0.004
Sinus rhythm 18 (100%) 88 (54.0%* 41 (50.6%)* 60 (95.2%)*"
Junctional escape rhythm 0 (0%) 63 (38.6%)* 39 (48.1%)* 0 (0%)*"
Accelerated rhythm 0 (0%) 12 (7.4%)* 1 (1.2%)* 3 (4.8%)%

Data are presented as the number and percentage. P values are based on y? tests.
“Including pain, after exercise, positional change of prolonged standing, after micturition or defecation, during or after a meal,
alcohol use, emotional stress, crowded or hot places, etc.
P < 0.05 for positive group, ‘P < 0.05 versus negative, *P < 0.05 versus mixed, "P < 0.05 versus cardioinhibitory.

Proportion of patients (%)
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Figure 1 Proportion of Patients with Different Syncope Patterns at Different Stages.
P =0.021 for groups receiving isoproterenol at 1, 3, or 5 pg/min, P = 0.322 for mixed versus cardioinhibitory, P = 0.070 for
mixed versus vasodepressor, and P = 0.019 for cardioinhibitory versus vasodepressor.
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Table 3 Heart Rate and Blood Pressure Derived from the Simplistic Tilt Test According to Head-up Tilt Test Results.

Characteristic Negative Positive P
Mixed Cardioinhibitory Vasodepressor
Number of patients 16 149 79 56
HR in supine position (S ) 76 £ 12 67117 68 £ 107 70£ 13 0.006
HR in 70° position (T )" 86t 15 75 £ 137 T7£13, 82 £ 17+ 0.010
HR difference (T,-S )’ 11+11 9410 9+10 12 £ 104 0.595
SBP in supine position 115+ 18 116 £ 16 118+ 17 115+ 16 0.671
DBP in supine position 75+ 11 74+ 10 75+13 73+ 10 0.683
SBP in 70° position 117 £ 20 118+ 15 120 £ 18 115+ 17 0.814
DBP in 70° position 82+ 18 78 £10 79t 14 76 £ 12 0.171
SBP/HR ratio in supine position 1.53+£0.25 1.77 £ 0.34 1.77 £ 0.34 1.69£0.30 0.305
DBP/HR ratio in supine position 1.00£0.15 1.12 £0.20° 1.11 £0.22° 1.08 £0.19 0.395
SBP/HR ratio in 70° position 0.96 £0.18 1.07 £ 0.20 1.05 +£0.27° 0.97 £ 0.22%¢ 0.015
DBP/HR ratio in 70° position 1.37£0.21 1.62 £0.33° 1.62 £ 0.39° 1.46 +0.33%8 0.009
SBP difference (T ,-S ) 26+13.1 22+82 20+8.7 -0.29+£ 10 0.739
7.4+ 14.8 49£6.0 4.0£9.6 32174 0.142

DBP difference (Tp - Sp)

Data are presented as the mean = standard deviation or the number. One-way ANOVA with the least significant difference
post hoc test was used for positive subgroups, and the 7 test was used for comparison between positive group along with each

subgroup and negative group.

DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
P < 0.05 within positive group, * /P < 0.05 versus negative, *P < 0.05 versus mixed, *P < 0.05 versus cardioinhibitory.

in both the supine position and the tilted position
and than vasodepressor patients in the tilted posi-
tion. However, no significance of BP/HR ratios
was found between vasodepressor and negative
patients. The vasodepressor group had the largest
HR difference from the supine position to the tilted
position during the STT. The smaller the HR differ-
ence, the higher the isoproterenol dosage needed to
induced a positive response (Table 4). SBPs in the
tilted position and the SBP difference for the STT
were significantly higher in the medium-dosage and
high-dosage stages than in the low-dosage stage.
Furthermore, patients with higher BP/HR ratios in
the tilted position needed a higher dosage of isopro-
terenol to induce syncope.

