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asovagal syncope is common, and while it is usually associated with a benign prognosis, it results in significant physical and
psychological morbidity for affected individuals. Despite comprehensive understanding of the underlying pathophysiology,
there have been few definitive therapeutic advances until recent randomized, controlled trials in pharmacotherapy, pacing and
cardioneuroablation. In this review, we highlight the increasing recognition that the condition is multifactorial, and emphasize and discuss
multifaceted management approaches, including education, psychological wellbeing, dietary and fluid intake, pharmacotherapy and

cardiac intervention.
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Syncope — a rapid onset, transient loss of consciousness with spontaneous complete recovery,
and resulting from cerebral hypoperfusion — is common.' With a cumulative lifetime incidence of
35-50%, syncope accounts for 1-3% of emergency department visits** Vasovagal
syncope (WS) is the most common cause of syncope.* While WS is usually associated with a
benign prognosis, it is linked with notable morbidity and psychological distress, particularly if
there is a delay in diagnosis.® Also, its prognosis may not be as benign as has been assumed,
as it appears to carry an increased likelihood of cardiovascular disease in later life.* Recurrent
VWS is associated with impaired quality of life, and functional impairment similar to other chronic
diseases such as back pain and rheumatoid arthritis.”® Psychosocial impairment, somatisation,
anxiety and depression are common.?

Despite advances in the understanding of the pathophysiology of VVS, significant uncertainty
remains. Individuals with VWS represent a heterogenous patient population, and different
mechanisms are likely to contribute. These mechanisms are still not fully understood. Therefore,
determining dominant mechanisms and modifying therapies accordingly is not always possible.
In this review, we first describe the pathophysiology of the condition and discuss an approach
for evaluating patients with VWS, emphasising holistic, multifaceted care. We also discuss current
and emerging therapies. While some practical, conservative measures remain effective and are
recommended, newer interventions, such as pacing and ganglionic plexus ablation, may bring
relief for some patients.

Pathophysiology of vasovagal syncope

When a healthy person stands up, gravitational forces cause 500-1000 mL of blood to pool in the
pelvic, abdominal and leg vessels, resulting in reduced venous return to the heart. Baroreceptor
firing in the carotid sinus increases dynamically in response to reduced stretch of the vessel wall
caused by a fall in arterial pressure. This results in increased sympathetic tone and withdrawal
of parasympathetic (vagal) tone, which is mediated by the nucleus solitarius in the brainstem.
As a result, the heart rate increases, and peripheral vasoconstriction occurs. Blood pressure (BP)
recovers, or is maintained, allowing the individual to continue standing.”™

VWS is a neural reflex involving the autonomic nervous system. This is manifested by the vagally
mediated Bezold-Jarisch reflex. In response to reduced filling of the left ventricle or the right atrium
by reduced venous return (due to venous pooling in the splanchnic bed), parasympathetic activity
is increased and sympathetic activation is decreased. A triad of bradycardia, hypotension and
altered respiratory pattern ensues.™ Four stages have been described below and are illustrated
in Figure 1.°

1. Anearly stabilization phase after standing, when lower body venous pooling occurs, resulting in

decreased ventricular filling followed by compensatory vasoconstriction to increase systemic
vascular resistance. Cardiac output is maintained or slightly falls.
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Figure 1: Pathophysiology of vasovagal syncope
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The four stages of VVS: 1. Venous pooling in the lower body on standing, resulting in decreased ventricular filling and compensatory vasoconstriction. 2. BP begins to fall but
compensatory vascular resistance rises, oscillating BP may be seen. 3. Cardioinhibition and greater hypotension ensues, resulting in syncope. 4. Recovery, characterized by
increased venous return to the heart, increased cardiac output and restoration of cerebral perfusion.

BP = blood pressure,; CO = cardiac output; FiO, = fraction of inspired oxygen, HR = heart rate, SVR = systemic vascular resistance, VVS = vasovagal syncope.

