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Dual-Chamber Pacing in the Treatment of Neurally
Mediated Tilt-Positive Cardioinhibitory Syncope

Pacemaker Versus No Therapy: A Multicenter Randomized Study

Richard Sutton, DSc Med; Michele Brignole, MD; Carlo Menozzi, MD; Antonio Raviele, MD;
Paolo Alboni, MD; Paolo Giani, MD; Angel Moya, MD;

for the Vasovagal Syncope International Study (VASIS) Investigators

Background—This study was performed to compare implantation of a DDI pacemaker with rate hysteresis with no implant
in respect to syncopal recurrences in patients with severe cardioinhibitory tilt-positive neurally mediated syncope.

Methods and Results—Forty-two patients from 18 European centers were randomized to receive a DDI pacemaker
programmed to 80 bpm with hysteresis of 45 bpm (19 patients) or no pacemaker (23 patients). Inclusion criteria were
$3 syncopes over the last 2 years and a positive cardioinhibitory (Vasovagal Syncope International Study types 2A and
2B) response to tilt testing. The median number of previous syncopal episodes was 6; asystolic response to tilt testing
was present in 36 patients (86%) (mean asystole, 13.9610.2 seconds). All patients were followed up for a minimum of
1.0 years and a maximum of 6.7 years (mean, 3.762.2). One patient (5%) in the pacemaker arm experienced recurrence
of syncope compared with 14 patients (61%) in the no-pacemaker arm (P50.0006). In the no-pacemaker arm, the
median time to first syncopal recurrence was 5 months, with a rate of 0.44 per year. On repeated tilt testing performed
within 15 days after enrollment, positive responses were observed in 59% of patients with pacemakers and in 61% of
patients without pacemakers (P5NS).

Conclusions—In a limited, select group of patients with tilt-positive cardioinhibitory syncope, DDI pacing with hysteresis
reduced the likelihood of syncope. The benefit of the therapy was maintained over the long term. Even in untreated
patients, the syncopal recurrence burden was low. A negative result of tilt testing was not a useful means to evaluate
therapy efficacy.(Circulation. 2000;102:294-299.)
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The usefulness of cardiac pacing for prevention of synco-
pal recurrences in patients affected by tilt-positive neu-

rally mediated syncope has been questioned owing to the
observation that the vasodepressor component often seems to
play a dominant role compared with the cardioinhibitory
component. In a tilting study,1 syncope was not prevented by
atropine or pacing. A few observational, nonrandomized
studies2–4 have suggested a possible benefit from pacing, but
syncope recurred in 18% to 50% of patients over a follow-up
ranging from 6 to 50 months. In a recent randomized,
controlled trial,5 there was an 84% reduction in risk of
syncope in pacemaker patients compared with patients with-
out pacemakers, but syncope still recurred in 22% of patients
during a 2-month follow-up. Pacemaker therapy was more
effective in a small series of tilt-positive patients who had the
fortuitous ECG documentation of a spontaneous asystolic
syncope.6 We formed the hypothesis that the greater the

cardioinhibitory component of the reflex is, the higher the
likelihood is that pacing therapy may be effective. The
pacemaker protocol of the Vasovagal Syncope International
Study (VASIS) was designed to investigate whether dual-
chamber pacing is able to prevent syncopal recurrences in
patients with severe cardioinhibitory tilt-positive responses.
Results of the drug (Etilefrine) protocol of the VASIS study
have recently been published.7

Methods
Study Protocol
This was a prospective, controlled, multicenter study with central
randomization: therapy versus no therapy. The study tested the
hypothesis that a decision to implant a DDI pacemaker with rate
hysteresis would reduce the risk of recurrence of syncope compared
with not implanting a pacemaker. The study protocol was previously
published.8 The main aim of the study was to evaluate the ability of
the active therapy to reduce the interval to first recurrence of
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syncope. Secondary aims were to investigate whether pacing is able
to reduce the total burden of syncopal recurrences, to evaluate the
natural history of tilt-induced cardioinhibitory neurally mediated
syncope, to evaluate the short-term effect of pacemaker therapy
during tilt testing, and to test the utility of the VASIS classification
of tilt-induced syncope8–10to identify patients who may benefit from
pacing therapy. The study protocol was approved by the ethics
committee of each participating center. All enrolled patients gave
written, informed consent.

