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Objective - To assess the diagnostic value, the cha-
racteristics, and feasibility of tilt-table testing in children
and adolescents.

Methods - From August 1991 to June 1997, we retros-
pectively assessed 94 patients under the age of 18 years
who had a history of recurring syncope and presyncope of
unknown origin and who were referred for tilt-table tes-
ting. These patients were divided into 2 groups: group I
(children) - 36 patients with ages ranging from 3 to 12 (me-
an of 9.19±2.31) years; group II (adolescents) - 58 patients
with ages ranging from 13 to 18 (mean of 16.05±1.40) years.
We compared the positivity rate, the type of hemodynamic
response, and the time period required for the test to
become positive in the 2 groups.

Results - The positivity rates were 41.6 % and 50%
for groups I and II, respectively. The pattern of positive he-
modynamic response that predominated in both groups
was the mixed response. The mean time period required for
the test to become positive was shorter in group I (11.0±7.23
min) than in group II (18.44±7.83 min). No patient experi-
enced technical difficulty or complications.

Conclusion - No difference was observed in regard to
feasibility, positivity rate, and pattern of positive response
for the tilt-table test in children and adolescents. Pedia-
tric patients had earlier positive responses.
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Syncope is a relatively common symptom during child-
hood. Prodinger et al 1 reported that 15% to 50% of the ado-
lescents have at least 1 episode of syncope by the end of ado-
lescence. Other research carried out in university students
reported a 47% prevalence of syncope in this population.

Syncope accounts for approximately 1 out of 2000 vi-
sits to the pediatric emergency department 2. Its incidence in
children and adolescents under medical follow-up is 0.125%,
and it is more frequent in girls, with a peak at 15 to 19 years
of age. The episode is usually isolated and relates to an
acute disease or psychological stress, or both, or noxious
stimuli 3. In many cases, even after an extensive evaluation,
the cause remains undetermined. Despite being benign
most of the time, syncope usually generates anxiety and un-
certainty in the patient, the family, and the environment
where they live.

Syncope is a symptom with multiple causes from benign
situations to etiologies with a potential risk of sudden dea-
th. Therefore, clarifying its cause is important. In children
and adolescents, the neurocardiogenic etiology is suppo-
sedly the most frequent 4. The tilt-table test appeared in the
last decade and has been widely used for diagnosing neuro-
cardiogenic syncope. However, controversies persist in the
literature in regard to its feasibility and diagnostic value in
pediatric patients 5,6.

The objective of this study was to evaluate the diag-
nostic value, the characteristics of the results, and the feasi-
bility of the tilt-table test in children with a history of recur-
ring syncope of unknown origin in comparison with that in
an adolescent population.

Methods

The study was carried out retrospectively. Data were
collected through review of the medical records of patients
under the age of 18 years who underwent tilt-table testing
in the period from August 1991 to June 1997 at the laborato-
ry of the Autonomic Evaluation of Arrhythmia Unit - Heart
Institute. The study comprised patients who had had 2 or
more episodes of syncope or repetitive episodes of presyn-
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cope of unknown origin, after noninvasive or invasive car-
diovascular clinical and neurological evaluation, according
to the requirements of each case. Ninety-four patients were
selected and divided into 2 groups according to age
bracket: group I, 36 patients, with ages ranging from 3 to
12 years (mean age of 9.19±2.31 years); group II, 58 pa-
tients, with ages ranging from 13 to 18 years (mean of
16.05±1.40 years).

The patients underwent tilt-table testing during the
morning while they were fasting, in a calm, quiet, and dimly lit
environment. No patient was receiving medication that might
interfere with the result of the test. No sensitizing agents, ve-
nous puncture, or invasive procedures were used.

For tilt-table testing, a tilting gurney (orthostatic gur-
ney - Carci Ind. e Com. - São Paulo, modified in the bioengi-
neering sector of the Heart Institute) was used with ma-
ximum angulation of 60º and a platform for the feet. In the
horizontal dorsal decubitus position, the patients were mo-
nitored for blood pressure with a noninvasive digital moni-
tor (2300 - Finapres - Ohmeda) and electrocardiography was
performed with a polygraph Hewlett-Packard (HP). Recor-
dings of the pressure curves, of heart rate, and of electrocar-
diography were performed with an HP polygraph coupled
with a monitor (Sistema Labele). These recordings were fi-
led in a program for acquisition of biological signs, which
was designed by the information and technology sector of
InCor specifically for performing the tilt-table test.

