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One of the hypotheses put forward concerning the mechanism of vasovagal
syncope is that the vagal afferent fibres are activated during vigorous contrac-
tions against a partly empty left ventricle. The aim of the study was to confirm
this hypothesis by using 2D echocardiography during a head-up tilt test. The
study was carried out on 39 patients (17 male, 22 female, age range 21-64
years), all with a history of recurrent syncope. The patients were examined using
a 2D echo to measure the end-diastolic and end-systolic volume before the
head-up tilt test after the Westminster protocol (45min/60 grade) and every five
minutes after tilting. T patients during head-up tilt test had a positive response
and 32 proved negative. A reduction of both the end-diastolic and end-systolic
volumes of the left ventricle was noticed. There was no significant difference in
the degree of ejection fraction reduction. The difference in ejection fraction
reduction between the two groups was similarly non-significant. It was also
noticed that the patients with a positive response had more vigorous contrac-
tions than those with a negative test. The decision was therefore taken to use
a different parameter for the left ventricle contraction, namely the LV posterior
wall slope. As this parameter is partly dependent on time, its use in confirming
the extremely vigorous nature of the contractions was considered appropriate.
Only 6 patients were tested using this parameter. A tendency towards greater
left ventricle posterior wall slope values, both before and during tilting was no-
ticed in the group of patients with vasovagal reaction. Our data shows that
vigorous contraction is probably less responsible for vasovagal syncope release
than left ventricle volume reduction.
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INTRODUCTION
Vasovagal syncope is one of a group of reflexive
syncopes. One of the hypotheses explaining the
mechanism for the occurrence of the vasovagal syn-
cope is a paradoxical over-reactive response of the
parasympathetic autonomic nervous system.

The non-mielin afferent fibres of the vagal nerve
have their origin in receptors localised in the wall
of the left ventricle and atrias. The reflexive reac-
tion relies on inhibition of efferent sympathetic
heart fibre activity and stimulation of the fibres of
the vagal nerve running toward the heart [1] .The
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incitement of these mechanoreceptors is mainly
caused by changes in the pressure in the left ven-
tricle (e.g. stretching of the left ventricle). From
the physiological point of view, it is a positive phe-
nomenon, an inhibiting heart-to-heart reaction
that decreases heart work in circumstances of over-
load [5].

Nevertheless, in the case of vasovagal syncope
the vertical position and redistribution of blood
leads to a diminution of blood volume in the cen-
tral nervous system with secondary adrenergic stim-
ulation, which is suspected of evoking the rapid
systoles of the scarcely filled LV, incitement of the
previously-mentioned mechanoreceptors and, sec-
ondary to this, the reflexive response finally lead-
ing to syncope [1, 2, 10]. The purpose of this study
was to determine the degree of left ventricle vol-
ume reduction in patients suffering from vasova-
gal syncope in comparison with the group without
vasovagal syncope and to assess left ventricle sys-
tolic function during the head-up tilt test in both
groups.

MATERIAL AND METHODS

The study was carried out on 39 people aged 21—
—64 years old, 17 men and 22 women, with recur-
rent syncopes in their history. All of them under-
went the head-up tilt test after the Westminster
protocol (45 min/60 degrees). The pressure was tak-
en during the test with a sphygmomanometer, ECG
and echocardiographic recordings on VHS tape (HP
Sonos 2000 and Sonos 1000, 2.5 MHz head). The
echocardiographic examination was carried out at
the beginning, in the horizontal position, directly
after the tilting and every 5 minutes until the end
of the examination and finished because of the syn-
cope or the completion of the procedure for the
passive test. The VHS echocardiographic recordings
were analysed after the head-up tilt test .The im-
age acquired just before or during the syncope was
hardly legible because of hyperventilation and thus
could not be interpreted. The last recording of suf-
ficient quality preceding the syncope was used for
interpretation.