Patient Eligibility
To be included in the study, the patients affected by neurally
mediated syncope had to fulfill the following 3 conditions:$3
syncopal episodes in the last 2 years, with the last episode occurring
within 6 months of enrollment and with an interval between the first
and the last episode of.6 months; positive VASIS type 2A or 2B
cardioinhibitory response to head-up tilt testing (definitions in the
Tilt Test Protocol Section); and age.40 years or, if,40 years,
proven refractoriness to conventional drug therapy. Eligible patients
who refused to participate in the pacemaker study were allowed to
enter the Etilefrine arm of the study. The diagnosis of neurally
mediated syncope was based, in addition to a positive tilt test result,
on the exclusion of all other possible causes of syncope by means of
a systematic workup as previously described.7,8 Patients were ex-
cluded if a cause of syncope other than vasovagal was known or
suspected.8 Other exclusion criteria included recent (,6 months)
myocardial infarction, severe heart failure (NYHA class III or IV),
concomitant severe chronic diseases (eg, diabetes mellitus, neuro-
logical diseases, terminal diseases, and neoplasia), and patient
refusal to participate in the study.

Tilt Test Protocol
The Westminster protocol,8,11–13ie, tilting to 60° for 45 minutes, was
used. It was highly recommended that we use noninvasive continu-
ous monitoring of arterial pressure; a sphygmomanometer cuff was
permitted, rendering subclassification into VASIS 2A and 2B cate-
gories difficult. Beginning in November 1996, sublingual nitroglyc-
erin provocation14 was added. If syncope did not develop during the
initial passive phase, 300mg nitroglycerin was administered sublin-
gually, and patients continued to be tilted for an additional 20
minutes. Overall, 3 patients (1 in the pacemaker arm and 2 in the
no-pacemaker arm) were enrolled because of a positive response to
nitroglycerin provocation.

The end point of the test was reproduction of syncope. For the
purposes of the study, only type 2 positive responses of the VASIS
classification8–10 were eligible for inclusion. Type 2A (cardioinhib-
itory) response is defined as the heart rate rising initially then falling
to a ventricular rate,40 bpm for.10 seconds or asystole occurring
for .3 seconds, with blood pressure rising initially then falling
before the heart rate falls. Type 2B (cardioinhibitory) response is
defined as the heart rate rising initially then falling to a ventricular
rate,40 bpm for.10 seconds or asystole occurring for.3 seconds,
with blood pressure rising initially and only falling to hypotensive
levels,80 mm Hg systolic at or after the onset of rapid and severe
heart rate fall.

Study Design
Eligible patients were assigned, according to a central computer-
generated randomization list, to 1 of the 2 study arms. Immediately
after randomization, treatment arm patients received a dual-chamber
pacemaker with rate hysteresis (Paragon III or Trilogy DC, St Jude
Medical) programmed as follows: DDI, 80 bpm; hysteresis, 45 bpm;
and AV interval, 150 ms. Patients in the no-pacemaker arm received
no specific therapy. In both groups, any other treatment for syncope
(drugs or elastic compression stockings) was forbidden. Six patients
were receiving medication for syncope before enrollment, but the
medications were discontinued because of obvious inefficacy. Any
other vasoactive treatment already in progress (eg, digitalis, diuret-
ics, or antihypertensives) was allowed to continue, with the recom-
mendation that their doses not be modified during follow-up.

A further head-up tilt test was performed within 15 days of
enrollment in the patients in both groups (no therapy for the control
arm and activated pacemaker for the pacemaker arm).

During follow-up, patients were monitored either clinically or by
telephone interview with the patient or the physician. The primary
study end point was recurrence of syncope. Recurrence of presyn-
cope, dizziness, and other minor events were not collected or
considered for analysis.

Statistical Methods
For the primary analysis, all outcomes were analyzed on the
intention-to-treat principle. A second analysis of efficacy (on-
treatment analysis was made primarily to demonstrate the natural
history of neurally mediated syncope (secondary end point).

The recurrence of syncope in the 2 treatment groups was tested by
using the odds ratio of the 2-binomial proportion analysis. Moreover,
the time to the first syncopal recurrence was analyzed by means of
Kaplan-Meier survival curves, and the curves were compared by
means of the log-rank test.