2. Circulatory instability occurs when cardiac output falls slightly but
compensatory systemic vascular resistance rises; in this period
there may be oscillation of BP suggesting a failing or stressed
servo-mechanism. This period is dominated by falling BP known as
vasodepression.

3. Terminal hypotension and syncope, which is marked by a sudden
fall in BP due to the onset of cardioinhibition and usually
preceded by sympathetic withdrawal, possibly related to the
well-recognized epinephrine  peak beginning to fall.  With
cardioinhibition (vagal influence), the heart rate falls steeply even to
asystole. The duration of vasodepression is approximately 9 minutes
before onset of cardioinhibition.” During this phase, autonomic
symptoms such as flushing and nausea may be expected. Pancreatic
polypeptide levels rise in the terminal phase, probably as a marker
of vagal activity and relates to nausea or vomiting. This change may
continue into recovery.® The point at which syncope occurs depends
on the speed and extent of hypotension and cerebral autoregulation.
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It is known that cerebral oxygenation begins to fall early in stage 2 and
is <60% at syncope when the BP is usually <60 mmHg.™

4. The final stage is recovery; when the individual is supine after losing
consciousness, venous return increases by the gravitational change
draining the splanchnic pooling into the right heart, rapidly improving
preload, stroke volume and cardiac output to provide resumption of
cerebral perfusion (Figure 1).1°

The different heart rate and BP behaviours during orthostasis can
be classified into collapse patterns, which are described and later
modified by the Vasovagal Syncope International Study (VASIS).”
The intention was to be able to correctly target any therapy.
Unfortunately, this has proved less reliable than hoped. Nevertheless,
the VASIS classification remains widely used in practice. The
most common form (type 1) is a mixed pattern of vasodepression
and cardioinhibition. Type 2 describes patterns dominated by
cardioinhibition. Type 2A is less severe than 2B, which includes
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asystole. Type 3 is a pattern in which vasodepression dominates and
heart rate fall is present but minimal.

Neuroendocrine activity plays a part in the reflex probably as a protective
mechanism and begins with vasopressin release, followed by epinephrine.
High epinephrine levels have a vasodilatory effect on skeletal muscle,
favouring some fall in BR™2 Other neurotransmitters that can modulate
neuroendocrine status include serotonin, adenosine and opioids.™

Evaluation

When assessing an individual with suspected WS, a comprehensive
history and witness account are crucial for making a diagnosis. A detailed
description of the circumstances around the event should be elicited,
including the ambient environment, temperature, provoking factors,
posture at the time of syncope (and the duration of that posture) and the
individual's general health and hydration status at the time. Autonomic
symptoms prior to syncope, such as sensations of warmth, nausea,
light-headedness, visual dimming and auditory dimming, are very
common. Previous episodes, along with medical history and medication
history should be recorded. Care should be taken to consider a differential
diagnosis, asking specifically about lateral tongue bite, prolonged loss of
consciousness and prolonged confusion after the episode, which suggest
a seizure. Full details are reported together with the potential for a definite
diagnosis by this approach in >90% of those presenting.3 Absent or
very brief prodrome, or injury suggesting lack of warning, should prompt
exclusion of arrhythmia or structural heart disease. However, brief or absent
prodromes occur in older subjects with WS mostly due to retrograde
amnesia.” Detailed physical examination and electrocardiogram should
be performed to exclude - as far as possible — structural heart disease,
although echocardiography may be needed in some.

Tilt table tests are valuable for confirming the diagnosis.” In common

with most medical tests, sensitivity and specificity are not perfect, so

a negative tilt table test does not exclude VS22 However, a recent

meta-analysis showed a discriminatory ability to detect WS, with an

odds ratio of 12.5 compared with asymptomatic individuals.? Recent

European Society of Cardiology (ESC) guidelines recommend the use of

tilt table testing in VVS (Class 2A) for:

e confirming a diagnosis of reflex syncope (as well as other orthostatic
intolerance syndromes) when suspected, but not confirmed,

e educating and empowering the patient to recognize symptoms and
appreciate the effects of counter pressure manoeuvres; and

e to recognize a ‘hypotensive susceptibility’ in individuals with
unexplained syncope, albeit acknowledging that this may not explain
the full mechanism of syncope and thus not make a full diagnosis.
Recognition of ‘hypotensive susceptibility’ is of great value when
pacing is being considered as, if it exists, future syncope recurrences
will be more frequent.'#

