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Abstract

Introduction Patients with vasovagal syncope (VVS) and positive tilt table test (TTT) were not
found to benefit from pacing in the ISSUE-3 trial despite the presence of spontaneous asystole
during monitoring. “Hypotensive susceptibility” unmasked by TTT was reported as a possible
explanation. The purpose of this study was to assess the pathophysiologic mechanisms
associated with hypotensive susceptibility.

Methods 366 consecutive patients with the diagnosis of VVS who also had TTT were identified.
Baroreflex gain (BRG) in addition to blood pressure (BP) and heart rate (HR) responses during
the first 20 minutes of TTT were analyzed and compared between patients with positive TTT
(n=275, 75%) and negative TTT (n=91, 25%).

Results Mean BRG was similar between the groups (12.5£6.3 ms/mmHg versus 12.4+6.3
ms/mmHg, p=0.72); however, an age dependent decrease was noted (17.6+4.8, 15.0+6.0,
10.6+4.2, 10.3£6.4, and 9.9+8.5 ms/mmHg for patients <21, 21-40, 41-60, 61-80 and >80 years
old, respectively; p<0.001). In addition, we saw a main effect of age on the type of response with
a greater prevalence of a vasodepressor response in older subjects (p<0.001). During the first 20
minutes of TTT, BP was similar in patients with tilt-positive VVVS when compared to patients
with tilt-negative VVS; however, HR was significantly lower.

Conclusion BRG is similar in tilt-positive VVS patients when compared to tilt-negative VVS
patients. An age-dependent decrease in BRG was noted with a higher prevalence of a
vasodepressor response seen in older patients. The clinical significance of the blunted HR
response in tilt-positive VVS remains to be determined.

Keywords: tilt table test; vasovagal syncope; baroreflex gain; blood pressure

ABBREVIATIONS: BP = blood pressure, BRG = baroreflex gain, DBP = diastolic blood
pressure, EF = ejection fraction, HR = heart rate, MBP = mean blood pressure, SBP = systolic
blood pressure, TTT = tilt table test, VVS = vasovagal syncope



Introduction

Vasovagal syncope (VVS) is the most common type of syncope encountered in clinical practice
[29]. While the underlying mechanisms remain poorly defined, the baroreflex has long been
implicated in its pathogenesis with tilt table testing (TTT) remaining the diagnostic test of choice
in patients with suspected VVS [22]. The incidence of positive TTT depends on the clinical
presentation with a higher positivity rate noted in patients with typical symptoms when
compared to patients with atypical symptoms or unexplained syncope [12, 15, 31, 32].

Management of patients with VVS remains a challenge. The third International Study on
Syncope of Uncertain Etiology (ISSUE-3) trial assessed the role of cardiac pacing in patients
above the age of 40 years with neurally-mediated spontaneous asystole [7]. The authors found a
57% reduction in syncope recurrence with pacing therapy (57% versus 25%, p=0.04). In a
subsequent study assessing the utility of TTT in predicting response to pacing, the benefit was
found to be limited to patients with negative TTT [5]. Patients with VVS and positive TTT were
found to derive no benefit from cardiac pacing despite the presence of spontaneous asystole
during monitoring. “Hypotensive susceptibility” unmasked by TTT was reported as a possible
explanation [36]. The authors hypothesized that patients with positive TTT have a significant
vasodepressor response when subjected to orthostatic stress or other challenges such as cardiac
arrhythmias rendering cardiac pacing ineffective.

The purpose of this study was to assess the baroreflex and hemodynamic response during TTT in
patients with tilt-positive and tilt-negative VVS.

Methods

Subjects

We examined retrospectively the medical records of 482 consecutive patients referred to the
Faint and Fall Clinic at the University of Wisconsin Hospital and Clinics between March 2013
and February 2015 for tilt table testing. Inclusion criteria included certain or likely diagnosis of
VVS as defined by the European Society of Cardiology and the Heart Rhythm Society [29, 34]
and the completion of a tilt table test. Exclusion criteria included the presence of cardiac
abnormalities suggestive of cardiac syncope or findings on examination consistent with
orthostatic hypotension as the underlying mechanism of syncope. Additional exclusion criteria
included the presence of cardiac pacing or atrial arrhythmias at the time of tilt table testing or
final diagnosis other than VVVS following TTT including delayed orthostatic hypotension or
psychogenic syncope. A total of 366 patients met the inclusion criteria and form the cohort of
this study. The study was approved by the institutional review board at the University of
Wisconsin.