The assumption for the sample size calculation was that the
no-pacemaker arm would have a cumulative risk of recurrence of
syncope of 20%/y. We anticipated that a total of 60 patients would
have to be followed up for an average of 2 years to yield an 80%
power to detect a 75% reduction of risk of recurrence of syncope in
the active treatment arm withP50.05. Owing to the lower-than-
expected recruitment rate, enrollment ceased in May 1998. In
October 1998, an analysis was performed in which a treatment effect
in favor of pacing was observed; thus, a decision was made to
complete a minimum 1-year follow-up for all patients.

Results
Patient Characteristics
Screening logs were not maintained throughout the trial, but
we used data from tilt laboratory records to calculate that
during the study recruitment period,'1200 potentially eligi-
ble patients were initially screened. Of these, 42 patients
(3.5%) met all inclusion and exclusion criteria, gave informed
consent, were randomized and assigned to pacemaker or
no-pacemaker groups, and were followed up until the end of
the study according to the intention-to-treat principle. Enroll-
ment started in April 1992 and ended in May 1998.

All the patients were followed up for a minimum of 1.0
years and a maximum of 6.7 years (mean6SD, 3.762.2
years). Follow-up was completed in May 1999. No patient
was lost to follow-up.

Three patients assigned to the no-pacemaker group re-
quested a pacemaker implant within 1 month of randomiza-
tion before any recurrence of syncope. The reason for 1
patient was recurrence of presyncope. In the on-treatment
analysis, these patients were assigned to the pacemaker
group. Five other patients in the no-pacemaker group re-
ceived a pacemaker after the time of the primary end point
because of the recurrence of$1 syncopal episodes. In the
on-treatment analysis, their follow-up was censored at time of
pacemaker implantation (Figure 1).

The baseline characteristics of patients in the 2 groups
were broadly similar, but pacemaker group patients were
older (Table 1). Before enrollment, the patients had had a
median of 6 syncopal episodes. A severe cardioinhibitory
response to tilt testing causing a prolonged asystolic pause
.3 seconds was present in 36 of 42 patients (86%), with a
mean ventricular pause of 13.9610.2 seconds (median, 11.5
seconds; range, 3 to 34 seconds).
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Primary End Point
In the intention-to-treat analysis, syncope recurred in 1
patient (5%) in the pacemaker arm after 15 months and in 14
patients (61%) in the no-pacemaker arm after a median of 5
months (interquartile range, 2 to 20; Table 2); the difference
was highly significant (P50.0006). The Kaplan-Meier actu-
arial estimates of first recurrence of syncope after 1, 3, and 5
years were 0%, 6%, and 6% in the pacemaker group and 39%,
50%, and 75% in the no-pacemaker group (Figure 2).

Secondary End Points
The natural history of untreated patients was evaluated by
on-treatment analysis. Syncope recurred in 70% of untreated
patients (Table 2). The Kaplan-Meier actuarial estimates of
first recurrence of syncope after 1, 3, and 5 years were 45%,
57%, and 78% (Figure 3). Overall, only 24 episodes (mean,
1.760.9 per patient) occurred during a total follow-up of 54.7
years, yielding a rate of 0.44 episodes per year. As expected,
the comparison with the treated patients was even higher with
the on-treatment analysis than with intention-to-treat analysis.
In no case did syncopal relapse cause injury.

On repeat tilt testing performed within 15 days of enroll-
ment, pacemaker treatment was not superior to no therapy in
preventing tilt-induced syncope (Table 2). In the no-
pacemaker arm, overall reproducibility of positive responses
between the first and second tests was 61% (11 of 18); of type
2 responses, 50% (9 of 18); and of asystolic responses, 41%
(7 of 17 cases). In the pacemaker arm, the tilt test was
repeated with the pacemaker programmed at a rate of 80 bpm
with a hysteresis rate of 45 bpm. There were 10 of 17 positive
responses (59%). In 5 patients, the heart rate never decreased
below 45 bpm, so the pacemaker remained inactive; in 5
patients, syncope occurred despite activation of pacing ther-
apy. Of the 7 negative cases, the pacemaker was activated and
possibly prevented syncope in only 1 patient.

Three patients developed stable or paroxysmal second-
degree AV block during follow-up. There were 2 deaths in
the pacemaker arm, 1 caused by stroke and 1 by cancer.