The end-diastolic and end-systolic volumes were
evaluated in the apical four-chamber projection. The
volume of the left ventricle concomitant with the Q
wave in ECG was the end-diastolic one and the end-
systolic volume was appraised at the moment of max-
imal movement of the interventricular septum toward
the posterior wall of the left ventricle, which corre-
sponded to the end of the T wave in ECG. It was no-
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ticed that in patients with vasovagal syncope the
systoles of the left ventricle were more violent and
this inclined us to expand the list of parameters
observed to include the slope of the posterior wall
of the left ventricle (LVPW-slope) in M-mode using
parasternal, long axis projection. The measurement
was taken before the test and every 5 minutes until
its end. This particular parameter considers time as
a significant element of systole rapidity estimation.

RESULTS

During the head-up tilt test 7 out of 39 patients
experienced syncope that could be diagnosed as a va-
sovagal syndrome (4 — mixed type, 1 — cardiode-
pressive type, 2 — vasodepressive type). There were
no significant differences in the reduction of end-
diastolic and end-systolic volumes of the left ventri-
cle in either the group with a positive result of the
test, e.g. with syncope during the head-up tilt test,
or the group without the syncope (Fig. 1). No signif-
icant dissimilarity was additionally observed between
the groups in the various types of syncope. Howev-
er, it was noticed that in the group of patients with
a positive result of the head-up tilt test a tendency
exists (p > 0.05) to reach larger LVPW-slope values
(Fig. 2). This is present even in the preliminary exam-
ination before the test.

During the test we also observed an increase in the
ejection fraction in all the groups examined (Fig. 3).

F(2.57) =1.45; p < 0.2436
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Figure 1. The velocity of left ventricle end-diastolic volume re-
duction during the head-up tilt test; LKR — left ventricle end-di-
astolic volume, LKRO — at the beginning of the head-up tilt test,
LKRLAST — at the end of the head-up tilt test, HP — patients
with syncope in the history and during the test, HN — patients
with syncope in the history and without syncope during the test,
K — control group (patients without syncope in the history and
within the test).
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Figure 2. The increase of the left ventricle posterior wall slope
during the head-up; SLOPSL — left ventricle posterior wall slope,
HP — patients with syncope in the history and during the test,
HN — patients with syncope in the history and without syncope
during the test, K — control group (patients without syncope in
the history and within the test).

Figure 3. Increase of the ejection fraction during the head-up
tilt test.

DISCUSSION

During the tilt test the input volume of blood
reaching the heart is decreased due to its displace-
ment to the lower parts of the human body. As a re-
sult of this phenomenon, strongly dependant on
gravitational force, diminution of the end-diastolic
volume of the left ventricle occurs. In accordance
with one of the hypotheses explaining the trigger
mechanism of reflexive reaction of the vagal nerve,
such en effect is intensified in the group of patients
suffering from vasovagal syncope[1, 10]. Thus, a more
visible reduction of end-diastolic volume of the left
ventricle should be observed in patients that experi-
enced the vasovagal syncope during the test. We did
not find any corroboration of such a difference in
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the degree of left ventricle end-diastolic volume re-
duction in groups with a positive result of the tilt
test and with a negative result of the head-up tilt
test. Neither did we manage to confirm any signifi-
cant disparity between left ventricle end-systolic vol-
ume reduction degree in the group with a positive
result of the test in comparison with patients with-
out the syncope during the procedure.

The studies that have been carried out hitherto
used different methods to estimate left ventricle fill-
ing and its contractility. Fitzpatrick et al. [4] evaluat-
ed the end-diastolic and end-systolic dimensions of
the left ventricle in M-mode echocardiography. His
results, compared to those for the control group,
suggest a more intense reduction in the end-dias-
tolic and end-systolic dimensions in the group of
patients with vasovagal syncope during the test. Only
two cases from the control group were analysed in
that study.