Implantable loop recorders (ILRs) are indicated when structural heart
disease is excluded and another diagnosis is uncertain from the initial
evaluation, with or without tilt testing. In our practice, tilt testing is
often chosen before ILR because of our familiarity with the test and its
favourable economic outcome. This does not exactly follow the advice of
the ESC guidelines.' A modified strategy based on those guidelines is that
described by Brignole et al. in the Syncope Unit 2 project.?

Belief, hope and expectation of recovery: Tools
for empowerment and improved compliance

A strong benefit of tilt table testing is the ability to clearly demonstrate
the BP and heart rate changes in the patient on a beat-to-beat basis,

correlating these changes with the patient’s own experience of clinical
symptoms. In our experience of over 6,000 tilt testing procedures
(unpublished), one of the recurring themes from our patients relates to
beliefs. In our tertiary syncope centre, we are often referred patients who
have undergone multiple investigations and who have seen colleagues
in neurology, cardiology and general internal medicine. These patients
have developed the inappropriate belief that some of their pre-syncopal
symptoms, such as chest pain, palpitations and shortness of breath,
may be due to a sinister, potentially life-threatening cause, which is
yet to be discovered. This may be because the investigations until
this point have been normal. They believe that an important diagnosis
has been missed, which may directly contribute to harm and distress
and have a major impact on the patient’s wellbeing.® Their beliefs
may be enhanced by family members who have witnessed attacks
and been very frightened by what they have seen, as the subject may
have appeared dead or had abnormal jerky movements that could be
misinterpreted as epilepsy.

In these instances, patients who attend for tilting and who receive a
full explanation of their clinical experience, anchored by their tilt data,
are immediately able to accept and believe that all their symptoms,
including the perceived ‘sinister’ ones, can be explained by BP and
heart rate fluctuations. Once the patient accepts and comprehends
the diagnosis, our clinical tilt team enforces expectation of complete
recovery, through an understanding of the mechanisms underscoring
the symptoms, and (usually) conservative management strategies.
Thus, hope is instilled; perhaps the most important but overlooked
component of successful patient recovery, because with hope comes
a shift in outlook pointing towards recovery, manifested by improved
compliance and, ultimately, better health.

Figure 2 shows the tilt tracing of a 28-year-old female patient whose
presentation was atypical of WS. Within the first 6 minutes of being
head-up tilted, she started to experience palpitations and chest pain,
and within 8 minutes she experienced shortness of breath. These
symptoms worsened throughout the passive phase of tilting, and
eventually VVS occurred, with a VASIS 1 pattern (mixed vasodepressor
and cardioinhibitory response). Symptoms included light-headedness
and dizziness, with loss of vision 30 seconds before syncope. Our
patient's symptom profile of daily episodes of palpitations, shortness
of breath and chest pain, with rarer monthly episodes of near-syncope/
syncope, were recognized by her as being reproduced on tilt; for her
this resulted in full reassurance. The findings were demonstrable for the
patient to see on the recordings, with sympathetic activation resulting
in sinus tachycardia, tachypnoea and probable atypical chest pain
from increased cardiac inotropy and chronotropy. Thus, this tilt table
test was highly beneficial and reassuring to the patient in revealing
the physiological changes to explain the symptoms. Furthermore, she
could see the helpful effects of using counter-pressure manoeuvres at
symptom onset to reverse the changes. There are strikingly few data on
the positive psychological benefits of tilt testing, and this may be an area
of future research in identifying effective therapies.