Discussion
This study shows that dual-chamber permanent pacing mark-
edly reduces the likelihood of a recurrence of syncope in
patients with severe cardioinhibitory response to tilt testing to
about 1%/y. The benefits of pacing treatment are maintained

for $5 years. If left untreated, about half the patients would
have had recurrence of syncope within 1 year and about two
thirds within 5 years, as can be presumed by the results
observed in the control group.

Pacemaker therapy was more effective than in other
studies2–5 in which syncope recurred in 18% to 50% of
patients. We think that a possible explanation for these better
results was the different selection of patients. Indeed, all our
patients had had a severe cardioinhibitory response of type
2A or 2B during tilt testing, and almost all had a very long
ventricular pause at the time of induced syncope. This
suggests that when asystole is part of the mechanism of the
vasovagal response, pacing is likely to be effective and that
this good result could be predicted by a cardioinhibitory
response to tilt testing. In this respect, the study validates the
usefulness of our protocol of tilt testing and of the VASIS
classification.

The results may have been influenced by the lower-than-
expected recruitment rate. It is likely that only the “worst” or
“most severe” cases were included. It seems clear that all
enrolled patients had to have extensive discussions before
becoming ready to accept the notion of pacemaker implanta-
tion before randomization; indeed, no patient who was
randomized to a pacemaker subsequently refused, and 3

TABLE 1. Baseline Clinical Characteristics

Pacemaker
(n519)

No Pacemaker
(n523)

Age, y 64611* 56614*

Male, n (%) 11 (58) 13 (57)

Syncope episodes in lifetime, n, median
(interquartile range)

5 (3–12) 6 (3–10)

Syncope episodes in last 2 y, n, median
(interquartile range)

3 (3–4) 3 (3–4.5)

Duration of symptoms, y, median
(interquartile range)

4 (2–14) 5 (2.5–12)

Presyncope, n (%) 12 (63) 16 (70)

Presyncope episodes in last 2 y, n,
median (interquartile range)

4 (1–10) 6 (5–30)

Trauma secondary to syncope, n (%) 8 (42) 10 (43)

Previous drug treatment, n (%) 2 (11) 4 (17)

History of suspected vasovagal or
situational syncope, n (%)

10 (53) 13 (57)

Associated cardiovascular disorders, n (%) 9 (47) 7 (30)

Hypertension on therapy, n 4 4

Atherosclerotic, n 4 3

Valvular, n 1 1

ECG abnormalities, n (%) 3 (16) 4 (17)

Echocardiographic abnormalities, n (%) 6 (32) 6 (26)

Response to baseline tilt testing

Type 2A, n (%) 8 (42) 8 (35)

Type 2B, n (%) 8 (42) 11 (48)

Type 2 (undefined), n (%) 3 (16) 4 (17)

Asystolic, n (%) 15 (79) 21 (91)

Mean asystole, s 15.2612.0 13.068.9

*P50.05.

Figure 1. Flow diagram of trial. Pm indicates pacemaker.
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patients randomized to no treatment required the implantation
of a pacemaker soon after randomization. Thus, the “deci-
sion” process was a prerequisite for all candidates. The
decision to accept a “no-return” treatment severely restricted
the patients who accepted to be enrolled much more than, for
example, when a drug was proposed.7 We do not exactly
know the reasons other than the predefined inclusion and
exclusion criteria that made investigators include or exclude
a patient. There are some possible explanations. First, patients
with long asystolic responses were preferred for inclusion
over those with cardioinhibition without asystole. Indeed, the
percentage of asystolic forms observed in the present study—
86% of all type 2 responses—is higher than that observed in
2 unselected populations, 48% and 65% respectively.15,16

Second, the clinical judgment of disease severity is largely
individual and is based on the patient’s and the physician’s
perceptions of the disease in that patient. These concepts can

hardly be defined in a study protocol but may play an
important role in the selection of more severely ill patients.
For these reasons, caution must be used when the results of
this study are applied to a general population of patients
presenting with cardioinhibitory response to tilt testing.

