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Aims Recently, some studies revealed the efficacy of pacemaker implantation in
decreasing recurrences in patients with vasovagal syncope. As these studies were
not blinded or placebo-controlled, the benefits observed might have been due to a
bias in the assessment of outcomes or to a placebo effect of the pacemaker. We per-
formed a randomized, double-blind, placebo-controlled study in order to ascertain if
pacing therapy reduces the risk of syncope relapse.
Methods and results Twenty-nine patients (53 ± 16 years; 19 women) with severe
recurrent tilt-induced vasovagal syncope (median 12 syncopes in the lifetime) and 1
syncopal relapse after head-up tilt testing underwent implantation of a pacemaker,
and were randomized to pacemaker ON or to pacemaker OFF.

During a median of 715 days of follow-up, 8 (50%) patients randomized to pace-
maker ON had recurrence of syncope compared to 5 (38%) of patients randomized
to pacemaker OFF (p=n.s.); the median time to first syncope was longer in the pace-
maker ON than in pacemaker OFF group, although not significantly so (97 [38–144] vs
20 [4–302] days; p = 0.38). There was also no significant difference in the subgroups
of patients who had had a mixed response and in those who had had an asystolic
response during head-up tilt testing.
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Conclusion Our data were unable to show a superiority of active pacing versus inac-
tive pacing in preventing syncopal recurrence in patients with severe recurrent tilt-in-
duced vasovagal syncope.

�c 2004 The European Society of Cardiology. Published by Elsevier Ltd. All rights
reserved.
Introduction

Though vasovagal syncope does not directly cause death,
it is often associated with severe trauma and, when
recurrent, significantly impairs the patient’s quality of
life. Indeed, patients with frequent fainting fits suffer
severe functional and psychological limitations.1

The treatment of vasovagal syncope generally in-
volves reassurance, education and behavioural measures
for all patients, drug therapy for those who are most
symptomatic, and pacemaker implantation in a few se-
lected subjects.2 However, placebo-controlled drug
studies have yielded disappointing results.3–7 Moreover,
as all pacemaker studies, except for one, have not been
double-blind or placebo-controlled,8–14 it is not possible
to exclude a methodological bias in outcomes assessment
or a placebo effect of pacemaker implantation. Thus,
pharmacological and electrical therapies for vasovagal
syncope are still controversial. Other possible therapeu-
tical approaches, such as tilt training15 and counter-pres-
sure manoeuvres16,17 have only recently been proposed
and need to be further evaluated.

The aim of the vasovagal SYNcope and PACing (SYN-
PACE) trial was to ascertain whether, in patients with
recurrent tilt-induced vasovagal syncope, the implanta-
tion of a dual-chamber, pacemaker programmed to ON,
reduced the number of patients suffering syncopal re-
lapses and/or prolonged the time to the first recurrence
in comparison with the implantation of a pacemaker pro-
grammed to OFF.
Methods

Study design

This clinical trial was a multi-centre, prospective, double-blind,
randomized, placebo-controlled study. Its main aim was to
compare the efficacy of an active dual-chamber pacemaker
with that of an inactive pacemaker in reducing syncopal re-
lapses in patients suffering from recurrent vasovagal syncope.
The study protocol had been published previously.18 The pri-
mary end-point of the study was the first recurrence of
syncope. The number of patients who experienced syncope dur-
ing follow-up, and the time to the first recurrence were taken
as parameters for measuring the primary end-point. On reach-
ing the primary clinical end-point, or at the end of the study
period, all patients had their pacemaker programmed to ON.
The study protocol was approved by the ethics committee of
each participating centre, and all patients gave written,
informed consent.
ttps://academic.oup.com/eurheartj/article-abstract/25/19/1741/528715
Patient eligibility

To be enrolled, all patients had to meet the following criteria:
frequently recurrent syncopes and positive head-up tilt testing
with asystolic or mixed response (see below), at least 6 syncopal
events in the patient’s lifetime, the last occurring no more than
6 months before enrolment; at least one recurrence within 12
months following positive head-up tilt testing, exclusion of any
other cause of syncope after a complete work-up, age more than
18 years. These criteria were selected in order to provide a
study population with a high probability of syncopal recurrence
during follow-up.5,19 Moreover, the requirement for a significant
cardioinhibitory component was based on the assumption that
pacemaker implantation is effective in preventing new syncopal
episodes only in patients with bradycardia/asystole during tilt-
induced syncope.
Definitions