Tilt table test

Patients underwent TTT according to the University of Wisconsin protocol, a modification of the
Italian protocol [32]. Briefly, after allowing the patient to rest in the supine position for 10
minutes, the table was tilted to 70°. At 20 minutes, patients who did not experience near syncope
or syncope were given 0.3mg of sublingual nitroglycerin. After nitroglycerin administration,
TTT was continued for another 10 minutes. The modified VVasovagal Syncope International
Study (VASIS) classification, which consists of Type 1 (mixed), Type 2A and 2B (cardio-



inhibitory without and with asystole respectively), or Type 3 (vasodepressor) was used to
identify type of response [6].

Measurements

Continuous blood pressure (BP) and heart rate (HR) monitoring were obtained non-invasively
using the Task Force Monitor (CN Systems, Graz, Austria). Baroreflex gain (BRG) was
measured using the Sequence Method [19] while the patient was in the supine position. Briefly,
during the baseline-monitoring period, spontaneously occurring increases or decreases in SBP of
a minimum of 1 mmHg/beat for at least 3 consecutive heartbeats followed by progressive
lengthening or shortening in RR intervals of at least 4 msec/beat respectively were identified. A
regression line between SBP and RR changes for all identified sequences was plotted and the
slopes were averaged and used to represent the sensitivity of arterial baroreflex modulation of
HR. HR decreases and increases following spontaneous increases and decreases in BP have been
shown to be the result of vagal activation and withdrawal respectively, thus making BRG a
reliable measure of vagal control of HR.

BP and HR measurements during tilt table testing were recorded during the entire test; however,
data analysis was limited to the first 20 minutes before the administration of sublingual
nitroglycerin. We limited the data analysis to the first 20 minutes to assess patients’
hemodynamic responses to orthostatic stress independent of drug effects.

Statistical Analysis

Statistical tests were performed using SigmaPlot v13 statistical software (Systat Software, Inc,
San Jose, CA). One-way ANOVA was used to detect the effect of age on BRG and to assess for
significant differences in BRG, BP and HR responses between patients with a cardio-inhibitory
response (VASIS Type 2A and 2B) and those with a mixed (VASIS Type 1) or vasodepressor
(VASIS Type 3) responses. Post-hoc multiple comparisons (Dunn’s Method) were used where
appropriate. Two-way repeated measures ANOVA was used to assess for statistically significant
differences in BRG, BP and HR responses during the first 20 minutes of TTT between tilt-
positive and tilt-negative VVS patients. Chi-square tests were used to determine if proportions in
the various categories were different. P-values less than 0.05 were considered statistically
significant. All study data are expressed as mean + SD.

Results

Patients' Characteristics

The mean age was 48+20 years. Two hundred and seventy-five patients (75%) had a positive
TTT (tilt-positive VVS group; mean age 50+£21) and 91 patients had a negative TTT (tilt-
negative VVS group; mean age 42+18). The mean age and prevalence of hypertension were
significantly higher in the tilt-positive VVS group when compared to the tilt-negative VVS
group (p<0.01 and p<0.05 respectively). Mean BRG was similar in the tilt-positive and tilt-
negative VVS groups (12.5+6.3 ms/mmHg versus 12.4+6.3 ms/mmHg, p=0.72). A summary of
the clinical characteristics and BRG measurements is provided in Table 1.

In the tilt-positive VVS group, 33 (12%), 161 (59%) and 81 (29%) patients had a cardio-
inhibitory, mixed and vasodepressor response, respectively. The mean ages were 40+12, 48+19,



and 59+22 years old, respectively. Patients with a vasodepressor response were significantly
older than patients with a cardio-inhibitory or mixed response (p<0.001). The mean BRG values
in the 3 groups were 14.5+6.2, 12.6+6.2, and 11.5+6.4 ms/mmHg, respectively. Patients with a
vasodepressor response had a significantly lower mean BRG when compared to patients with a
cardio-inhibitory response (p=0.03). A summary of the clinical characteristics and BRG
measurements in the various subgroups of patients with tilt-positive test is provided in Table 2.

