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Abstract
Reflex syncope is among the most commonly encountered in the clinical practice. Most of these events are mild and do 
not require major therapeutic interventions. The major problem is recurrent syncope with injuries and a short prodromal 
symptom phase, usually related to a significant cardiodepressive response. One treatment method is implantation of 
a cardiac pacemaker. The aim of this article is to present the current knowledge on this subject.
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Introduction

Syncope is a transient loss of consciousness due to hy-
poperfusion of the central nervous system. Syncope is 
typically characterized by an abrupt onset, short duration, 
and spontaneous and complete return of consciousness. 
Syncope may be categorized into reflex, orthostatic and 
cardiogenic [1]. The category of reflex syncope includes 
the most commonly occurring vasovagal syncope (VVS). 
Depending on the dominant response of the cardiovascular 
system, VVS may be further subcategorized into the car-
diodepressive (with bradycardia < 40 beats per minute or 
asystole > 3 s), vasodepressive (with hypotension without 
significant slowing of the sinus rhythm), and mixed type [2].

In a large majority of cases, VVS is mild and does not 
require any intervention except for non-pharmacological 
management (informing and educating about the triggers, 
recognition of prodromal symptoms, and maneuvers to 
avoid loss of consciousness) [1]. Novel methods are also 

used to improve autonomic nervous system regulation, in-
cluding tilt training and heart rate variability (HRV) train-
ing by biofeedback, which may aid non-pharmacological 
management [3, 4]. A major problem is “severe syncope” 
— frequent and recurring episodes, particularly with a short 
prodromal phase. These events are associated with a risk 
of injury, and significantly impair the quality of life of the 
patients, interfering with their school, professional and 
social activities. Currently, no universal therapy is availa-
ble that would be effective in all forms of reflex syncope. 
The 2018 European Society of Cardiology (ESC) guidelines 
recommend isometric exercise (class I), orthostatic train-
ing (class IIb), drug therapy (with midodrine and fludrocor-
tisone — class IIb), and cardiac pacing (class IIa/IIb) [1]. 
Cardiac pacing may be expected to be effective in patients 
with a predominant cardiodepressive component of VVS 
by preventing severe bradycardia or asystole. The present 
article summarizes the results of the studies on cardiac 
pacing in patients with reflex syncope.
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randomized, double-blind trial, 100 patients with VVS had 
a dual chamber pacemaker implanted. The patients were 
then randomized to “active” pacing (DDD pacing with the 
RDR algorithm) or to the “inactive” stimulation (ODO stim-
ulation, i.e. completely deactivated stimulation). Among 
52 patients randomized to the ODO group, recurrent syn-
cope at 6 months was noted in 22 (42%), compared to 
16 (33%) of 48 patients in the DDD group. DDD pacing was 
found to be associated with a 30% reduction in the risk of 
syncope (95% CI from –33% to 63%; one-sided p = 0.14) 
but the effect was not statistically significant [9]. Similar 
results were obtained in the Vasovagal Syncope and Pac-
ing Trial (SYNPACE) [20].

Another randomized, placebo-controlled, double-blind 
trial was the Third International Study on Syncope of Un-
certain Etiology (ISSUE 3). It included patients at least 
40 years of age (mean age 63 years) with at least 3 synco-
pal events over 2 years, in whom syncope was associated 
with asystole lasting at least 3 seconds, or asymptomatic 
asystole lasting more than 6 seconds was documented by 
an implantable loop recorder (ILR). The patients were ran-
domized to DDD pacing with the RDR algorithm or rhythm 
monitoring only. The rate of recurrent syncope at 2 years 
was 57% (95% CI 40–74) in the no pacing group compared 
to 25% (95% CI 13–45) in the active treatment group (re-
duction by 57%, p = 0.039) [21].

Of note, with the RDR algorithm, pacing is initiated only 
in response to a drop in the heart rate, when the vasovagal 
reaction is already well underway (in VVS, bradycardia is 
usually preceded by hypotension and a fall in cardiac out-
put). This may be one reason why pacing does not always 
prevent syncope.

Another evaluated approach to pacing in patients with 
VVS was the closed loop stimulation (CLS) algorithm. In 
this method, measurement of intracardiac impedance 
serves as an indirect indicator of right ventricular con-
tractility. Based on the measured value, pacing is initiat-
ed and its rate adjusted so as to prevent the vasovagal 
reaction at its early stage (before development of brad-
ycardia or asystole). In the Inotropy Controlled Pacing in 
Vasovagal Syncope (INVASY) study, patients with recurrent 
syncope of the cardiodepressive type were randomized 
to DDD-CLS or DDI pacing. A recurrent syncopal event 
occurred in 7 of 9 patients in the DDI group, compared 
to none of 41 patients in the DDD-CLS group [22]. Simi-
lar results were obtained in the Closed Loop Stimulation 
for Neuromediated Syncope (SPAIN) study. It was a ran-
domized, double blind, crossover trial that included pa-
tients at least 40 years of age with a history of frequent 
syncope (≥ 5 episodes, or ≥ 2 episodes during the last 
12 months) and a cardiodepressive reaction confirmed 
during the tilt test. An at least 50% reduction in the num-
ber of syncopal events was found in 72% (95% CI 47–90%) 

Role of cardiac pacing in vasovagal syncope

When selecting patients with reflex syncope for cardiac 
pacing, one should take into account the complex nature 
of the vasovagal reflex; the result of tilt testing does not 
always reflect actual syncopal events occurring in the 
patient’s life [5]. This is particularly true with the most 
commonly used testing approach using nitroglycerin, often 
provoking prolonged asystole which may not necessarily 
occur during actual syncopal events in a given patient. In 
addition, syncopal events with vasodepressive and cardi-
odepressive components of varying severity may occur in 
the same patient, depending on specific circumstances and 
the patient’s age [6, 7]. It was also shown that changes in 
heart rate and blood pressure do not occur simultaneously. 
Loss of consciousness may result from hypotension even 
before asystole occurs [8]. In such circumstances, syncope 
may continue to occur despite pacemaker implantation.