Syncope was defined as sudden complete loss of consciousness
associated to the inability to maintain postural tone, followed
by spontaneous recovery. Pre-syncope was defined as the
appearance of specific symptoms typical of imminent syncope
(nausea, clouding of vision, weakness, sweating, dizziness)
associated with partial loss of tone, without complete loss of
consciousness.
Head-up tilt testing

Head-up tilt testing was carried out in accordance with the
‘‘Italian protocol’’:20,21 20 min at 60� without drug potentiation,
followed by 15 min at the same inclination after sublingual
administration of 400 lg of nitroglycerin spray.

A positive head-up tilt test response was defined as repro-
duction of the patient’s spontaneous syncope in association with
hypotension, bradycardia, or both. The positive response to
head-up tilt testing was classified as follows: asystolic response:
development of asystole P 3 s; mixed response: development
of bradycardia <60 beats per minute for at least ten beats, but
without asystole P 3 s; vasodepressor response: development
of marked hypotension with no or only a slight decrease in heart
rate.
Randomisation and pacemaker programming

Enrolled patients were divided into two groups on the basis of
their haemodynamic response during tilt-induced syncope: Asy-
stolic group and Mixed group. Patients from both groups under-
went implantation of a dual-chamber pacemaker, and were
immediately randomized in a double-blind fashion to pacemaker
ON in the active (DDD) mode with rate-drop response (RDR), or
pacemaker OFF in the inactive (OOO) mode. Randomisation was
centralized and was based on two tables, one for the Asystolic
group, and the other for the Mixed group.



Fig. 1 Trial profile.
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The device used was the Vitatron Clarity DR dual-chamber
pacemaker. Programming of PM ON was as follows: DDD-RDR
mode; lower rate 60 beats per minute; long atrio-ventricular de-
lay in order to facilitate ventricular activation through the nor-
mal conduction pathways; rate drop parameters with detection
at an RR interval prolongation P 200 ms with respect to the
mean value, three confirmation beats, intervention rate 100–
110 beats per minute, and spontaneous rhythm recovery ON.
In each hospital there was only one person responsible for pro-
gramming the pacemaker.

Follow-up

Patients were asked to keep a clinical diary, specifying the num-
ber, severity and time of syncopal and pre-syncopal events, the
circumstances in which they occurred and any associated trau-
mas. During the study period, the use of drugs to prevent vas-
ovagal syncope was not allowed. The clinical follow-up was
performed by an investigator who was unaware of the randomi-
sation applied.

Statistical analysis

The primary analysis of the results of the study was by intention-
to-treat but we also made an on-treatment analysis. Differences
between pacemaker ON and pacemaker OFF patients in the total
population were tested for statistical significance by means of
Student’s t-test, Wilcoxon’s test, and Fisher’s exact test, as
appropriate. Differences within the Asystolic and Mixed groups
were assessed by ANOVA and v2-test. The time to the first synco-
pal recurrence was analysed by using the Kaplan–Meier curves,
and compared using the log-rank test. The COX proportional-
hazards model was used to identify clinical variables independ-
ently associated with the risk of syncopal recurrence. The
accepted value for significance was p < 0.05.

Sample size calculation was based on the following assump-
tions.18 According to data in the literature5,19,22 we hypothe-
sised a risk of syncope recurrence of 70% after one year in our
patient population. We estimated that, owing to its placebo ef-
fect, pacemaker implantation per se would have decreased this
risk by 20%. Furthermore, we anticipated a further 80% reduc-
tion in syncope recurrence produced by the therapeutic effect
of pacemaker treatment.11,12 Based on these data, we calcu-
lated a 50% syncopal rate after one year in patients randomized
to pacemaker OFF, versus 10% in patients randomized to pace-
maker ON.18 Consequently, with an a error level of 0.05 and a
test power of 0.90, the resulting sample size was 25 patients
for each group.
Results

Early termination of the study

Enrolment started in April 2000. As planned, the first for-
mal interim analysis was undertaken after >50% of the
expected number of patients were enrolled, in Septem-
ber 2002; 29 patients had been randomized by that time.
The analysis showed no superiority of active pacing over
inactive pacing. Moreover, in the same period the results
of the Vasovagal Pacemaker Study (VPS) II14 were an-
nounced that demonstrated inability of pacing to reduce
the risk of syncope recurrence significantly, making the
 https://academic.oup.com/eurheartj/article-abstract/25/19/1741/5287
prosecution of the enrolment unethical. Thus, in consul-
tation with the Data and Safety Monitoring Board, a deci-
sion was made to terminate enrolment and follow-up,
and to report study results as of October 2002.

