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Abstract Aims Normally, arterial baroreceptors attempt to minimize systemic
hypotension by initiating reflex vasoconstriction and tachycardia. However, in the
setting of vasovagal syncope (VVS), these usual compensatory mechanisms either
fail to be triggered or the response is inadequate. We hypothesized that in VVS prone
individuals, arterial baroreceptor response (BRR) is normal under most conditions,
but that a transient functional BRR disturbance occurs during an evolving vasovagal
faint and may in part account for failure of the usual compensatory response.
Methods and results This study assessed BRR in the baseline state and again in as-
sociation with either VVS induced head-up tilt (HUT) or after a prolonged period of
upright posture without VVS. To minimize impact on HUT outcome, BRR was estimat-
ed non-pharmacologically by measuring blood pressure and heart rate changes, in-
duced when subjects were returned to the supine position after undergoing
diagnostic 70° HUT evaluation. Beat to beat heart rate and arterial blood pressure
changes were recorded in 13 patients with syncope and another 16 individuals with
negative HUT (control group). Baseline BRR was initially evaluated at the end of a 3
min symptom free HUT (HUT#1), and the measurement was repeated after a 45 min
duration HUT in the control group or in conjunction with syncope in VVS prone indi-
viduals (HUT#2). Baseline BRR did not differ significantly in controls and VVS prone
individuals (controls: 3.37 £+ 1.56, VVS prone: 6.0 + 2.02 ms/mmHg, p = 0.27). Fur-
ther, at the end of 45 min HUT#2, BRR was unaltered from baseline in control sub-
jects (4.92 + 1.36 ms/mmHg, p = 0.48), but was markedly reduced from baseline
value in individuals who experienced a faint, —3.30 + 0.81 ms/mmHg (p < 0.0003
vs baseline).

Conclusion Compared with individuals who do not manifest VVS during HUT,
VVS prone individuals appear to demonstrate functional diminution of barorecep-
tor responsiveness. This altered response may undermine the normal expected
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compensatory response to evolving systemic hypotension. The basis for this tran-
sient disturbance in baroreceptor responsiveness is currently unknown.
© 2003 The European Society of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Vasovagal syncope occurs as a consequence of the
triggering of a neural reflex resulting in a self-limited
but inappropriate period of both peripheral va-
sodilation (vasodepressor response) and marked or
relative bradycardia (cardioinhibitory response).
The result is a transient period of systemic hypoten-
sion leading to cerebral hypoperfusion with loss of
consciousness and postural tone [1,2].

The pathophysiology of the vasovagal reflex is
only incompletely understood. Nevertheless, the
reflex appears to be composed of an afferent limb
originating from any of a number of possible central
nervous system or peripheral ‘trigger’ sites [3—5],
an efferent limb with both parasympathetic and
sympathetic neural components [6,7], and a baro-
receptor ‘feedback’ limb. The last one is the focus
of interest in this study.

Under most conditions, a normally functioning
baroreceptor system would be expected to com-
pensate for decreasing systemic pressure by in-
creasing the heart rate and initiating increased
vasoconstriction. In vasovagal syncope, however,
the baroreceptor feedback mechanism either fails
entirely to counteract evolving hypotension, or is
only partially effective, resulting in blood pressure
and heart rate oscillations [6,8,9].

The objective of this study was to acquire fur-
ther understanding of the role played by barore-
ceptor feedback in vasovagal fainters. To this
end, we attempted to quantify changes in barore-
ceptor responsiveness associated with head-up tilt
table induced vasovagal syncope (VVS).

Methods

Baroreceptor function was evaluated by measuring
global baroreceptor responsiveness (BRR) using
a non-invasive method analogous to that described
by Takahashi et al. [10]. By using rapid return to su-
pine posture as a means of assessing BRR, we were
able to quantify BRR status as it was ‘set’ at the
moment just before the postural change, and pre-
sumably before it had an opportunity to adjust to
the subject’s new position. This method was cho-
sen in order to permit baroreceptor assessment
without using drug interventions (especially phen-

ylephrine) that would be expected to alter head-
up tilt test outcome. Specifically, BRR was calculated
from linear regression analysis relating changes in
beat to beat systolic blood pressure (SBP) values
with changes in cardiac cycle length (RR intervals)
recorded immediately after return to supine posi-
tion from 70° head-up tilt.