Management

Overall principles of management

As a result of the psychosocial impairment and distress caused
by recurrent syncope, and the resultant loss of quality of life, an
empathetic, holistic, patient-based approach is a core tenet of caress
There is a paucity of definitive high-quality evidence for management,
so individualized multidisciplinary care is essential. A summary of
recommendations is shown in Table 1.
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Figure 2: Tilt trace showing a young woman with vasovagal syncope

Head-up tilt .
150 S
E":\O 100
IS
E
g
>
g \ ‘
I i \ 3 ‘
g Lo | S i
o 7 :
o I : : Loss of sympathetic !
| R | | tone — hypotension| | %
| I & | : T (I
| I3 | E 5 [
i | | | g [ :
0 I} | [ | i i \ | i
1 v ™ s s ek o S
. b £ aca i, x A :
[ RPN b3 ‘Q} 6%“\%
R ,/59 RS NS
L L ,?;;,{f AT ;, o
RO o AR
= .~’ 'J"“ v*' RSN TR, R JRT: DRI NS SR A . 7. N . <5
B o0 p N Bt b
= [ [ A AR P
i) 50 - . ¢ % TR, T f ; . / (O [/ RO - T
: : bk
: o A
= i I 11 e -
s 40 3 : | Presyncope: (I
T || Adrenergic surge — : .
30 - 1| palpitations, woeo| Reflex increase [ b
|| breathlessness and in vagal tone — {1
/10 ]| I, S — ——— <‘ | chest pain | pradycardia : . : : : -
e I
| | | i ol :
| i | [ | i i 1 | | i
2 4 6 8 10 12 14
Time (minutes)

A 28-year-old woman who presented with recurrent episodes of palpitations, chest pain and syncopal episodes underwent a head-up tilt test. After 6 minutes, she developed her
typical symptoms of palpitations, anxiety and chest pain. These correlate with the pre-syncopal phase and adrenergic surge, with a compensatory tachycardia. These symptoms
worsened, with shortness of breath at 8 minutes until syncope occurred at 13 minutes, which resulted from an abrupt withdrawal of sympathetic tone (resulting in hypotension)
and a reflex augmentation in parasympathetic tone (resulting in bradycardia).

Table 1: Practical management measures and educational aspects in vasovagal syncope

Management aspect Examples

Education

Explain mechanism of symptoms and how they relate to the patient | Ideally using animations or illustration of mechanisms

Educate on evasive counter-pressure manoeuvres (tilt table testing Crossing legs, clenching lower body muscles (e.g. thighs, buttocks), squatting, leaning forward

may help illustrate this) and folding arms

Establish any situations where safety may be compromized and Going to a sauna alone, standing upright in enclosed spaces

encourage avoidance

Identify provoking factors and postures and advise avoidance Warmth, dehydration, alcohol.

of these If having medical procedures, warn nurses and ensure couch or bed available
Reassurance Reassure that with compliance to above measures, complete recovery is expected and

prognosis is excellent

Driving advice Category 1 private vehicles: if VS occurs while standing, or when sitting and is
precipitated by an avoidable trigger (which will not be present on driving), they may drive and
need not notify the DVLA. If there is not an avoidable trigger, they must not drive until the
annual risk of recurrence is <20%.

Category 2 commercial vehicles: the patient must not drive and must contact the DVLA

Lifestyle measures Ensure hydration, and aim for water and salt repletion

Medications Medications may have a role if lifestyle measures are ineffective and symptoms are very
severe

Pacemaker implantation and cardioneuroablation Consider in selected patients with minimal prodrome, increasing risk of injury, and with

documented cardioinhibition

DVLA = Driver and Vehicle Licensing Agency,; VVS = vasovagal syncope.
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Education

Comprehensive  multidisciplinary  rehabilitation — programmes  for
recurrent VVS have shown significant improvements in health-related
quality of life, fewer recurrent syncopal episodes, plus fewer medical
consultations, hospitalizations and traumatic injuries, compared with
standard care.*? Such programmes include reassurance and education
about the benign prognosis of the condition, education about physical
counter-manoeuvres, and exercise training. Some programmes include
dietary advice about hydration and salt intake, and psychological care.