Comparison With the North American Vasovagal
Pacemaker Study
Our results substantiate those of the other existing random-
ized prospective study, ie, the North American Vasovagal
Pacemaker Study.5 In both studies, the control group did not
include the implantation of a device; thus, the studies were
not blinded. We therefore cannot exclude a bias in assessment
of outcome, and there is some potential for a “placebo effect”
of psychological benefit from receiving a pacemaker. Thus,
more precisely, the conclusion of the study should be that the
decision to implant a pacemaker was better than no treatment.

Figure 2. Kaplan-Meier estimates of probability of remaining
free of syncopal recurrences in 19 patients in pacemaker arm
and 23 patients in no-pacemaker arm in intention-to-treat
analysis.

Figure 3. Kaplan-Meier estimates of probability of remaining
free of syncopal recurrences in 22 patients in pacemaker arm
and 20 patients in no-pacemaker arm in on-treatment analysis.

TABLE 2. Primary and Secondary Outcome Events by Group

Outcome Event Pacemaker No Pacemaker Risk Ratio (95% CI) P

Intention-to-treat analysis

Patients in analysis, n 19 23

Syncopal recurrence, n (%) 1 (5) 14 (61) 0.04 (0.005–0.3) 0.0006

Total syncope episodes, n 2 26

Mean per patient, n 2 1.961.2

Median time to first recurrence, mo (interquartile range) 15 5 (2–20)

Follow-up, y 72.2 75.9

Rate per year 0.03 0.34

On-treatment analysis

Patients in analysis, n 22 20

Syncopal recurrence, n (%) 1 (5) 14 (70) 0.02 (0.003–0.2) 0.0001

Total syncope episodes, n 2 24

Mean per patient, n 2 1.760.9

Median time to first recurrence, mo (interquartile range) 15 5 (2–20)

Follow-up, y 77.8 54.7

Rate per year 0.03 0.44

Acute effect (repeated positive tilt testing), n (%) 10/17 (59)* 11/18 (61)* 0.84 (0.19–4.3) 0.84

*Control tilt testing not performed in 5 and 2 patients in the pacemaker and no-pacemaker groups, respectively, because of patient
refusal.
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When the study was planned in 1992, we decided not to
control for the implantation itself because at that time we
knew very little of the natural history of severe vasovagal
syncope and because device implantation was not justified in
all candidates. However, it is unlikely that a placebo can
account for all the dramatic reduction in syncopal recur-
rences. For example, in the VASIS Etilefrine Study,7 the
placebo arm yielded a recurrence rate of syncope of 24% at 1
year, which remains much higher than that observed with
pacemakers activated. Moreover, the very long duration of
the follow-up makes it unlikely that a pacemaker that was
switched off could have prevented syncopal relapses.

There are some important differences between the 2
studies. Apart from the different tilt protocols—long passive
phase versus isoproterenol challenge—that have already been
discussed, the clinical characteristics of the 2 populations
seem quite different. In the North American Pacemaker
Study, patients were younger (mean age, 43 years); had had
more episodes of syncope both during their lifetimes and
during the last year (median, 3 to 6 episodes during the last
year); and in those randomized to no pacemaker, the mean
time from randomization to first syncopal relapse was shorter
(only 54 days). Even though in the untreated arm the rate of
recurrence of syncope was similar to that of our study, these
differences could partially explain the different outcome of
the treated patients. Unfortunately, in the American study,
data were censored to the time of the first syncopal recur-
rence, so a comparison with the total burden of syncope
cannot be made. We used a conventional pacemaker pro-
grammed to prevent extreme bradycardia and asystole,
whereas in the other study, a specifically designed device
with a rate-response feature and a higher pacing rate (100
bpm) was implanted. Given the good results, in our popula-
tion, these features may not add significant benefit. This is in
contrast to some published data.17

Natural History
In the untreated group, the total burden of syncope was lower
than expected, with a syncopal recurrence rate of 0.44%/y
during a follow-up of.3 years. Because this rate was lower
than that observed in the 2 years before enrollment, there was
a spontaneous decrease in syncopal episodes even in the
absence of any active or placebo treatment. This fact had
already been observed in previous studies evaluating the
outcome of patients after diagnostic tilt testing.18–20 The
reason is unclear. One could argue that the simple fact that a
patient was evaluated and diagnosed has a therapeutic effect,
probably because the patient learns to recognize the onset of
syncopal symptoms and to avoid loss of consciousness.
Another explanation may be that syncopal episodes occur in
clusters, with the maximum number of episodes at the time of
evaluation.20 Anyway, the low recurrence rate and the low
risk of related injury we observed suggest that the use of
pacemaker therapy could be restricted only to those patients
who have frequent relapses, after diagnostic evaluation, or are
at risk of associated injuries.