Effects of Age on BRG and Responseto TTT

Age had a significant effect on BRG measurements and response to tilt table testing. BRG
decreased with increasing age with mean BRG values of 17.6+4.8, 15.0+6.0, 10.6+4.2, 10.316.4,
and 9.948.5 ms/mmHg in patients <21, 21-40, 41-60, 61-80 and >80 years old, respectively;
p<0.001 (Figure 1). The same trend was noted in tilt-positive and tilt-negative VVS patients
(p<0.001 and p=0.002 respectively). Concomitant with the decrease in BRG, the prevalence of a
vasodepressor response increased in older subjects (p<0.001)(Figure 2). Overall, the positivity
rate for tilt table testing was not different among the various age groups; however, the proportion
of patients who had a positive TTT without NTG decreased with age (p=0.008)(Figure 3).

Hemodynamic response during the first 20 minutes of tilt table testing in patients with tilt-
positive and tilt-negative VVS

When including all patients with positive tilt table test, BP during the first 20 minutes of tilt table
testing was similar in patients with tilt-positive VVS when compared to patients with tilt-
negative VVS except for SBP at 10 minutes (p=0.04). There were no significant differences in
DBP (p=0.17) or MBP (p=0.08) at all measured time points (Figure 4A). The HR response
however, was significantly lower at all measured time points (Figure 4B).

In the tilt-positive VVS group, 54 patients had a positive test during the first 20 minutes of tilt
table testing i.e. did not require the administration of nitroglycerin. Theoretically, the decrease in
HR associated with mixed or cardio-inhibitory responses in these patients might explain the
above findings of decreased mean HR response in the tilt-positive VVS group. To investigate
that possibility, we repeated the analysis after the exclusion of these patients. The above findings
related to BP and HR responses remained unchanged.

Discussion

In the present study, we assessed the pathophysiologic mechanisms associated with hypotensive
susceptibility in patients with the clinical diagnosis of VVS. Unlike previous studies but similar
to the ISSUE-3 trial, we included only patients with the final diagnosis of VVS. We found that 1)
patients with tilt-positive VVS have a BRG similar to patients with tilt-negative VVS, 2) aging
was associated with a decrease in BRG and an increase in the prevalence of a vasodepressor
response, and 3) the HR response during the first 20 minutes of tilt before NTG administration
was lower in patients with tilt-positive VVS when compared to patients with tilt-negative VVS
with no significant changes in BP. Our results suggest that hypotensive susceptibility is not due
to impairment of the baroreflex and that HR response during tilt table testing might play a role in
determining outcome.

Pathophysiology of TTT induced syncope



The normal physiologic response to orthostatic stress consists of a decrease in venous return and
a reflex increase in HR and BP [3, 9, 30]. In patients who go on to develop near syncope or
syncope, acute systemic vasodilatation triggered by forceful cardiac contractions is believed to
be the underlying mechanism. This hypothesis has been supported by several studies showing
reduction in cardiac volume, increase in fractional shortening [2, 3, 9, 30], forearm vasodilatation
and loss of sympathetic tone during syncope [1, 11, 26, 27, 33, 40]. Increased vagal tone
resulting in bradycardia and asystole plays a role but is not always present during reflex syncope
[28].

Recently, the above hypothesis has been challenged by studies showing that sympathetic
withdrawal was not a pre-requisite for syncope [8, 14, 38]. Indeed, more than 2 decades ago,
VVS was reported in heart transplant recipients and more recently several investigators made the
observation that decreases in cardiac output contributed to the hypotension independent of
reflex-mediated changes [14, 20, 39]. Fu et al. showed that up to one third of subjects with tilt
induced pre-syncope had a severe drop in cardiac output with no change in total peripheral
resistance. The decrease in cardiac output was thought to be due to a reduction in preload and
stroke volume with or without associated bradycardia. The decrease in cardiac output hypothesis
helps explain the significant incidence of positive tilt table test in patients with no history of
reflex syncope such as control subjects and in patients with clear arrhythmic etiology.

In patients with the clinical diagnosis of VVS, TTT is positive in the majority of patients but not
all of them. Brignole and Sutton introduced the concept of "hypotensive susceptibility” as a
possible explanation for the differences between patients with tilt-positive and tilt-negative VVS
[36]. The authors suggested that patients with positive TTT have a greater vasodepressor
response during spontaneous events when compared to patients with negative TTT. Therefore,
even in the presence of spontaneous reflex-mediated asystole, these patients are less likely to
benefit from pacing [4, 5]. This hypothesis was generated after learning from the ISSUE-3 trial
that patients with positive TTT derived no benefit from cardiac pacing. The underlying
mechanisms for the different responses between tilt-positive and tilt-negative VVS patients
however, remain poorly defined.