Even enrolling in a clinical trial improves health-related quality of life in
those with recurrent WS, independent of recurrent syncopal events.»
This may be due to enhanced wellbeing from interaction with healthcare
providers, a reflection of the individual’s motivation to self-manage their
condition or a psychological adjustment to the diagnosis.

Patient advocacy groups providing patient and staff education (e.g.
the Syncope Trust and Reflex Anoxic Seizures [STARS], an enterprise
of the Arrhythmia Alliance) provide freely available information to help
empower patients.® The authors of this article provide freely accessible
patient education resources at www.stopfainting.com.

Staff education is also important, particularly in clinical areas where VWS
may be precipitated, such as phlebotomy or minor surgery clinics. Simple
instructional videos can train staff to be competent in recognizing and
managing the condition.”

Finally, once the diagnosis of VVS is established, and if the individual
drives a vehicle, an assessment on road safety should be made. In the
UK, if the syncope occurred on standing, category 2 commercial vehicle
drivers (bus, lorry, etc.) must not drive and must notify the Driver Vehicle
and Licensing Authority (DVLA). If the VS occurred on standing, then
the indivudual must not drive for 3 months, and investigations into the
cause should be considered. For category 1 private vehicle drivers (car
and motorbike), the individual can continue to drive and does not need
to contact the DVLA, provided the VVS occurs only on standing. If the
syncope occurred on sitting, the prodrome was of sufficient duration
to allow the driver to stop safely before loss of consciousness and was
triggered by something that will not be present when driving, then they
can continue to drive. If there is no clear trigger or the prodrome was
unreliable, they must contact the DVLA, additionally, guidelines advise
that the individual must not drive until their clinician’s estimated annual
risk of recurrence is less than 20%.%

Key messages:

1. Pre-syncopal symptoms include not only lightheadedness and
dizziness, but also breathlessness, chest pain and palpitations.

2. Tilt table testing can be an invaluable way of demonstrating that
both presyncopal and syncopal symptoms are due to heart rate
and BP fluctuations.

Medication review

Many older patients with VVS are hypertensive and require
hypotensive drugs; however, it has to be borne in mind that most
hypotensive agents exaggerate vasodepression and may therefore
increase attacks. There is evidence that patients’ symptoms can be
reduced or even abolished by reducing or ceasing the use of these
agents.” ESC guidelines recommend an individualized approach
to antihypertensive medications, but suggest reducing or stopping
therapy in patients with hypotensive susceptibility — essentially

vasodepression — aiming for a systolic target of 140 mmHg." There
are other frequently prescribed medications that have hypotensive
effects, which also should be reviewed.

Physical counter-manoeuvres

At the onset of pre-syncopal symptoms, lower body tensing (clenching
of leg, buttock and abdominal muscles together with concomitant
leg crossing, plus linking of the fingers and pulling apart vigorously
without letting go) results in an almost instantaneous increase in mean
arterial pressure, stroke volume and cardiac output, raising the BP
and reducing syncope frequency.*® These measures are less effective
in older persons, where buttock-clenching is the sole measure that
may help.*” These manoeuvres work when they are performed at the
onset of symptoms, so they are of no benefit to individuals who lack
warning symptoms. The ESC guidelines have, on the basis of these
trials, recommended them if the individual is under 60 years old and
has a sufficiently long prodrome.’

Water and salt supplementation

A single 500 mL bolus of water can increase BP, total peripheral
resistance and orthostatic tolerance.® The effect is thought to be from
a vasopressor response. This technique has been shown to be helpful
in individuals at risk of WS; for example, those undergoing blood
donation.® Salt and water repletion are suggested as ‘reasonable’ in
European and American guidelines."* Caution should be exercised in
those with heart failure, renal failure and urinary continence issues.