In normal volunteers who were tilted for 20 min,
Takahashi et al. [10] found a linear correlation be-
tween the slope of the regression line and the baro-
receptor sensitivity (BRS) estimate obtained by
a traditional phenylephrine testing method. The
principal difference between the baroreceptor re-
sponse (BRR) measurement technique used in this
study and that reported by Takahashi et al. [10]
was the duration of the exposure to upright posture
prior to returning the table to horizontal position.
The duration of 20-min tilt study employed by
Takahashi et al. would have subjected a significant
number of our vasovagal syncope susceptible pa-
tients to syncope or near syncope. In that circum-
stance, it would not have been possible to obtain
a ‘baseline value’ for BRR in many of our subjects.
Consequently, we chose to use a shorter head-
up tilt (3 min) for estimating baseline BRR (see
later). These methodological differences may ac-
count for differences in baseline BRR values in this
study compared with those reported by Takahashi
et al. [10].

Patients included in the study reported here
comprised consecutive individuals with clinically
suspected vasovagal syncope having a positive
head-up tilt table test, and patients with symptoms
of dizziness, lightheadedness or symptoms of
chronic fatigue but who had no history of syncope
and had a negative head-up tilt study. None of
the subjects included in this study had any evi-
dence of structural heart or cardiovascular disease
by medical history, physical examination, 12-lead
ECG, or echocardiographic assessment when
deemed necessary. Similarly, none of these sub-
jects was diabetic, or exhibited signs of a primary
dysautonomia. The subject subgroup with a nega-
tive tilt study is designated as ‘tilt-negative sub-
jects’. Conversely, individuals with a positive HUT
were designated as ‘tilt-positive’. Among the latter
patients, patient selection was not affected by the
type of HUT response (i.e., cardioinhibitory, vaso-
depressor, or mixed), but individuals with positive
HUT at <3 min were of necessity excluded as it
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was not possible to determine a baseline BRR value
in such cases (see later).

In the present study, BRR was evaluated in each
individual both after 3 min duration head-up tilt
(baseline value, HUT#1), and full duration tilt
(i.e., either 45 min or until syncope occurred,
HUT#2). The 3 min duration in HUT#1 was chosen
in order to obtain an orthostatic challenge compa-
rable to that induced during conventional longer
duration diagnostic head-up tilting, but without in-
duction of syncope. Among tilt-positive subjects,
none exhibited prolonged atrial asystole, but sev-
eral exhibited sinus pauses of >5 s which reversed
upon return to head-down posture. Thus, the tilt-
positive population incorporated individuals with
substantial cardioinhibition.

All studies were conducted with subjects in the
fasting non-sedated state. Written informed con-
sent was obtained. On the study day, all patients
were either in a drug free state or had stopped all
drugs for a period of at least five drug half-lives.
Approximately 30 min prior to the first head-up tilt
test, the right femoral artery was cannulated using
a 4 French side arm sheath for continuous blood
pressure monitoring. Heart rate was continuously
recorded by a computer-based electrophysiology
laboratory system. All data were recorded and
stored on optical disks.
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After obtaining arterial access, a 30—40 min
equilibration period was allowed during which in-
travenous normal saline was infused at 75 ml for
each fasting hour. Thereafter, subjects underwent
head-up tilt at 70° for 3 min. The table was then re-
turned to the horizontal position. Only one patient
developed symptoms during this phase of the study
and data from this patient were excluded from
analysis. Following completion of the 3-min tilt,
a second equilibration period of 40 min was initiat-
ed. Subjects then underwent a second 70° head-up
tilt for a total duration of 45 min or until syncope
occurred.

Data collection and processing

Haemodynamic parameters were recorded by re-
viewing data stored on optical disks. On a beat-
by-beat basis, systolic blood pressure (SBP) and
the subsequent RR interval were measured encom-
passing a time window beginning immediately upon
the subject having been returned to the horizontal
position (“down tilt’) and ending when the blood
pressure achieved a steady state (Fig. 1). In each
case, these same measurements were obtained
for both HUT#1 and HUT#2.