Patient characteristics

Screening logs were not maintained throughout the
study, but we used data from the head-up tilt testing lab-
oratory to calculate the trial profile (Fig. 1). During the
recruitment period, about 1600 patients with unex-
plained syncope were referred for head-up tilt testing
evaluation, and 37 of these (approximatively 2.3%) met
all inclusion criteria. Only 29 of the eligible patients gave
informed consent and took part in the study (about 1.8%
of the source population). Of the 29 patients enrolled, 16
were randomized to pacemaker ON (Asystolic group, 8;
Mixed group, 8), and 13 to pacemaker OFF (Asystolic
group, 7; Mixed group, 6).

Patients were followed up for a minimum of 4 months,
with a median of 715 days (interquartile range 302–785
days). No patient was lost to follow-up. One patient with
mixed response, assigned to the pacemaker OFF group,
underwent reprogramming to pacemaker ON before
the primary end-point, 100 days after randomisation,
because of frequent presyncopal recurrences. In the
on-treatment analysis, this patient was assigned to pace-
maker ON. Five other patients randomized to pacemaker
OFF (three Mixed group, and two Asystolic group) had
their pacemaker programmed to ON after the first synco-
pal recurrence. Their follow-up was censored at the time
of pacemaker activation. However, they were followed
up until the end of the study period.
15
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The baseline clinical characteristics of patients rand-
omized to pacemaker ON were broadly similar to those of
patients randomized to pacemaker OFF (Table 1). How-
ever, in the Asystolic group, fewer males were assigned
to pacemaker ON than to pacemaker OFF. Before enrol-
ment, patients had had a median of 12 syncopes in their
lifetime (interquartile range 7–25), and all had unsuc-
cessfully tried at least one drug for vasovagal syncope.
Nine patients (31%) had a positive head-up tilt-test re-
sponse during the drug-free phase of the test, and 24 pa-
tients (69%) after nitroglycerin administration. An
asystolic response was present in 15 patients (52%), with
a mean ventricular pause of 13 ± 8 s (range 4–30 s; pause
>10 s in 8 cases) and a mixed response was present in 14
patients (48%).
Primary end-point

After pacemaker implantation, syncope recurred in 13
(45%) of the 29 patients. In the intention-to-treat and
on-treatment analyses, no statistically significant differ-
ences in recurrences emerged between the patients with
pacemaker ON and those with pacemaker OFF (Table 2).
In patients randomized to pacemaker ON, syncope re-
curred in 8 (50%): 4 (50%) in the Mixed group and 4
(50%) in the Asystolic group. Three of these last patients
had had a pause >10 s during baseline head-up tilt test-
ing. In patients randomized to pacemaker OFF, syncope
recurred in 5 (38%): 3 (50%) in the Mixed group and 2
(29%) in the Asystolic group. Two (40%) of the 5 patients
who suffered syncopal recurrence with pacemaker OFF
continued to have recurrences even after pacemaker
reprogramming to ON.

In the intention-to-treat and on-treatment analyses
the median time to the first syncopal recurrence was
about five times longer in the pacemaker ON than in
pacemaker OFF group, though not significantly so (97
[38–144] vs 20 [4–302] days, p = 0.38). This overall dif-
ference was due to a longer time to syncope in the Asy-
stolic group (97 [50–140] vs 11 [2–20] days, p = 0.064)
whereas no difference was observed in the Mixed group
(88 [13–387] vs 100 [7–505] days, p = 0.56) (Table 2).

The Kaplan–Meier actuarial estimates of the first syn-
copal recurrence by intention-to-treat analysis and by
on-treatment analysis showed that the probability of
remaining free of syncopal events, at one year, was sim-
ilar between patients with active pacing and patients
with inactive pacing both in the total population and in
the Mixed and Asystolic groups (by intention-to-treat,
44% vs 31%, 37% vs 33%, and 50% vs 29%, respectively,
p=ns) (Fig. 2).
Secondary end-points

Considering the 29 patients as a whole, the syncopal
rate was significantly lower in the post-implantation
period than in the period before pacemaker implanta-
tion (0.06 ± 0.11 syncopes/month vs 0.72 ± 0.68 synco-
pes/months, p < 0.001). By contrast, no differences
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were found in the syncopal rate after pacemaker
implantation between patients with pacemaker ON
and those with pacemaker OFF, either in the total pop-
ulation or in the Mixed and Asystolic groups (Table 2).