On the other hand, Shalev et al. [8], who was the
first to evaluate the changes in left ventricle dimen-
sions and left ventricle function during the head-up
tilt test with the use of 2-dimensional echocardio-
graphy, observed more lively contractility of the left
ventricle and a significant reduction in the end-sys-
tolic dimension in the group of patients with a pos-
itive test in relation to the control group .

When Yamanouchi et al. [9] compared 7 patients
with a positive result of the head-up tilt test to a group
of 9 volunteers without any incidence of the syncope
in their history there was no statistically significant
difference between the two groups in the changes of
left ventricle end-diastolic and end-systolic volume
ratio. However, the dynamics of the reduction of left
ventricle end-diastolic volume ratio and of the left
ventricle ejection fraction was intensified during the
tilt test in the group of patients with the vasovagal
syncope. In their opinion the speed of left ventricle
end-diastolic volume reduction can be important in
stimulating the vasovagal reaction. The more pro-
nounced reduction of the left ventricle ejection frac-
tion in the group with the vasovagal syncope could
also be a result and early response of the vagal nerve
to the contractility of the left ventricle.

In contrast, Lee et al. [6] did not discern any dis-
similarity in end-systolic and end-diastolic dimension
between groups with positive and the negative re-
sults of the head-up tilt test. Nevertheless, he observed
a significant increase in the shortening fraction and
concluded that a lively systole of the left ventricle,
not the contraction of the unfilled ventricle, is respon-
sible for triggering the vasovagal reflex.
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Liu et al. [7] compared the left ventricle volume
and the shortening fraction of the left ventricle in
patients during the tilt test (the parameters were
registered before and during the first 5 minutes in
a vertical position). They observed a reduction in both
left ventricle volume and shortening fraction in the
preliminary period of vertical position in patients with
a positive result of the test. They suggested that if
there were any paradoxical activation of the mecha-
noreceptors in left ventricle stimulation of the re-
flexive syncope, this would not be caused by exces-
sive contractility of the left ventricle.

Deharo et al. [3], using a microaccelerometer at
the end of an electrode placed in the right ventricle,
found an increase in left ventricle contractility dur-
ing the head-up tilt test. As can be seen, different
studies have produced varying results.

The hypothesis explaining the stimulation of
mechanoreceptors of vagal nerve C fibres in the left
ventricle emphasises the rapidity of the systoles of
the hardly filled left ventricle as the factor responsi-
ble for stimulation of the mechanoreceptors [10]. In
our opinion none of the hitherto analysed parame-
ters describing the contractility of the left ventricle
i.e. left ventricle ejection fraction, shortening frac-
tion and degree of end-systolic dimension reduction,
takes time into consideration as the indispensable
parameter for the evaluation of the rapidity of the
systole. We therefore decided to introduce an addi-
tional parameter of echocardiographic examination
of the left ventricular function during the tilt test,
the slope of the left ventricular posterior wall move-
ment (LVPW-slope). In LVPW-slope, time is consid-
ered as a parameter and, in our opinion, enables the
rapidity of the systole to be evaluated, despite the
fact that this has not been used in any published
paper that was accessible for us. However, the num-
ber of patients examined who showed a positive re-
sult of the test is too small to allow any conclusions
to be drawn. Nevertheless, there is a tendency to-
wards higher values of LVPW-slope in the group of
patients with positive test results and, interestingly,
this is noticeable even in the examination preceding
the patient’s head-up tilt.

It seems that stimulation of the mechanorecep-
tors causing the paradoxical over reactive response
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of the parasympathetic system can occur during rap-
id systoles of quite a well filled and not, as was pre-
viously suggested, an unfilled left ventricle. The ten-
dency to more rapid systoles of the left ventricle in
patients with vasovagal syncope registered just be-
fore the test can be linked to the stronger sensitivity
of these patients later to adrenergic stimulation. This
can be conducive to the paradoxical reflexive re-
sponse of the vagal nerve. However, there is a need
for further studies with a larger group of patients
suffering from vasovagal syncope compared to the
control group of patients without any history of syn-
cope.
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