BRR was measured by calculating the slope
of the linear regression line between change in
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Figure 1

Simultaneous electrocardiographic and blood pressure recordings obtained from a HUT positive patient

during induced VVS. Three surface ECG leads are shown (lead Il, lead aVF, and lead Vs), and a femoral artery blood
pressure tracing (ART) is provided. Note: the time window during which baroreceptor sensitivity (BRS) values were
obtained is labelled as ‘‘zone of BRR evaluation’’. This time window occurs immediately following the return of the
table to supine position.
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systolic blood pressure values and change in the sub-
sequent RR intervals following ‘down tilt’. Slopes
with correlation coefficient greater than 0.8 were
included in the analysis [11,12]. BRR values (ob-
tained for both HUT#1 and HUT#2) were compared
within individuals for both tilt-negative subjects
(HUT negative) and patients who had syncope dur-
ing head-up tilt table testing (HUT positive).

Data are presented as mean + standard error
(SEM). Variables were compared using the Stu-
dent’s t-test for paired data and ANOVA. A p value
of <0.05 was considered statistically significant.

Results

Patient population

The study included 29 individuals in whom head-up
tilt testing was undertaken as part of the evalua-
tion for recurrent syncope or presyncopal spells,
dizziness, lightheadedness or fatigue. One patient
was excluded from the study due to development
of syncope during HUT#1 (the 3-min tilt test).
Among the remaining 28 patients, 12 had positive
head-up tilt results (HUT positive group, VVS prone
individuals), while the other 16 subjects had nega-
tive results (HUT negative group). In the HUT posi-
tive group there were six males and six females.
The HUT negative group was composed of 10 males
and six females. Demographic data of the study
population are presented in Table 1.

Head-up tilt study results

All individuals in the HUT negative group under-
went head-up tilt for 45 min without major
haemodynamic changes or symptoms during the
test. In this group, mean BRR values after HUT#1
and HUT#2 were comparable (3.37 +1.56 and
492 + 1.36 ms/mmHg, respectively, p =0.48)
(Table 2 and Fig. 2).

In the HUT positive group (VVS prone individu-
als), tilt test results reproduced clinical symptoms.
All HUT positive patients demonstrated a mixed

Table 1  Study population: demographic data

Study group

HUT (-) HUT (+)
Number of patients 16 12
Mean age (years + SEM) 55 £ 3.85 47 + 4.37
Gender (male/female) 10/6 6/6

Table 2 Individual BRR values (ms/mm Hg) in HUT
negative and HUT positive subjects

HUT (-) HUT (+)

subjects (N = 16) patients (N = 12)

BRR at BRR at BRR at BRR at

3 min 45 min 3 min syncope

14.1 6.25 20.12 —5.86
8.21 8.13 3.53 -1.29
0.77 0.33 5.43 -3.11

-9.0 6.21 2.08 —1.39

10.9 5.5 14.9 —1.6
5.7 6.9 4.1 -5.8
5.4 10.48 -2.6 —8.25
3.9 13.52 2.15 —1.6

-0.8 0.96 2.68 -1.0
2.1 -5.0 15.7 -3.8
0.11 2.98 —0.1 —0.85
0.5 -2.8 4.06 —6.8

—1.08 15.37

14.5 7.11

-2.31 —2.85
0.85 1.09

type response (i.e., both vasodepressor and cardi-
oinhibitory features) during tilt-induced syncope.
After HUT#1, mean baseline BRR in this group was
6.0 + 2.02 ms/mmHg. This value did not differ
statistically from that observed in the HUT nega-
tive group (p =0.27). On the other hand, during

20 -
@
2 154 . 8
[
=
2 10 -
[*3N )]
gt * 1
&# £ 5 T ° & l
= o Y J.
5 2 e ] 8
LR .« 4
(& ] ™ & . i
o o ¢
e -5 1 * °
& .
10 .l . ; ;
| HUT#1 HUTtafz| | HUT#1 HUT#2!
HUT- HUT +