Value of Repeated Tilt Testing
Previous studies have shown that the reproducibility of
passive tilt testing is'60% to 80%.13,18,21 When subjects

were given a placebo, the reproducibility rate decreased to
55% in the VASIS Etilefrine Study.7 The present study
confirms that the same reproducibility applies to the cardioin-
hibitory forms. Moreover, pacemaker therapy was unable to
prevent syncopal recurrences during tilt testing, as shown by
Sra et al1 in a short-term study. The present result indicates
that short-term studies cannot predict the long-term outcome.

Study Limitations
Despite randomization, pacemaker patients were older than
no-pacemaker patients. It is unlikely that the age imbalance
could have modified results substantially because no data in
the literature show that the recurrence rate of syncope is
different between young and old patients. Moreover, the 2
groups were well balanced for all other baseline characteris-
tics (Table 1). As discussed, the study was not blinded, with
no device implantation in the control arm. Recurrences of
presyncope and dizziness were not collected, but there were
no differences between the 2 groups at enrollment (Table 1).
It is possible that pacemaker therapy aborted syncope in
many patients, but they were still symptomatic with dizziness
or presyncope. However, presyncope and dizziness are less
easy to define than syncope and are difficult to evaluate in a
long follow-up study. Furthermore, for a syncopal patient to
be converted to presyncope could be regarded as a benefit
because the symptoms are less severe and falls with injury
will not occur. Finally, a longer follow-up is necessary to
assess any potential deleterious effect of long-term pacing in
the same cohort of patients.

Conclusions
Dual-chamber pacing at a rate of 80 bpm reduces the
likelihood of syncope in patients with tilt-positive cardioin-
hibitory syncope, and the benefits are maintained for several
years. Because in untreated patients the syncopal recurrence
rate is low and the outcome benign for many years, further
studies are required to define the indications for this therapy.
Currently, it seems prudent to limit pacemaker use to a few
select, severely symptomatic patients who are particularly
predisposed to injury or accidents or have frequent relapses.

Appendix
VASIS Participating Centers and Investigators
The number of patients is given in parentheses.

Italy
Ospedale S. Maria Nuova, Reggio Emilia: Lolli Gino (8); Ospedali
Riuniti, Lavagna: Oddone Daniele (4); Ospedale Civile, Imperia:
Musso Giacomo (3); Ospedale Civile Ferrari, Casarano: Pettinati
Giacinto (3); Ospedale S. Andrea, Vercelli: Gronda Maurizio (2);
Ospedale S. Agostino, Modena: Moracchini Pier Vittorio, Giuliani
Mauro (2); Ospedale Civile, Desenzano sul Garda: Ziacchi Vigilio
(2); Ospedale S. Gerardo, Monza: Vincenti Antonio (2); Ospedale S.
Spirito, Roma: Carunchio Alessandro (2); Ospedale Bolognini Seri-
ate: Giudici Vittorio, Leoni Giuseppe (1); Ospedale Civile, Mirano:
Sartori Federico (1); and Ospedale Umberto I, Mestre: Giada
Franco (1).

Sweden
Sahlqrenska Hospital, Gothenburg: Edvardsson Nils (4); and Uni-
versity Hospital, Umea: Rask Peter (2).
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United Kingdom
Chelsea and Westminster Hospital, London: Richard Sutton (1); and
Royal Victoria Infirmary, Newcastle-on-Tyne: Kenny Rose Anne
(1).

Poland
University Hospital, Gdansk: Kozlowski Dariusz (2).

Spain
Valme University Hospital, Seville: Vazques Rafael (1).

Organizing Committee (Steering Committee)
R. Sutton (chairman), P. Alboni, M. Brignole, P. Giani, C. Menozzi,
A. Moya, and A. Raviele.

Liaison Committee
R. Sutton, M. Brignole, and A. Raviele.

External Monitoring and Safety Committee
D. Benditt, J.J. Blanc, J. Perrins, and E. Piccolo.

Acknowledgment
The study was supported by a grant from St Jude Medical, CRM
Division, Järfälla, Sweden.
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