Predictive Roles of BP, HR, and BP/HR
Ratios Derived from ABPM

With the exception of the mean DBP/HR ratio
during the whole day (P=0.057), the other BP/
HR ratios derived from ABPM were significantly
higher in the positive group than in the negative
group (Table 5). Furthermore, BP/HR ratios were
significantly higher in the cardioinhibitory group

than in the negative group in the daytime, at night-
time, and during the whole day, while significances
were observed only at nighttime between negative
and mixed response patients. No significance was
demonstrated in BP/HR ratios between negative and
vasodepressor patients. The higher the mean SBP or
DBP, the higher the isoproterenol dosage needed to
induce a positive response in the daytime, at night-
time, or during the whole day (Table 6). However,
there were no significant differences in the mean BP/
HR ratios among syncope stages. Similarly, mean
BP/HR ratios were higher in the positive group than
in the negative group at each time point, although
the difference was not significant (Figure 2A1-A3).
Mean BP/HR ratios to predict syncope patterns
were also observed at each hour (Figure 2B1-B3),
while significant differences in BP were also found
at each time point among syncope stages (Figure
2C1-C3). Almost no significance of ABPM-derived
mean HR was found between positive and nega-
tive groups, among syncope subtypes, and among
syncope stages. However, the distribution of HR at
each time point had a significant difference between
positive and negative groups, among syncope pat-
terns, and among syncope stages.
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Table 4 Heart Rate and Blood Pressure Derived from the Simplistic Tilt Test According to Syncope Stages.

Characteristic Isoproterenol P
1 pg/min 3 pg/min 5 pug/min

Number of patients 39 189 50

HR in supine position (S ) 68 £ 13 6710 7013 0.354
HR in tilt 70° position (Tp) 8117 77113 76 + 14 0.094
HR difference (T ,-S ) 13+12 10+ 10 6+ 8" 0.011
SBP in supine position 113 £15 116 £ 16 119+ 16 0.306
DBP in supine position 72+ 12 74 £ 11 76+ 12 0.184
SBP in 70° position 110+ 15 119 £ 16" 121 +15° 0.010
DBP in 70° position 73+ 11 79t 11 80+ 11 0.061
SBP/HR ratio in supine position 1.69 £0.38 1.77£0.32 1.76 £0.33 0.447
DBP/HR ratio in supine position 1.06 £0.22 1.12£0.20 1.12+£0.22 0.331
SBP/HR ratio in 70° position 1.44+£0.40 1.60 £0.34 1.67 £0.34 0.008
DBP/HR ratio in 70° position 0.96 £0.25 1.05£0.21° 1.11 £0.24" 0.009
SBP difference (T -S ) -23%93 25+8.5" 2.1+8.3" 0.010
DBP difference (T —-S ) 1.6 £10.0 50x6.8 4.1+6.8 0.260

Data are presented as the mean = standard deviation or the number. P values are based on one-way ANOVA with the least
significant difference post hoc test within subgroups.
DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.

‘P < 0.05 versus isoproterenol at 1 pg/min, 'P < 0.05 versus isoproterenol at 3 pg/min.

Table 5 Mean Blood Pressure, Mean Heart Rate, and their Ratios Derived from Ambulatory Blood Pressure Monitoring
According to Tilt-Test Results.

Characteristic Negative Positive P
Mixed Cardioinhibitory Vasodepressor
Number of patients 3 29 12 15
SBP in daytime 118+ 15 118+ 13 123+ 17 112+ 16 0.996
DBP in daytime 72+4 7518 78 £ 12 72+ 11 0.606
HR in daytime 84 +9 757 72+ 10 80+ 148 0.098
SBP/HR ratio in daytime” 1.40 £ 0.01 1.60 £ 0.21 1.75 £ 0.297 1.42 £ 0.20%% <0.001
DBP/HR ratio in daytime” 0.83 £ 0.06 1.01+£0.14 1.11£0.17° 0.93+0.11% 0.040
SBP at nighttime 100+ 9 109 £ 13 112+ 16 104 £ 16 0.305
DBP at nighttime 59+6 69+9 68 £ 12 66t 11 0.116
HR at nighttime 74+ 12 6217 62+ 10 67+ 10 0.232
SBP/HR ratio at nighttime” 1.37 £ 0.06 1.77 £ 0.237 1.85+£0.387 1.58 £ 0.30%% 0.024
DBP/HR ratio at nighttime 0.80+0.10 1.11£0.17° 1.13 £ 0.20° 0.98+0.16 0.007
SBP all day 114+ 13 116 £ 12 119+ 17 110+ 15 0.859
DBP all day 69+4 73£8 75+ 12 7111 0.487
HR all day 80£9 707 68 £ 10 75+ 12 0.148
SBP/HR ratio all day” 1.43 +£0.06 1.65+£0.22 1.80 £ 0.337 1.49 £ 0.24% 0.001
DBP/HR ratio all day” 0.87 £ 0.06 1.04 £0.15 1.12+£0.187 0.96 £ 0.13¢% 0.057

Data are presented as the mean = standard deviation or the number. One-way ANOVA with the least significant difference
post hoc test was used for the positive group with subgroups; the ¢ test was used for comparison with the negative group.

DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
P < 0.05 within positive group, 'P < 0.05 versus negative group, P < 0.05 versus mixed, *P < 0.05 versus cardioinhibitory.
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Table 6 Mean Blood Pressure, Mean Heart Rate and their Ratios Derived from Ambulatory Blood Pressure Monitoring
According to Syncope Stages.

Characteristic Isoproterenol P
1 pg/min 3 pg/min 5 pg/min

Number of patients 14 31 6

SBP in daytime 111 +15 117 £ 13 136 £ 147 0.002
DBP in daytime 70£9 75+ 10 86 £ 8" 0.002
HR in daytime 7319 74 £8 82 £ 15% 0.100
SBP/HR ratio in daytime 1.56 £0.35 1.61 £0.20 1.68 £0.23 0.585
DBP/HR ratio in daytime 0.99+0.20 1.03+0.13 1.08 £0.12 0.418
SBP at nighttime 107 £ 15 106 + 13 124 + 127 0.027
DBP at nighttime 66+9 66+9 81 + 8" 0.003
HR at nighttime 6219 62+38 66+ 13 0.506
SBP/HR ratio at nighttime 1.76 £ 0.35 1.74 £0.28 1.90 £ 0.22 0.474
DBP/HR ratio at nighttime 1.08 £0.22 1.08 £0.17 1.25+0.10 0.098
SBP all day 110t 14 114 £ 12 132 £ 13" 0.002
DBP all day 69138 72+9 86+ 7" 0.001
HR all day 6919 69+38 76 £ 14 0.206
SBP/HR ratio all day 1.62+0.35 1.66+0.22 1.77+0.26 0.552
DBP/HR ratio all day 1.02+£0.22 1.04 +0.14 1.15+0.10 0.258

Data are presented as the means * standard deviation or the number. P values are based on one-way ANOVA with the least

significant difference post hoc test within subgroups or y? tests.

DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.
‘P < 0.05 versus isoproterenol at 1 pg/min, 'P < 0.05 versus isoproterenol at 3 pg/min.

Correlation of BP/HR Ratios between
ABPM and the STT

Overall, there were significant differences in SBP/
HR ratios between the STT in the supine position
and ABPM in the daytime, at nighttime, and dur-
ing the whole day, while for syncope subtypes,
significant differences were found between the
STT in the supine position and ABPM in the day-
time, at nighttime, and during the whole day in
mixed and vasodepressor patients but not cardio-
inhibitory patients (Table 7). There were signifi-
cant differences in SBP/HR ratios between the
STT in the tilted position and ABPM in the day-
time, at nighttime, and during the whole day but
not in any syncope pattern. For DBP/HR ratios,
significant differences were also demonstrated
overall and in mixed and vasodepressor groups
but not in the cardioinhibitory group between
the STT in the supine position and ABPM in the
daytime, at nighttime, and during the whole day
(Table 8). Furthermore, significant correlations of
the DBP/HR ratio were found overall and in the

cardioinhibitory group between the STT in the
tilted position and ABPM in the daytime, at night-
time, and during the whole day.

Discussion

The detailed medical history, physical examination,
including supine and standing BPmeasurements, and
electrocardiogram are usually used for diagnosis of
VVS. However, additional tests may be performed
for specific features that need further evaluation.
Echocardiogram, angiogram, electrophysiological
study as well as electroencephalogram, computed
tomography and magnetic resonance imaging of the
brain are not recommended for causal diagnosis of
syncope, unless patients have specific features that
need further evaluation [4, 5]. Our findings further
demonstrated that the aforementioned tests have
low diagnostic yield and very high cost for diag-
nosis. Therefore, it is meaningful to avoid costly or
invasive tests in patients without a complete evalu-
ation with simple methods.
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Figure 2 The Trend of Parameters from Ambulatory Blood Pressure (BP) Monitoring According to Head-up Tilt Test

Results at Each Hour.