In the intention-to-treat and on-treatment analyses,
no significant differences between pacemaker ON and
pacemaker OFF patients were seen in the percentages
of patients with pre-syncopal recurrences, and in the
total number of pre-syncopal events, either in the to-
tal population or in the Mixed and Asystolic groups
(Table 2).
Variables predictive of syncopal recurrence

In order to assess the value of baseline clinical charac-
teristics in predicting the risk of syncopal recurrence,
the data of all 29 patients enrolled were analysed
together. The following variables were examined in a
Cox model: age, female gender, hypertension, number
of syncopes in the lifetime, and duration of symptoms.
Among these variables, only the number of syncopes
in the lifetime (hazard ratio=1.24, 95% confidence
interval = 1.04–1.47, p = 0.02) was significantly predic-
tive of syncopal recurrence.
Adverse events

No deaths or severe syncope-related trauma occurred
during the study. One pacemaker OFF patient suffered
a minor syncope-related injury during follow-up. Six
pacemaker ON patients reported mild palpitations, possi-
bly related to inappropriate device intervention. The
only complications of pacemaker implantation were 2
cases of generator-related pain, one requiring reposi-
tioning of the device.
Discussion

Main findings

The main finding of the SYNPACE study is that a high per-
centage of patients with recurrent tilt-induced vasovagal
syncope continue to have syncopal relapses despite ac-
tive cardiac pacing and that this percentage is similar
to that observed in patients with inactive pacing.
Although there is a trend in favour of active pacing in
prolonging the time to first recurrence, especially for
those patients who had had an asystolic response during
head-up tilt testing, the high proportion of patients who
experienced syncopal relapses makes the usefulness of
pacemaker therapy questionable on a clinical ground.

The present negative results of pacemaker implanta-
tion in patients with vasovagal faints are probably due
both to an inefficacy of active pacing in preventing syn-
copal recurrence in our patient population and to a pla-
cebo effect of inactive pacing.
15
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Fig. 2 Kaplan–Meier estimates of the probability of remaining free of
syncopal recurrences in patients with pacemaker ON and in patients with
pacemaker OFF, in the total population, and in the Asystolic and Mixed
groups (Intention-to-treat analysis).
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Comparison with previous studies

Many studies have been performed in the past to evalu-
ate the role of permanent cardiac pacing in the treat-
ment of vasovagal syncope. Non-randomized
ttps://academic.oup.com/eurheartj/article-abstract/25/19/1741/528715
observational studies have shown that single-chamber
VVI mode pacing is ineffective,9 while dual-chamber pac-
ing is associated to a significant decrease in syncopal
recurrences.8,10 Positive results have also been reported
by three randomized open studies performed in the last
few years.11–13 This contrasts with the data of the very
recently published VPS II trial,14 a randomized, double-
blind, placebo-controlled study that, like the present
one, has been unable to confirm the efficacy of electrical
therapy in patients with recurrent vasovagal syncope. In
VPS II trial,14 the incidence of syncopal recurrence during
the follow-up was not significantly different between pa-
tients randomized to pacemaker ON and those random-
ized to pacemaker OFF (33% vs 42% at 6 months,
respectively). The most likely explanation for the differ-
ence in results encountered in the VPS II trial compared
to previous trials is the unblinded nature of open studies
and the absence of a placebo arm in them. Thus, it is
possible that the reported benefit of pacemaker implan-
tation in these studies is attributable to a bias in out-
comes assessment and to the psychological or
emotional effect related to receiving a device by means
of an invasive procedure. This, in effect, may favourably
condition the patients by giving them a sense of security
and protection. The occurrence of a placebo effect in
our cases is suggested by the lower than expected one-
year incidence of syncopal recurrence in patients pro-
grammed to pacemaker OFF (31% vs 70%), and by the
same decrease of the incidence of syncope after pace-
maker implantation in pacemaker ON and pacemaker
OFF patients (see Table 2).