Pharmacological trials

Beta-adrenergic receptor blockers

Beta-adrenergic receptor blockers (beta blockers) are postulated to work
via inhibiting left ventricular mechanoreceptors, resulting in decreased
adrenergic tone and countering adrenaline-mediated vasodilatation.
However, double-blinded, randomized, controlled trials have not shown
benefits of atenolol or propranolol in preventing WS, compared to
placebo.®* Metoprolol was studied in the Prevention of Syncope Trial
(POST-1) study, but failed in its primary endpoint of preventing syncope
recurrence.” However, when post-hoc analyses stratified participants by
age, there was a significant benefit in individuals over 42 years old.® A
randomized, controlled trial, the POST-5 studly, is currently underway to
assess efficacy in individuals over 40 years.”

The ESC guidelines suggest that there is sufficient evidence to advise
against beta blockers for prevention of recurrent WS, while American
guidelines state that they may be useful in individuals over 42 years old."*

Volume expanders: Fludrocortisone

Fludrocortisone is a volume expander which increases sodium and water
absorption. Although it failed to reach its primary endpoint in the second
Prevention of Syncope trial (POST-2), there was a significant benefit in
individuals who were stabilised with a dose of 200 mcg per day. ESC
guidelines suggest that it can be of benefit in younger people with normal
or low blood pressure and no comborbidities, and the American College
of Cardiology guidelines advise that it may be useful in individuals who
have not responded to salt and fluid repletion.** Fludrocortisone is often
poorly tolerated, with side effects including weight gain.

Alpha-adrenoceptor agonists

Midodrine is a peripherally acting alpha-2 adrenoceptor agonist, which
increases BP by venous and arterial vasoconstriction.” A randomized,
controlled trial has shown that it is beneficial in individuals with
tilt-positive  frequent syncope, compared with standard care” A
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small uncontrolled study suggested that it is effective when other
pharmacological treatments are unsuccessful.® However, in individuals
who remained symptomatic despite non-pharmacological management,
there was no benefit from midodrine.* ESC guidelines suggest that
in view of contrasting data and small studies not reaching criteria for
a clinical trial, alpha-agonists may be effective, but they urge further
research.” American guidelines make similar recommendations, but
highlight the important contraindications of hypertension, heart failure
and urinary retention, mostly in males.

Norepinephrine reuptake transporter inhibitors
Norepinephrine reuptake transporter (NET) inhibitors increase the levels
of noradrenaline in sympathetic synapses, thus increasing sympathetic
tone, reducing the potential for vagal reflex, and antagonizing sympathetic
withdrawal. In the Prevention of Syncope Trial 6 - Atomoxetine in
Vasovagal Syncope (POST 6), atomoxetine significantly reduced the risk of
tilt-induced syncope. The proposed mechanism was by attenuating
reflex bradycardia.”

A meta-analysis of four studies examining NET inhibitors (reboxetine,
sibutramine and atomoxetine) found that taking NET inhibitors resulted
in a lower risk of WS in healthy volunteers, and that atomoxetine
reduced recurrent episodes in patients with WS“ These studies
post-date guidelines; therefore, they can be prescribed only on an
individual basis.™

Selective serotonin reuptake inhibitors

Serotonin may contribute to the sympathetic withdrawal reflex in VS.
Selective serotonin reuptake inhibitors result in the downregulation of
serotonin receptors in the brainstem, and could theoretically attenuate
this response.” Early and very small studies suggest that sertraline and
fluoxetine could be of benefit in individuals with recurrent syncope
who are intolerant of other medications.®®* These agents are not
recommended in ESC guidance, but American guidance suggests that
they ‘might be considered’." s

Key message: Conservative measures are an essential tenet of
treatment, and patients should be encouraged to incorporate them
into their daily routines. There may be a role for drug therapy in
selected patients in whom conservative measures are not sufficient.