(A1) Mean systolic BP (SBP) and diastolic BP (DBP) according to positive and negative response. (A2) Mean heart rate
according to positive and negative response. (A3) Mean ratios of SBP and DBP to heart rate according to positive and
negative response. (B1) Mean SBP and DBP according to syncope patterns. (B2) Mean heart rates according to syncope
patterns (P =0.670 for mixed vs. cardioinhibitory, P = 0.032 for mixed vs. vasodepressor, and P = 0.040 for cardioinhibitory

vs. vasodepressor). (B3) Mean ratios of SBP to heart rate (P =

0.116 for mixed vs. cardioinhibitory, P = 0.013 for mixed vs.

vasodepressor, and P = 0.001 for cardioinhibitory vs. vasodepressor, and mean ratios of DBP to heart rate (P =0.176 for

mixed vs. cardioinhibitory, P = 0.018 for mixed vs. vasodepressor, and P = 0.003 for cardioinhibitory vs. vasodepressor)
according to syncope patterns. (C1) Mean SBP (P = 0.241 for medium-dosage isoproterenol [L-IP] vs. medium-dosage
isoproterenol (M-IP), P =0.001 for L-IP vs. high-dosage isoproterenol (H-IP), and P = 0.005 for M-IP vs. H-IP) and mean DBP
(P=10.355 for L-IP vs. M-IP, P = 0.000 for L-IP vs. H-IP, and P = 0.001 for M-IP vs. H-IP) according to syncope stages. (C2)
Mean heart rates according to syncope stages. (C3) Mean ratios of SBP and DBP to heart rate according to syncope stages.

C, cardioinhibitory; M, mixed; V, vasodepressor.

The HUTT is widely accepted as a useful tool
to demonstrate the susceptibility of a vasovagal
response to a change from the supine position to the
tilted position. If the diagnosis is unclear after ini-
tial evaluation, the HUTT can be useful for patients
with suspected VVS [5]. The HUTT for the diag-
nosis of VVS is useful and should not be abolished
[6]. There was a positive response in 94.8% of our
selected patients, and more than half of positive reac-
tions occurred with a isoproterenol infusion dosage
of 3 png/min. Overall, mixed vasovagal response is
the commonest syncope pattern. The prevalence of
syncope pattern is inconsistent with another study
[7], and difference in age and population selection

might partly account for the phenomenon. However,
the HUTT is somewhat time-consuming and expen-
sive for diagnosis in busy clinical settings, and thus
the STT and ABPM explored in the present study
may be used as alternative tools in the clinical diag-
nosis of VVS.

Syncope during the HUTT seemed to be preceded
by increased sympathetic activity manifested
by an increase in HR as well as by a decreased
parasympathetic tone before the episode [8]. A
prediction algorithm using simultaneous analysis
of HR and SBP during the HUTT has been found
to be a clinically relevant tool and could have
applications, including providing a patient alarm,
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shortening the tilt-test time, and triggering pacing
intervention in implantable devices [9, 10]. Other
studies also demonstrated that HR and BP are use-
ful parameters for the prediction of VVS subtypes
during the HUTT [9, 11]. As for other findings
[2], the present study revealed that patients with
a positive test result had significantly lower HR
during the STT. Significantly lower HRs mainly
account for mixed and cardioinhibitory patterns
rather than negative and vasodepressor patients.
The changes in BP from the STT are different
from those in pediatric VVS patients [12], sug-
gesting different mechanisms account for different
age groups. Consistent with other findings [13],
changes in HR during the STT tended to be larger
in vasodepressor patients than in mixed and car-
dioinhibitory patients, with the largest HR differ-
ence occurring in vasodepressor patients. Resting
SBP was higher in cardioinhibitory patients than
in vasodepressor patients during the STT, which
is consistent with other findings [13]. Our findings
demonstrated that BP/HR ratios in the tilted posi-
tion could predict a positive response and when
syncope would happen. The higher the BP/HR
ratio in the tilted position, the greater possibility
of a cardioinhibitory pattern and the higher the
isoproterenol dosage needed to induce an episode.
The larger the HR difference during the STT, the
shorter the time to the occurrence of syncope. BP/
HR ratios in the 70° position during the STT may
be used as good predictors of a positive response,
especially to indicate the cardioinhibitory pattern,
as well as to predict the time when syncope will
occur. In contrast, HR difference and SBP differ-
ence during the STT may predict syncope stages
but not syncope patterns. These findings sug-
gest that a prediction algorithm using simultane-
ous analysis of HR and BP from the STT may be
favored for use in a busy clinical practice and free
patients from experiencing syncope during the
HUTT, even as an alternative to the expensive and
time-consuming HUTT.