The patients rested for 20min in the horizontal dorsal
decubitus position, and the gurney was then tilted in ap-
proximately 5s until the 60º angle was reached. The patients
were observed for 40min or less, until reaching the criteria of
positivity of the test (a decrease in systolic blood pressure
>30mmHg or a drop in heart rate, or both, associated with
presyncopal or syncopal symptoms, or both) 7. According
to the behavior of blood pressure and heart rate, the positi-
ve hemodynamic responses were classified as follows: 1)
vasodepressive: a drop in blood pressure with no signifi-
cant change in heart rate; 2) mixed: arterial hypotension
accompanied by a drop in heart rate; 3) cardioinhibitory: car-
diac asystolia (pause >3s) accompanied by arterial hypoten-
sion; 4) tachycardic postural syndrome: an increase in heart
rate >30% as compared with the baseline heart rate during
the prolonged period of monitoring in the orthostatic decu-
bitus position, or heart rate >120bpm in the first 10min, ac-
companied by symptoms of postural intolerance, without
triggering the neurocardiogenic reflex.

Positivity was calculated using the following ratio:
number of patients with a positive test/total number of
patients with a history of syncope. Inference was perfor-
med using the analysis of Fisher exact test, the chi-square
test, and the Mann-Whitney test. We adopted the signifi-
cance level of 5% (α=0.05).

Results

Comparative data related to sex, number of previous
syncopal episodes, and duration of the history are shown in

table I. No significant difference was observed when com-
paring the 2 groups.

In regard to the positivity of the test, group I had a rate
of 41.6 % (with 15 positive tests), and group II had a rate of
50% (with 29 positive tests). The type of positive response
predominating in both groups was the mixed response.
Distribution of the hemodynamic responses is shown in
table II, and no statistical difference was observed in this
distribution.

The mean period of exposure required for the test to
become positive was shorter in the group of children
(11.0±7.23min – minimum of 2min and maximum of 24min)
as compared with that of the group of adolescents
(18.44±7.83min – minimum of 2min and maximum of 35min)
(p= 0.009).

No sedation was required for performing the test in
any child. No complications occurred, and in all positive
cases, the reflex was spontaneously reversed with repositio-
ning of the gurney to the horizontal dorsal decubitus posi-
tion, no intervention being necessary. Only rarely was the
mother required to remain in the testing room to keep the
child calm so the test could be performed.

Discussion

Based on this study, we observed that the positivity
rate of the tilt-table test in children and adolescents with
syncope of unknown origin was similar in both groups

Table I – Comparative data between the groups of children and
adolescents in regard to age, sex, number of syncopal episodes,

and duration of the history

Variable Group

Children Adolescents
Sex (female) 20 (55.5%) 39(67.2%) P= 0.279*

minimum  3 years 13 years
Age maximum 12 years 18 years

(mean) (9.19±2.31) (16.05±1.40)

Syncopal
episodes (mean) 7.84±16.5 6.18±8.17 P= 0.859**

Duration
of history (months) 29.43±29.65 29.58±41.61 P= 0.253**

* Fisher exact test; ** Mann-Whitney test.

Table II – Distribution of the hemodynamic responses to the test in
the 2 groups

Type of  response                                    Groups

Children Adolescents

Negative 21 (58.3%) 29 (50%)
Mixed positive 10 (27.7%) 18 (31%)
Positive vasodepressive   4 (11.1%) 7 (12%)
Positive cardioinhibitory   1 (2.7%)  1 (1.7%)
Tachycardic postural syndrome   0 (0%) 3 (5.1%)

P=0.669 (chi-square test).
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(41.6% and 50%, respectively). In a previous study carried
out at our institution and comprising 125 patients with a me-
an age of 34.6 years, the positivity rate was 41.6%, which is
very comparable to the results of the present study. Pavri et
al 8 analyzing data of 333 patients undergoing passive tilt-
table testing in 12 studies reported that the positivity rate of
the test ranged from 7% to 55% with a mean of 24%. Linzer et
al 9 in a study with 425 patients reported a positivity rate of
the tilt-table test ranging from 26% to 90%.

Since the initial studies by Kenny et al 10 in 1986, tilt-ta-
ble testing has shown effectiveness and safety in identify-
ing patients with neurocardiogenic syncope, and, soon af-
ter, several investigators initiated its use in pediatric pati-
ents. However, the nonexistence of a gold standard and the
lack of standardized protocols in regard to tilting angulation
during the test, concomitant invasive procedures, adminis-
tration of sensitizing pharmacological agents, and chrono-
biological factors, have made the determination of positivity
and specificity difficult, resulting in great variations in the
results obtained.