Non-interventional studies currently underway
Researchers realise the multifactorial nature of the condition, and
that a multifaceted approach is required. This is reflected by the
variety of ongoing clinical trials in syncope prevention registered on
www.clinicaltrials.gov, examining the effects of drugs (midodrine,
atomoxetine, metoprolol and droxidopa), psychological wellbeing
(hypnosis, psychotherapy and yoga) and the management of comorbidity
(sleep apnoea). One randomized, controlled study is underway in
England, examining whether an iliac arteriovenous anastomosis results
in increased venous preload to the heart on standing, abolishing VWS
(ClinicalTrials.gov identifier: NCT02388087).%°

Interventional approaches

As described earlier, WS results from altered autonomic activation in
response to mechanoreceptor and baroreceptor stimulation, mainly
by reducing volume within the heart, large vessels and lungs, which is
vasodepression. This eventually paradoxically causes parasympathetic
activation, which leads to cardioinhibition (bradycardia) and sympathetic
withdrawal. The VASIS classification of collapse patterns on tilt table

EUROPEAN JOURNAL OF ARRHYTHMIA & ELECTROPHYSIOLOGY

testing was aimed at tailoring individual therapy to different autonomic
responses; however, over time, it has become clear that, although
useful, it falls short of its target.” The two main interventions that
can be offered under certain conditions are pacemaker therapy and
cardioneuroablation (CNA).

Pacemaker therapy

Pacemaker therapy in VVS remains controversial. Dual chamber
pacemakers with rate drop response (RDR) or closed loop stimulation
(CLS) algorithms have been suggested as potential treatment options
for patients with recurrent VWS These two algorithms work in
different ways, determined by the sensing or detection system. RDR
detects a falling heart rate, which is not precipitous — as in sudden
atrioventricular block —, but it is limited because it must wait for
the onset of cardioinhibition, which is almost always preceded by
vasodepression.™ CLS detects reducing right ventricular volume (and
possibly increasing right ventricular contractility) to trigger pacing
using the change in impedance to a signal between the electrode in
the right ventricular and the can of the pulse generator. Once triggered,
the two algorithms behave similarly by increasing the prevailing heart
rate by dual chamber stimulation. It is possible that CLS commences
therapy sufficiently early in VVS to ameliorate the falling stroke volume.
It certainly delivers pacing therapy substantially before RDR.®

Use of CLS pacing has been subject to a number of trials, including
the Spain trial, which showed a benefit for a broader spectrum of
patients than those selected by ILR findings in the International Study
of Syncope of Unexplained Etiology (ISSUE-3) RDR study.?"* The BIOSync
study has recently reported on CLS pacing, adding qualification of its
importance.® These matters have been fully discussed in a review
in the Heart Rhythm journal, although another review of the subject
provides a slightly different perspective.** The story of trials in pacing
VVS stretches over 20 years and remains controversial, as implanted
devices over a lifetime from youth to old age is an unattractive choice
especially when clear evidence of benefit from a well-designed trial
was lacking until 2012.%* Despite the potential benefit being evident,
there rightly remains conservatism, as expressed by Sud et al.®

An unexpected finding of the ISSUE-3 study was that patients who
were tilt-positive benefitted little from pacing, while those who were
tilt-negative with the same ILR findings received benefit in terms of a
great reduction in syncope recurrence after pacing.® This revelation
prompted an attempt to explain the phenomenon on the basis of tilt
induction of hypotensive susceptibility, which may be relatively hidden
by cardioinhibition, and was followed by the ESC guidelines on pacing
and inspired the Syncope Unit Project (SUP)-2.2%*< For older patients
likely presenting with reflex syncope, a protocol was employed that
started with carotid sinus massage. If positive with cardioinhibition,
patients received dual chamber RDR pacing. If negative, patients
proceeded to have a tilt test; if this revealed cardioinhibition, they were
then treated as above. If negative or positive with vasodepression,
an ILR was inserted. If the ILR findings later showed cardioinhibition,
these patients were also paced by similar devices. Follow-up showed
that syncope recurrence was rare in the carotid-sinus-positive group,
but was relatively common in patients who were tilt-positive and
those ultimately paced on the basis of ILR findings. These results were
interpreted as confirmation of the hypotensive susceptibility raised
by Sutton and Brignole, although the data were more encouraging for
the use of pacing in reducing the frequency of syncope recurrence
than the trial data from ISSUE-3; this implies that patients of this type
require counselling concerning a reduction in syncope, rather than its
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abolition.?# Whether CLS pacing would have yielded better results is
currently unknown.