Figure 2 Values of baroreceptor responsiveness (BRR)
obtained from tilt-negative individuals (HUT negative),
and from HUT positive VVS prone patients (HUT positive)
following 3-min tilt (HUT#1), and full duration tilt study
or following syncope (HUT#2) are depicted. Mean +
standard error values are indicated. Note that mean BRR
for both groups are comparable after 3-min tilt. After 45
min duration tilt table study, mean BRR values of the HUT
negative group were similar to those following HUT#1,
however, mean BRR values of the HUT positive VVS prone
group were significantly different (*) after the induced
syncopal episode.
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Table 3 Mean BRR values (ms/mm Hg)

Patient  Mean BRR Mean BRR p value
group at 3 min at syncope

or at 45 min
HUT (-) 3.37 + 1.56 4.92 + 1.36 0.48
HUT (+) 6.0 £ 2.02 —3.30 £ 0.81 <0.0003
p value 0.27 <0.0003

recovery from syncope induced during HUT#2,
mean BRR was —3.3 +0.81ms/mmHg in HUT
positive patients. This latter BRR value differed sig-
nificantly from mean BRR for both groups after
HUT#1 (p < 0.0003) and from mean BRR for the
HUT negative patients’ group after HUT#2
(p < 0.0003) (Table 3 and Fig. 2).

Discussion

The principal finding in this study was the apparent
diminution of global baroreceptor responsiveness
accompanying an evolving vasovagal syncope. Fur-
ther, it appeared that in the absence of VVS, both
tilt-negative subjects and VVS prone individuals ex-
hibited BRR values that did not differ significantly.
Thus, VVS is associated with a transient functional
change in BRR, and this change may in part account
for failure of the baroreceptor system to initiate an
adequate compensatory response in the setting of
an evolving haemodynamic ‘crisis’.

Given the apparently comparable baseline BRR
values of tilt-negative subjects and VVS prone indi-
viduals, it is reasonable to surmise that the BRR
change associated with syncope is a transient phe-
nomenon occurring during specific haemodynamic
circumstances, a conclusion similar to that reached
by Freitas et al. [13]. Thus, when hypotension oc-
curs as a result of a vasovagal reflex, and perhaps
in other forms of neurally mediated syncope as
well, there appears to be a functional disturbance
of the baroreceptor feedback system. The factors
responsible for this observation are currently un-
known.

Normal baroreceptor function

In general terms, venous and arterial baroreceptors
are the haemodynamic sensor portion of the auto-
nomic nervous system. Their function is to monitor
and initiate adjustment of heart rate, vascular
tone, and neuro-endocrine status in order to main-
tain adequate organ blood flow during various phys-
iological and pathological conditions. Thus, during

orthostatic hypotensive stress in normal individu-
als, the autonomic nervous system responds by
initiating parasympathetic ‘withdrawal’ and
sympathetic activation. The result is increased
heart rate, enhanced vasoconstriction, and in-
creased renal salt and water retention [9,14]. On
the other hand, volume loading of the central cir-
culation (such as with returning an upright individ-
ual to the supine posture) table down is expected
to lead not only to inhibition of sympathetic activ-
ity, but to parasympathetic activation also. The net
expected outcome is slowing of heart rate and di-
minished vasoconstriction. In rare cases, move-
ment from upright to supine has been reported to
trigger marked neural reflex induced bradycardia,
hypotension, and syncope [15]. However, following
induced syncope in our VVS prone patients, the
baroreceptor feedback system appeared to react
in a manner distinctly different from that observed
in either the tilt-negative subjects or the same
individual subjected to short duration hypovolae-
mic stress unaccompanied by a faint (i.e., the 3
min head-up tilt). Specifically, we observed accel-
eration of the heart rate in conjunction with grad-
ual increase of blood pressure during that phase of
study. In essence, in temporal association with a va-
sovagal spell, the baroreceptor response setting
appeared to be inappropriate. Instead of the heart
rate slowing with ‘re-loading’ of the central circu-
lation and increase in systemic pressure (as the pa-
tient moved to the supine posture), the heart rate
accelerated.

