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Clinical Arrhythmias

Syncope and palpitations are two common clinical presentations, and 

both pose difficulties in the approach to their management. They are 

both symptoms of a number of syndromes, and an efficient approach 

with targeted therapy is challenging. Cardiac arrhythmia specialists, 

who lack a compact and accessible guide to management, see many 

patients with these symptoms in consultation. Recognising this, in 

2015 the Heart Rhythm Society (HRS) released an expert consensus 

document1 on three common syndromes: postural tachycardia 

syndrome (POTS), inappropriate sinus tachycardia (IST), and vasovagal 

syncope (VVS). This focused statement is complemented by several 

other contemporary reports (see Table 1): the 2011 Position Statement 

on Structured Investigation of Syncope by the Canadian Cardiovascular 

Society,2 the 2015 Position Statement for the Rationale and Requirement 

for the Syncope Unit3 by the European Heart Rhythm Association 

(EHRA), the 2016 Guideline for the Evaluation and Management of 

Syncope being prepared by the American College of Cardiology 

(ACC), the American Heart Association (AHA) and the HRS. The 2017 

Guidelines for the Diagnosis and Management of Syncope are being 

prepared by the European Society of Cardiology (ESC).

The consensus recommendations in this document use the class I, IIa, 

IIb and III classifications and the corresponding language used by the 

ACC at the time of the expert consensus document’s publication.1 Class 

I is a strong recommendation, denoting benefit greatly exceeding risk. 

Class IIa is a somewhat weaker recommendation, denoting benefit 

probably exceeding risk, and class IIb denotes benefit equivalent to, 

or possibly exceeding risk. Class III is a recommendation against a 

specific treatment because either there is a lack of benefit or there 

is harm. Level A denotes the highest level of evidence, usually from 

multiple clinical trials with or without registries. Level B evidence is of 

a moderate level, either from randomised trials (B-R) or well-executed 

non-randomised trials (B-NR). Level C evidence is from weaker studies 

with significant limitations and level E is simply a consensus expert 

opinion in the absence of credible published evidence.

Here we will review contemporary, expert advice on the management 

of POTS, IST and VVS. We will highlight important issues and clarify and 

expand on several key points from the HRS expert consensus document.

Definitions
The HRS writing group recognised the importance of providing simple, 

clear definitions that could be used at the bedside and uniform criteria 

for inclusion of subjects into studies (see Table 2).

Definition of Syncope 
Originally syncope was defined as a transient state of unconsciousness 

characterised by spontaneous recovery or recovery in the supine 

position.4 This definition was developed to describe tilt test outcomes 

and was not sufficiently descriptive for clinical use. Subsequently, the 

ESC defined syncope as a transient episode of loss of consciousness 

that is due to transient global cerebral hypoperfusion characterised 

by rapid onset, short duration and spontaneous complete recovery.5  

This definition was more specific and included a pathophysiological 

basis for syncope. Unfortunately, the criterion of ‘global cerebral 

hypoperfusion’ proved challenging for clinicians dealing with transient 

loss of consciousness in clinical practice. In September 2013 a 

multi-specialty workshop of North American and European syncope 

experts met in Gargnano, Italy. At that consensus conference,6 the 
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physiological criterion for syncope was removed, and a criterion that 

excluded other causes of loss of consciousness was substituted. This 

practical approach met with agreement by cardiologists, neurologists, 

internists, family doctors and emergency department physicians. The 

HRS document1 minimally modified the Gargnano definition of syncope 

(see Table 2).

Definition of Postural Tachycardia Syndrome
The HRS definition of POTS (see Table 2) is based on the criteria 

outlined by the American Autonomic Society7. POTS is a syndrome 

that may actually be a collection of several disorders. POTS is also 

systemic and chronic and should persist for at least 3–6 months prior 

to diagnosis. Patients are not only troubled by postural tachycardia, 

but usually have other symptoms including tremulousness, generalised 

weakness, blurred vision, exercise intolerance, perceived inability to 

think clearly and fatigue. Significant orthostatic hypotension precludes 

the diagnosis of POTS. Postural tachycardia must develop within 10 

minutes since prolonged head-up tilt causes excessive tachycardia in 

many healthy subjects. 