Although ABPM is generally not diagnosti-
cally helpful in patients who experience syncope,
it does play a role in the monitoring of hypoten-
sion as well as therapeutic interventions [4, 14].
ABPM may help identify larger patients at high
risk of syncope episodes and whether BP is low
during syncope episodes [4, 15], and be used as a
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noninvasive tool for exclusion of postural hypo-
tension that is more sensitive than the HUTT [16].
However, little is known about ABPM-derived BP,
HR, and BP/HR ratios for predicting HUTT results
in VVS patients. Our present study demonstrates
that mean BP/HR ratios differed between posi-
tive and negative groups in the daytime, at night-
time, during the whole day, and at each time point.
Furthermore, our study also demonstrates that BP/
HR ratios were significantly higher in cardioin-
hibitory patients but not vasodepressor patients
in comparison with the negative group in the
daytime, at nighttime, and during the whole day.
The mean SBP in the daytime was indistinguish-
able between the positive and negative groups, but
was significantly lower than in the control group
in another study [17]. The derivative of the ratio
between R-R interval and SBP was also dem-
onstrated to be able to predict the occurrence of
syncope in all three patterns of VVS in advance
during the HUTT [18]. Predicting the occurrence
of syncope in advance during the HUTT could be
useful to prevent complications associated with
the procedure, particularly in patients without any
prodrome. Our findings demonstrate that the lower
the ABPM-derived BP, the earlier the time of
occurrence of syncope. Additionally, patients with
higher BPs at each time point usually have a posi-
tive response with the need for high-dosage iso-
proterenol. It is anticipated that BP/HR ratios may
be better predictors of the presence and pattern of
VVS, while BP should be used to predict the time
when syncope will happen during the HUTT.

Our findings further demonstrate that there are
significant correlations of BP/HR ratios between
ABPM and the STT. For syncope patterns, our
findings firstly demonstrated that the correlation
of SBP/HR and DBP/HR ratios in the supine posi-
tion and ABPM may indicate a vasodepressor pat-
tern, while the correlation of DBP/HR ratio in the
tilted position and ABPM may suggest a cardioin-
hibitory subtype. Furthermore, the mixed pattern
shares features of correlations of both vasodepres-
sor and cardioinhibitory patterns between ABPM
and the STT. It is obvious that different syncope
patterns share different BP/HR ratios and different
correlative patterns between ABPM and the STT.
These findings suggest that BP/HR ratios derived
from ABPM may be used in combination with the
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STT to provide valuable information in the diagno-
sis of VVS, especially in the discrimination of car-
dioinhibitory patients from vasodepressor patients.
However, a larger population with control groups
is needed to explore diagnostic cut-points of these
parameters from ABPM and the STT for manage-
ment of VVS.

For extra information, please see the supplemen-
tary Figures S1-S3 online and also the supplemen-
tary information for Tables 3—6.

Limitations

The cross-sectional and single-center nature
is an important limitation of the present study.
Additionally, that fewer patients in the negative
group and not all patients had ABPM are other
limitations of the present study. Attention should
also be paid to the gap between the minimum and
the maximum ages in the present study because
age can sometimes affect the mechanisms and
patterns of syncope. Finally, the cut-points for
the diagnosis of VVS from both ABPM and the
STT could not be provided because of the small
population.
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In summary, the STT providing diagnostic para-
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cal settings. BP/HR ratios derived from ABPM may
be better predictors of the presence and pattern of
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predict the time when syncope will happen. It is
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noninvasive diagnostic method in combination with
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cially in patients refusing to have the HUTT and in
busy clinical settings.
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