Factors affecting BRS during vasovagal
syncope

Factors contributing to the difference between
normal baroreceptor response to upright posture,
and the response during tilt-induced VVS are un-
known. However, the magnitude of the haemody-
namic stress may play a role. In patients who are
VVS prone, the extent of hypotension during in-
duced faint is more severe than that observed in
tilt-negative control subjects after 45 min of head
upright tilt. The observed discrepancy in barore-
ceptor response between tilt-negative control sub-
jects and VVS prone patients may reflect a response
to two different haemodynamic conditions and may
not necessarily imply that the response observed in
vasovagal fainters is abnormal. It may well be that
severe hypotension occurring during syncope dic-
tates this type of response as an attempt to main-
tain reasonable perfusion. By abruptly returning
the patient to the supine position, we were able
to observe and quantify the status of the BRR
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setting before it had an opportunity to be ‘re-set’
back to normal.

Neurohormonal factors may play a role in deter-
mining BRR status under various haemodynamic
conditions. In the setting of evolving VVS, several
neurohormones including endorphins, vasopressin,
renin—angiotensin, norepinephrine and epineph-
rine are released in large quantity. In this regard,
several studies [16—18] observed a marked in-
crease in adrenal epinephrine release during
head-up tilt-induced faints in VVS prone patients,
despite concomitant sympathetic neural withdraw-
al. Negative BRR values (i.e., heart rate accelera-
tion despite increasing systemic arterial pressure)
during tilt-down volume loading immediately
post-VVS may reflect the effects of elevated serum
epinephrine levels on sinus node function (i.e., are-
sidual effect after rapid parasympathetic ‘with-
drawal’ as the patient returns to supine state), or
the result of modulation of baroreceptor response
by epinephrine, or both. Alternatively, effects of
endorphins or vasopressin on various components
of the autonomic nervous system may affect the
central nervous system response to baroreceptor
afferent signals during vasovagal faint. Studies us-
ing rapid blockade of one or more of these afore-
mentioned factors will be needed in order to
elucidate this mechanism. Finally, the BRR direc-
tional response change may simply reflect the
set-point at which the measurement was made
(i.e., at a normal pressure in the baseline state vs
a low pressure in the post-VVS state). Assessment
of the latter possibility is feasible, but entails initi-
ating a hypotensive state pharmacologically in VVS
prone subjects.

Study limitations

This study evaluated BRR using a non-pharmacolog-
ical method [10] in order to minimize the potential
impact of drugs on HUT results. However, due to
the requirement that baseline BRR be obtained
without a faint, the method developed here was
not identical to that proposed by Takahashi et al.
[10]. This difference may account for the differ-
ence in absolute values of BRR measurements in
the two reports. Furthermore, the values of baro-
receptor responsiveness by the measurement
method used here cannot be reasonably compared
with those obtained by the more conventional
pharmacological method. In choosing the ‘head-
down’ technique, the resulting BRR estimate of
necessity incorporates both venous and arterial
baroreceptor responses. In this regard, the BRR val-
ues differ from conventional pharmacological

measures of baroreceptor sensitivity (BRS), and
thus the altered nomenclature. On the other hand,
the technique is seemingly appropriate for evaluat-
ing a setting in which a spontaneous faint would be
expected to initiate an abrupt postural change due
to loss of postural tone. Thus, the method mimics
what might be expected to occur in ‘real life’ as
a VVS fainting patient falls to the ground. In es-
sence, ours should be viewed as a means of assess-
ing in a semi-quantitative fashion, transient
directional change in baroreceptor responsiveness.

An additional potential limitation of the meth-
odology used in this study is that it does not readily
permit accounting for the effect of respiratory
changes on baroreceptor response. We believe that
this effect is small since the time window used for
BRR determination was relatively short, and there-
by minimized the opportunity for any effects of
substantial change in respiratory depth and fre-
quency.

Conclusion

In this study, VVS prone patients demonstrated
a functional and presumably transient diminution
of global baroreceptor response (BRR) in associa-
tion with head-up tilt-induced syncope. Potentially,
diminished BRR during evolving VVS may in part
account for failure of the baroreceptor system to
initiate an adequate compensatory haemodynamic
response.
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