Definition of Inappropriate Sinus Tachycardia
IST is a clinical syndrome and not just a physiological manifestation, 

so the definition of IST is based on both symptoms and heart rate 

criteria (see Table 2).1 IST, as a clinical syndrome, requires the element 

of distress. Not everyone with sinus tachycardia is distressed by their 

tachycardia and therefore do not have IST. The specific heart rate 

criteria are based on the distributions of normal heart rates and are 

only modestly specific and sensitive. A good deal of clinical judgment 

is required in establishing the diagnosis. 

Definition of Vasovagal Syncope
The HRS document defines VVS as a syncope syndrome that 

usually 1) occurs with upright posture greater than 30 seconds, 

or with exposure to emotional stress, pain or medical settings; 2) 

features diaphoresis, warmth, nausea and pallor; 3) where known, 

is associated with hypotension and relative bradycardia, and 4) is 

followed by fatigue1 (see Table 2). The definition of VVS is based on 

published reports of symptoms of patients with positive tilt tests 

compared with those known or believed to have other disorders.8–12 

The >30 second time requirement is intended to exclude patients 

with initial orthostatic hypotension.

Postural Tachycardia Syndrome
Presentation
POTS occurs in about 0.2 %7,13,14 and usually presents in young women 

between the ages of 15 and 45 years.13–18 It is a systemic illness 

whose main symptoms are orthostatic: lightheadedness, palpitations 

and tremulousness; gastrointestinal: bloating, nausea, diarrhoea, 

abdominal pain; and systemic: exercise intolerance, fatigue, sleep 

disturbance and migraine headaches.15 The symptoms of POTS are 

commonly exacerbated by dehydration, heat, alcohol and exercise. 

Many patients with POTS faint occasionally, although presyncopal 

episodes are much more common.

There are few data about the long-term outcome. POTS is chronic, 

without known mortality, and many patients seem to improve over time. 

POTS has documented abnormalities in several pathophysiological 

processes19 including autonomic denervation, hypovolaemia, 

hyperadrenergic stimulation, deconditioning and hypervigilance. 

Multiple mechanisms may co-exist in some patients.

Diagnosis 
Patient suspected of having POTS should receive a complete history 

and physical examination with orthostatic vital signs and a 12-lead ECG 

(see Table 3). The history should define the chronicity of the condition, 

potential causes of orthostatic tachycardia, modifying factors, impact 

on daily activities and family history (see Table 3). A dietary history 

of salt and water intake is valuable and an autonomic system review 

should assess for symptoms of an autonomic neuropathy. The increase 

Table 1: Contemporary Expert Statements on Various 
Facets of the Management of Syncope Disorders

Statement	 Society	 Year 	 Niche
Structured Investigation 	 Canadian	 2011	 Syncope investigation

of Syncope2	 Cardiovascular

	 Society

Rationale and	 European	 2015 	 Syncope unit

Requirement for	 Heart Rhythm	 rationale and

the Syncope Unit3	 Association		  mechanics

Postural Tachycardia	 Heart Rhythm	 2015	 Management of three

Syndrome (POTS),	 Society		  cardiovascular

Inappropriate Sinus			   autonomic disorders

Tachycardia (IST), and

Vasovagal Syncope

(VVS)1

Guideline for the	 American	 2016	 Comprehensive

Evaluation and	 College of		  approach to

Management	 Cardiology,		  management

of Syncope	 American Heart	 of syncope

	 Association, Heart

	 Rhythm Society

Guidelines for the	 European	 2017	 Comprehensive

Diagnosis and	 Society of		  approach to

Management of	 Cardiology	 management of

Syncope			   syncope

Table 2: Definitions of Syncope, Postural Tachycardia 
Syndrome, Inappropriate Sinus Tachycardia and  
Vasovagal Syncope

Syncope	� A transient loss of consciousness, associated with inability 

to maintain postural tone, rapid and spontaneous recovery 

and the absence of clinical features specific for another 

form of transient loss of consciousness such as epileptic 

seizures.

Postural	 A clinical syndrome that is usually characterised by:  

Tachycardia	 1) frequent symptoms that occur with standing such as  

Syndrome	 lightheadedness, palpitations, tremulousness, generalised  

	 weakness, blurred vision, exercise intolerance and fatigue;  

	 2) an increase in heart rate of ≥30 beats within 10 minutes  

	 of going from lying down to standing (or ≥40 beats in  

	 those 12 to 19 years of age) and 3) the absence of  

	 orthostatic hypotension (>20 mmHg drop in systolic BP).