Present study

In the present study, the incidence of positive TTT was 75% consistent with previously
published studies in patients with established or likely VVS (65%-73%) [12, 15, 31] but higher
than reported in the ISSUE-3 trial (56%) [5]. When comparing BRG among the groups, we
found no difference between tilt-positive and tilt-negative VVS patients. Our results are in
contrast with those from Shinohara et al. who found that baroreflex sensitivity indices were
significantly lower in tilt-positive patients when compared to tilt negative patients (6.1+5.5
mmHg/s versus 9.8+7.6 mmHg/s, P = 0.02) [35] but are aligned with the study by Klemenc et al.
where baroreflex sensitivity was found to be similar in patients with tilt-positive and tilt-negative
VVS [23]. The different results are best explained by the different patients’ characteristics
including age, clinical presentation and time of BRG assessment. We have also found a
relationship between age, BRG measurements and response to TTT. Previously, our group made
a similar observation in all patients referred for tilt table test. The results of this study, which
included only patients with VVS, reinforce our previous observation. It is generally accepted that
the sympathetic component of the baroreflex remains intact with aging [10, 25], while the



cardiovagal response might decrease [16, 17]. Therefore, our results of a decrease in BRG with
age could be explained by either the presence of a blunted efferent cardiovagal response of the
reflex arc or intrinsic sinus node disease [21]. Our findings of the relationship between age and
type of tilt response are aligned with the work of Kurbaan et al. who showed that age was
associated with greater prevalence of a vasodepressor response in older patients (>65 years; OR
29.5, p <0.0001) [24].

Our findings of no difference in BRG between tilt-positive and tilt-negative VVS support a lesser
role of the baroreflex in determining outcome during tilt in patients with VVS and favor a greater
contribution of a drop in cardiac output in the development of hypotension. Indeed, the presence
of a blunted HR response in subjects with positive TTT supports the hypothesis that tilt-induced
hypotension is primarily due to a drop in cardiac output with the HR playing a role. It is
important to note that the blunted HR response was still present after excluding patients who had
a positive TTT during the first 20 minutes of tilt table testing. Therefore, our findings are not due
to the bradycardia present in patients with cardio-inhibitory or mixed responses during tilt table
testing.

There are several possible explanations for the blunted HR response. One possible mechanism is
greater HR variability during TTT in patients with tilt-positive VS when compared to patients
with tilt-negative VVS with progressive increases in variability until the occurrence of syncope.
Theodorakis et al. had previously shown that HR variability defined as standard deviation (SD)
of the mean RR interval and %SD were higher at the 10th minute of tilt testing in patients with
VVS when compared to a control group [37]. Hausenloy et al. demonstrated that the presence of
oscillations in BP during tilt table testing was a predictor for VVS with a sensitivity and
specificity of 88% and 40% respectively [18]. Another possible explanation for the decreased
mean HR is sinus node dysfunction. The mean age of tilt-positive VVS patients was significantly
higher than the mean age of tilt-negative VVS supporting this hypothesis (50+£21 versus 42+18,
p<0.01). Folino et al. evaluated the effect of age on tilt results in patients undergoing TTT for
unexplained syncope [13]. The authors found that patients with ages 31-50 years and >50 years
old had a lower increase in HR during the first 20 minutes of tilt table testing when compared to
patients younger than 30 years old. In another study by Kurbaan et al., the authors made a similar
observation that age was associated with blunted HR response when compared to younger
patients (OR 1.04, p<0.0002) [24]. Therefore, the observed blunted HR response might very well
be related to age although its role in determining outcome remains unclear.

Limitations

This was a retrospective study with all the limitations associated with such analysis. The BRG
measurement is an assessment of the HR response to fluctuations in BP, which is vagally-
mediated and may not correlate with the sympathetic response to orthostatic stress. Lastly, the
tilt-positive VVS patients were significantly older than the tilt-negative VVS patients. While age
might help explain the TTT results, mean BRG measurements were similar between the groups
and all patients carried the diagnosis of VVS.