On the other hand, early initiation of pacing with the pro-
vision of appropriately rapid heart rate may help maintain 
normal cardiac output and prolong the prodromal phase, 
which gives the patient time to assume a safer body posi-
tion to prevent syncope and related injuries [9, 10]. Anoth-
er argument for pacing in VVS, particularly among patients 
above 60 years of age, is frequent concomitant presence 
of automaticity and conduction disorders within the sino-
atrial node [11, 12].

Studies to prove the efficacy of implanted cardiac pace-
makers in the management of VVS have been undertaken 
for many years. Initially, similarly to the management of 
paroxysmal third degree atrioventricular block, VVI pacing 
[13] followed by DDD pacing [14] was used. However, this 
therapy had no effect on the rate of syncopal events, while 
leading to a worsening of the quality of life in some patients 
(periods of inappropriate pacing, lack of atrioventricular 
synchrony, episodes of pacemaker-mediated tachycardia). 
The next step was the introduction of DDI pacing followed 
by hysteresis (initially negative, and then the search/scan 
hysteresis) [2, 15–17].

Based on the results of these studies, the rate drop re-
sponse (RDR) algorithm was developed whereby sudden 
drop in the heart rate during VVS triggered a sequential 
atrioventricular pacing with a rate much higher compared 
to the basic pacing rate [18, 19]. The initial data were very 
promising. In the North American Vasovagal Pacemaker 
Study (VPS) I study, patients with at least 3 syncopal ep-
isodes and a positive tilt test result were randomized to 
dual-chamber pacing with the RDR algorithm or no pac-
ing. In the pacing group, a reduction in the syncope rate by 
85% was observed (confidence interval [CI] 59.7–94.7%, 
p = 0.00002) but the placebo effect of pacemaker im-
plantation itself could not be excluded [10]. The latter is-
sue was evaluated in the VPS II study. In this multi-center, 
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of patients in the DDD-CLS group compared to 28% (95% 
CI 9.7–53.5%) of patients in the DDI group (p = 0.017) 
[23]. In a metaanalysis that compared conventional pac-
ing with CLS-based pacing in patients with recurrent 
VVS (6 studies, 224 patients), a clear superiority of CLS-
based pacing was shown [24]. Similar results were ob-
tained when CLS-based pacing was compared with RDR- 
-based pacing (a meta-analysis of 5 studies, n = 228) [25].

Conclusions

The proven efficacy of pacing does not mean it is always 
necessary. According to the 2018 ESC guidelines on the 
management of syncope [1], this therapy should be limited 
to a highly selected group of patients with severe reflex 
syncope. These are mostly older patients with recurrent 
loss of consciousness, short prodromal phase, and a high 
risk of injuries. The guidelines also noted that pacing 
should not be used (a class III recommendation) if the 
cardiodepressive mechanism of syncope was not shown. 
A class IIa recommendation was given for patients above 40 
years of age with spontaneous symptomatic pause lasting 
more than 3 seconds or an asymptomatic one lasting more 
than 6 seconds. Pacing may also be considered in patients 
above 40 years of age with frequent abrupt syncopal event 
and asystole documented during the tilt test (a class IIb 
recommendation).

However, both these indications have a class I A rec-
ommendation in the most recent 2021 ESC guidelines on 
cardiac pacing [26]. This change is related to new studies 
on patients with asystole during the tilt test that were pub-
lished since the publication of the previous guidelines. It 
was found that patients with at least 2 syncopal events 
per year and a pause lasting more than 3 seconds doc-
umented during the tilt test responded well to DDD pac-
ing during reflex syncopal episodes. Thus, the tilt test was 
found to be useful not only for the diagnosis but also when 
selecting patients for this therapy. Patients with sponta-
neous asystole due to the vasovagal reflex (functional or 
adenosine-sensitive) were also given a class I recommen-
dation for pacemaker implantation. Asystole during synco-
pe induced during the tilt-test was also considered a class 
I recommendation, while a class IIb recommendation was 
retained for adenosine-induced asystole. Of note, despite 
these changes in the level of recommendation, available 
data are insufficient to recommend pacemaker implanta-
tion in individuals below 40 years of age, and thus no such 
recommendation was given in the guideline document. 
In younger patients with predominantly cardiodepressive 
VVS, a possibility of lead- and pacemaker-related late long- 
-term complications should be always taken in account. In 
these patients, cardioneuroablation (CNA) may be an alter-
native treatment approach. Initial reports on CNA in VVS 
showed a relevant reduction in frequency or even complete 

elimination of syncopal events. However, this method re-
quires further studies [27].
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