The rationale for cardiac pacemaker implantation in
patients with recurrent vasovagal syncope lies in the fact
that some degree of bradycardia is frequently noted dur-
ing syncopal episodes induced by head-up tilt testing or
occurring spontaneously.2 However, the inefficacy of ac-
tive pacing in our study, as well as in the VPS II trial, is
not surprising and is probably justified by the inability
of electrical cardiac stimulation to counteract the vaso-
depressor component of the vasovagal reflex that is pre-
sent in practically all subjects during syncopal episodes
and usually precedes cardioinhibition and bradycardia.

There are other possible reasons to explain the differ-
ences encountered between uncontrolled and placebo-
controlled studies regarding the value of pacemaker
implantation in patients with vasovagal syncope. First,
in the uncontrolled studies the percentage of patients
with syncopal recurrence after pacemaker implantation
was significantly lower than that observed in the VPS II
and in SYNPACE studies (4.3% to 22%, versus 33% to
50%).11–14 This probably means a less severe syncopal
burden of the patients enrolled in the open studies that
may have accounted for the best outcome observed. Sec-
ond, the trials with the best results in favour of pacing
were those with the highest average age (60 years in Vas-
ovagal Syncope International Study – VASIS – and 58
years in Syncope Diagnosis and Treatment study – SY-
DIT)12,13 which raises the question of whether neurally-
mediated syncope in older individuals has a different
pathophysiological mechanisms requiring different treat-
ments. This observation also seems to indicate that
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implantation of pacemaker for vasovagal syncope is
especially contraindicated in young patients.
Minor findings

In the present study, the number of patients with synco-
pal recurrence after pacemaker implantation was similar
in both the Asystolic and Mixed groups. Thus, the pres-
ence of a marked cardioinhibitory component during
tilt-induced syncope is not able to identify patients
who are likely to benefit from permanent pacing. These
results confirm previous observations regarding the poor
value of head-up tilt testing in predicting the efficacy of
a given therapeutic intervention.4,5

Apart from the number of syncopes in the lifetime,
none of the baseline clinical variables significantly
correlated with syncopal recurrence after pacemaker
implantation.
Limitations

In this study, the enrolled patients were highly selected
and were estimated to be only 1.8% of the source popula-
tion; they had had amuch higher number of syncopal spells
in their lifetime than the average of patients affected by
vasovagal syncope. This proportion is not so different from
that of previous studies in which less strict selection crite-
ria were used (from 3.6% in VASIS to 5.3% in SYDIT).12,13

This means that patients with vasovagal syncope who the-
oretically may benefit from pacemaker implantation rep-
resent only a small number of subjects compared to the
whole population of patients suffering from this condi-
tion. We do not know if patients with different (less se-
vere) forms of vasovagal syncope or those with negative
head-up tilt testing, would have had the same results.

This study was carried out on a relatively small sample
of patients. A trend toward a prolonged time to first syn-
copal relapse was observed in the active pacing arm;
with a higher number of patients the difference could
have become significant. The outcome measurement
used in the study, namely the time to first recurrence
of syncope, could be not sufficiently sensitive in detect-
ing differences of efficacy between active and control
treatments. It is possible that a different outcome meas-
urement, i.e. the total burden of syncope, could have
been able to detect a reduction of total number of epi-
sodes in the active arm despite a similar percentage of
patients with recurrences in both groups. However, we
decided to interrupt the study because the high propor-
tion of patients continuing to have syncopal relapses
and the results of the VPS II made the continuation of
the trial unethical.
Future perspectives

One of the most important limitations of pacing in vas-
ovagal syncope is the timely detection of the onset of
the neurally-mediated reaction and triggering of pacing.
RDR, like the other algorithms utilized in the previous
 https://academic.oup.com/eurheartj/article-abstract/25/19/1741/5287
studies, is a sensing modality based on heart-rate reduc-
tion. It is possible that the use of different sensing mod-
alities, such as those based on cardiac contractility23 or
respiratory changes,24 might yield better results in pre-
venting syncopal relapse.
Conclusions

Although pacemaker implantation in patients with severe
vasovagal syncope seems to restore quality of life to a
normal level10 and offer an attractive cost-effectiveness
ratio,25 to date there is no proven efficacy of electrical
therapy for the treatment of recurrent vasovagal syn-
cope. Caution should therefore be exercised before inva-
sive treatment, including device therapy, is prescribed in
patients with a benign syndrome that is known not to af-
fect survival nor to increase morbidity.
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