Conclusion
Our findings suggest that patients with VVS and positive tilt i.e. hypotensive susceptibility have
no evidence of impairment of the baroreflex. An age-dependent decrease in BRG with a higher



prevalence of a vasodepressor response was noted in older patients. While BP response was
similar during the first 20 minutes of tilt testing, the HR response was blunted in tilt-positive
VVS patients when compared to tilt-negative VVS patients. The clinical significance of the
blunted HR response in tilt-positive VVS remains to be determined.
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Table 1. Patients' characteristics

ALL VVS Tilt-Positive Tilt-Negative (H)vs ()

n=366 n=275 n=91 p-values
Mean age (y) 48+20 5021 42+18 0.002
Gender (M/F) 127/239 93/182 34/57 0.63
Mean EF (%) 64+4 6445 6515 0.14
Diabetes: n (%) 21 (6) 14 (5) 7(8) 0.51
Hypertension: n (%) 86 (23) 72 (26) 14 (15) 0.05
Prodromes Present: n (%) 239 (65) 173 (63) 66 (73) 0.12
Multiple Events: n (%) 114 (31) 90 (33) 24 (26) 0.32
Autonomic Symptoms: n (%) 214 (58) 120 (44) 32 (35) 0.19

Medications:

Beta-blockers: n (%) 79 (22) 56 (20) 23 (25) 0.40
Ca** Channel Blockers: n (%) 8(2) 4 (1) 4 (4) 0.21
Mean BRG (ms/mmHg) 12.51£6.3 12.5+6.3 12.4+6.3 0.72

EF= Ejection fraction; BRG= Baroreflex gain.
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Table 2. Patients' characteristics: (+) TTT

Cardio-

inhibitory Mixed Vasodepressor p-value
n=33 n=161 n=81

Mean age (y) 40+21 48+19 59+22tt <0.001
Gender (M/F) 10/23 55/106 28/53 0.9
Mean EF (%) 654 644 6415 0.22
Diabetes: n (%) 0 (0) 8 (5) 6 (7) 0.26
Hypertension: n (%) 4 (12) 38 (24) 30 (37) 0.01
Heart Failure: n (%) 0 (0) 2 (1) 2(2) 0.57

Medications

Beta-blockers: n (%) 309 29 (18) 24 (30) 0.02
Ca++ Channel Blockers: n (%) 0 (0) 1(1) 34 0.13
Antiarrhythmic Drugs: n (%) 0 (0) 1(2) 34 0.03
BRG (ms/mmHg) 14.5+6.2 12.6+6.2 11.5£6.4% 0.03

AF= atrial fibrillation; EF= ejection fraction. P-values provided comparing all 3 groups (ANOVA).
1Dunn's post-hoc comparison differs from Cardio-inhibitory (Type2) response. tDunn's post-hoc

comparison differs from Mixed (Type 1) response.
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Figure 1
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Figure 1: Mean baroreflex gain (BRG) measurements are shown as a function of age in all patients (A),
tilt-positive patients (@) and tilt-negative patients (o). One-way ANOVA showed age had a significant
effect on BRG measurements. Mean BRG decreased with increasing age. This relationship was seen in all
patients (p<0.001) and in tilt-positive and tilt-negative patients (p<0.001 and p=0.002, respectively).



Figure 2
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Figure 2: Tilt response according the VASIS classification as a function of age. Each bar represents the
overall percentage of patients who had a positive tilt table test (TTT) in the corresponding age group.
Black, angled lines and white bars represent the percentages with a vasodepressor, mixed and cardio-
inhibitory responses respectively. We observed a significant relationship between age and type of tilt
response with a greater prevalence of a vasodepressor response in older subjects (Chi-square test,
p<0.001).
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Figure 3
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Figure 3: Positivity rates (%) of tilt table testing (TTT) in the various age brackets. Each bar represents
the overall percentage of patients who had a positive TTT in the corresponding age group. Black bars
represent the percentage of patients who had a positive TTT without NTG and white bars represent the
percentage of patients who had a positive TTT after NTG administration. We observed a significant
relationship between age and test positivity rate with and without NTG. As age increased, the positivity
rate without NTG administration decreased (Chi-square test, p=0.008).
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Figure 4A
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Figure 4A: Systolic (SBP, o), Diastolic (DBP, A), and Mean (MBP, o) blood pressure responses during
the first 20 minutes of tilt table testing (TTT) in tilt-positive (e) and tilt-negative (o) VVS patients.
Except for SBP at 10 minutes, there were no differences in BP between the groups. * Indicates a
significant difference in blood pressure between tilt-positive and tilt-negative groups.
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Figure 4B
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Figure 4B: Heart rate (HR) responses during the first 20 minutes of tilt table testing (TTT) in tilt-positive
(@) and tilt-negative (o) VVS patients. The HR was significantly lower in tilt-positive VVS patients when
compared to tilt-negative VVS patients. * Indicates a significant difference in HR between tilt-positive
and tilt-negative groups.
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