There are no available trial data for pacemaker therapy in individuals
younger than 40 years of age. In these patients, first-line management
should always be a conservative approach with measures mentioned
previously. Therefore, pacemaker therapy should only be considered
in a highly selected group of older patients where lack of prodrome
is a prominent feature, such as those in the ISSUE-3 study, providing
a means to prevent traumatic injury and, at least, a reduction in
frequency of attacks.

Cardioneuroablation

Cardiac autonomic denervation was initially undertaken by endocardial
identification of epicardial ganglionated plexi and their ablation, building
upon neuromodulation targets for atrial fibrillation with encouraging
early results.c> Subsequently, there has been limited but growing
evidence that cardioneuroablation may help patients with severely
symptomatic recurrent VVS with a pronounced asystolic component.s

The heart’s intrinsic autonomic innervation consists of a complex
network of ganglia and nerves that lie on the epicardial surface usually
embedded within the epicardial fat. Clusters of these nerves forming
the ganglionated plexi have been shown to play a significant role in the
autonomic neuromodulation of the heart innervating the atrioventricular
node and all four pulmonary veins.©>¢ These clusters are essentially
parasympathetic, post-ganglionic neurons that are amenable to
catheter ablation due to their location. These have been located not
only anatomically through histological studies, but also functionally
by means of high-frequency stimulation (20 Hz) during endocardial
catheter ablation procedures.s High-frequency stimulation of the
ganglionated plexi produces a significant vagal response, leading to
reduced heart rate (defined by an R-R interval increase of >50% from
baseline or transient atrioventricular block).

Pachon et al. recruited 43 patients with dominant cardioinhibitory
response on head-up tilt and refractory episodes of VVS despite optimal
medical treatment.®® Using spectral mapping and anatomical position
of ganglionated plexi, they proceeded with catheter radiofrequency
ablation as they had in their original description. Of the 43 patients, 40
did not experience further syncope for the duration of follow-up (range
11-91 months).®

Yao et al. recruited 10 patients with a median of 3.5 VVS episodes
in the preceding year (range 2-20) and a positive head-up tilt test.s
Ganglionated plexi were identified using high-frequency stimulation
and targeted intracardially using catheter radiofrequency ablation.
None of the patients had recurrence of syncope for the duration of
follow-up (range 13-55 months).* Sun et al., from the same Beijing
group, recruited 57 patients with refractory VVS (failed conservative
treatment measures and two positive head-up tilts with at least one
episode of syncope in the preceding 6 months). They proceeded with
ganglionated plexi ablation, following the same protocol as Yao et al.#
Of the patients recruited, 91.2% were free from syncope at 102 months'
follow up. It is important to note that these studies have all been
pre—post studies (also known as before-and-after studies), with no
controls or randomization.

In summary, there are encouraging results from systematic case
series’ data in support of CNA. A highly selected, very symptomatic
group of patients with dominant cardioinhibitory VVS could benefit
from CNA, by either completely abolishing syncope, or extending the
prodrome long enough to prevent injury. Due to a paucity of data, ESC
guidelines, at present, have no specific recommendation concerning
CNA. More data are needed in the form of randomized, controlled
trials, together with an agreement on which ganglionated plexi should
be ablated.

Key message: It may be appropriate to consider pacemaker
therapy and cardioneuroablation in a selected group of patients with
confirmed dominant cardioinhibition and insufficient prodrome to
prevent injury.

Conclusion

VS is a very common condition, which, although it may be benign,
results in significant psychological and psychosocial morbidity.
Management should take a multidisciplinary, multifaceted approach
with education and lifestyle management playing a critical role.
Educating patients about their symptoms by reproducing those
symptoms on tilt table testing can be invaluable reassurance. VWS is a
topic that is currently inspiring active, ongoing research, with promising
findings emerging from pacing and CNA in selected patients. Clinicians,
researchers and patients should be fully informed of all management
strategies to allow truly holistic and individualized care. Q
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