Pongiglione et al 11, in a study comprising 20 patients
(mean age of 12.5 years) with recurrent syncopes who un-
derwent the passive tilt-table test at 60° for 15min, followed
by the sensitizing test with isoproterenol, reported an 80%
positivity rate (16 patients). Of these, 4 patients had a posi-
tive test in the passive period and 12 patients after the use of
isoproterenol. Thilenius et al 12 reported a 74.2% positivity
rate and reproduction in symptoms in 80% of the patients
using the passive protocol at 60° for 10min, followed by iso-
proterenol infusion in a total of 35 patients with ages ranging
from 8 to 19 years. Alehan et al 13, in a study comprising 20
patients (mean age of 12 years) undergoing the passive
protocol at 60° for 25min followed by the sensitizing test
with isoproterenol, obtained a 75% positivity rate, and only
25% of the patients had a positive test in the passive period.
Later, in another study 14, the same investigators performed
the tilt-table test with the sensitized protocol or the passive
type at 60° for 45min. They studied 65 patients and 30 con-
trols with mean ages of 11.4 and 12.8 years in the 2 groups,
and they aimed to compare the sensitivity and specificity of
the tilt-table test with and without isoproterenol. They re-
ported positivity and specificity rates of 76.6%/86.7 % and
48.5%/93.4%, respectively, for the 2 groups. Grubb et al 15

studied 30 patients who had had at least 3 episodes of syn-
cope in the last 6 months, 14 years being their mean age, and
used the passive protocol with a tilt angle of 80° for 30min.
The protocol was followed by the sensitizing test with iso-
proterenol. They reported a 70% positivity rate for the tilt-
table test and only 20% of positivity in the passive period.
Using the same protocol in 66 patients with mean age of
13.6 years, Berkowitz et al 16 reported a 65% (43 patients) po-
sitivity in the passive period with an addition of 12% in 20 of
the 23 patients later undergoing the sensitizing test with
isoproterenol. In this same study, the false-positive rate was
52% in the passive test. On the other hand, when sensitiza-
tion with isoproterenol was used, no increase in the false-
positive rate was observed. The results led the authors to

question the specificity of the test, and, at the same time, to
recommend tests lasting up to 20min to minimize the inci-
dence of false-positive results.

In studies performed with no sensitizing agents, the
results showed a lower positivity rate. Lerman-Sagle et al 17,
in a study with 15 patients (mean age of 14.4 years) and 10
controls, performed the tilt-table test at 60° for 60min and
obtained a 43% positivity rate with 100% specificity. Fouad
et al 18 provoked a vasovagal response in 25 out of 45 pa-
tients (57%), and in 3 out of 18 controls (17%). In addition to
the tilt-table test, some investigators have used the orthos-
tatic test based on the same principle as the tilt-table test for
assessing syncope. Ross et al 19, using a protocol in which
the patients, after a resting period, remained in the orthosta-
tic position at 90° without any support for 12min, obtained
syncope in 44% of 104 patients (mean age = 13 years). Osli-
zlok et al 20, however, with the same tilting angulation but for
15min, reported a positivity rate of 58% in 209 patients,
whose ages ranged from 1.8 to 18 years.

Specificity in regard to different tilting angles was the
objective of the study by Lewis et al 21. In this study, the
controls, whose ages ranged from 12 to 18 years, underwent
the passive tilt-table test with angles of 60°, 70°, and 80°,
and a duration of 30min, which resulted in specificities of
69%, 71%, and 40%, respectively. On the basis of the results
obtained, the authors recommended the use of angles of 60°
or 70° for no longer than 10min. In another study with con-
trols, whose ages ranged from 6 to 16 years, Van Steenwijk et
al 22 used the orthostatic test and the tilt-table test with a til-
ting angle of 70°. Of the 68 controls, 29 (40%) had a false-
positive result, which was attributed to the associated intra-
vascular procedure. Despite data presented, it is worth no-
ting that the tilt-table test identifies an excessive susceptibi-
lity to the vasovagal reflex, to which all human beings are
vulnerable, depending on the stimulus. Therefore, specifici-
ty of the tilt-table test may have been actually underestima-
ted. In our study, the patients did not undergo intravascular
procedures aiming to minimize false-positive results.

Most of the hemodynamic responses of the positive
tests obtained in our study were mixed (66.6% in children
and 62.0% in adolescents). In regard to this parameter, data
in the literature vary. Mangru et al 23 and Müller et al 24, stu-
dying patients whose mean ages were 14 and 13 years, res-
pectively, reported results similar to ours, in which the mixed
response predominated with 50% and 71.4%, respectively.
On the other hand, Alehan et al 13 reported a vasodepressive
response in 67% of patients, mixed in 27%, and cardioinhi-
bitory in 6%. In regard to duration of exposure to the or-
thostatic decubitus position for a positive test, the results
reported ranged from 8.5min to 48min. No study separately
analyzing children and adolescents has been reported. In a
previous study carried out in our service and cited above,
with patients whose mean age was 34.2 years, the time elap-
sed between tilting and the appearance of symptoms ran-
ged from 3 to 40min, with a mean of 18 min and 25s. In the
present study, the means obtained (11.0min for children and
18.4min for adolescents) were similar to most data in the
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literature, with earlier responses for children as compared
with those for adolescents.

In conclusion, the tilt-table test is a useful method for as-
sessing unexplained syncope in children, and no difference

was observed in the positivity rates for children and ado-
lescents. The predominant hemodynamic response of the
positive tests was mixed in both groups. Children had earlier
positive responses as compared with those of adolescents.