Inappropriate	 A daytime sinus heart rate >100 bpm at rest, with a mean 

Sinus Tachycardia	� 24-hour heart rate >90 bpm not due to primary causes, 

and associated with distressing symptoms of palpitations.

Vasovagal	 A syncope syndrome that usually 1) occurs with upright  

Syncope	� posture greater than 30 seconds, or with exposure to 

emotional stress, pain, or medical settings; 2) features 

diaphoresis, warmth, nausea, and pallor; 3) where known, 

is associated with hypotension and relative bradycardia 

and 4) is followed by fatigue.

BP = blood pressure. Based on the 2015 Heart Rhythm Society Expert Statement.1
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in heart rate with standing decreases slowly with advancing age20 and 

the standing heart rate may be ≥120 bpm in severe forms.7,16 Slightly 

higher values occur in the morning.21 If orthostatic vital signs in the 

clinic are nondiagnostic and the clinical suspicion for POTS is high, a 

tilt table test can be helpful.

A 24-hour Holter monitor can document that the tachycardia is 

indeed sinus tachycardia. A thyroid function test (for hyperthyroidism) 

and haematocrit (for anaemia) and transthoracic echocardiogram (to 

exclude a cardiomyopathy) can be useful in selected cases but should 

not be performed routinely. If the patient’s symptoms do not markedly 

improve then formal autonomic function testing should be considered. 

Treatment 
There are no therapies that are uniformly successful, and combinations 

of approaches are often needed (see Table 4). Few treatments have 

been tested with the usual rigour of randomised clinical trials and 

there is a lack of a consensus as to whether specific treatments 

should be targeted to subsets of POTS, or whether a uniform approach 

to all should be used.

Treatment might be provided more comprehensively with collaborative 

approaches by multiple disciplines including physicians, psychologists, 

nurses, physical therapists, occupational therapists and recreational 

therapists (see Table 4).22 Conservative treatments should be tried 

first in all patients. These include withdrawing medications that might 

worsen POTS, use of compression garments and limiting gravitational 

deconditioning. Patients should engage in a regular, structured, graduated, 

supervised exercise program featuring aerobic reconditioning with some 

resistance training of the thighs,23,24 starting with non-upright exercises. 

Exercise programs can be effective even outside of formal exercise 

training centres.22 Patients with suspected hypovolaemia should drink at 

least 2–3 litres of water per day and dietary salt intake should be about 

10–12 g/day if tolerated, including salt tablets if necessary.25

Fludrocortisone might be useful in the treatment of POTS through 

enhanced sodium retention and plasma volume expansion, although 

its effectiveness for POTS has not been tested in randomised clinical 

trials.26 Its biological effects can take about one week to reach a steady 

state. Midodrine is a prodrug whose metabolite is a peripheral alpha-1 

adrenergic receptor agonist that constricts both veins and arteries. It 

significantly reduces orthostatic tachycardia.27 Midodrine has a rapid 

onset and short half-life, requiring dosing up to 3 times daily during 

daytime hours. It should not be taken within 4–5 hours of bedtime, as 

it may cause or worsen supine hypertension.

Low-dose oral propranolol (10–20 mg) is effective at lowering standing 

heart rate and may improve symptoms in POTS patients acutely, while 

higher doses are less effective.28 Long-acting propranolol does not 

improve quality of life (QoL) in POTS patients.29 Other b-blockers have 

not been studied. Ivabradine slows sinus rates without impacting blood 

pressure. About 60 % of POTS patients treated with ivabradine in an 

open-label study improved.30 However ivabradine is not widely available.

Pyridostigmine is a peripheral acetylcholinesterase inhibitor that 

increases synaptic acetylcholine in the autonomic ganglia and at 

peripheral muscarinic receptors. It blunts orthostatic tachycardia31 and 

may improve chronic symptoms in most patients,32 but has side-effects 

including diarrhoea and abdominal pain that can limit its tolerability.

Central sympatholytic agents can be useful in patients with very 

hyperadrenergic features such as orthostatic hypertension with 

excessive tachycardia (hyperadrenergic POTS), but may not be as well 

Table 3: Investigation of Postural Tachycardia Syndrome 
According to the Heart Rhythm Society 

Recommendation	 CoR	 LoE
A complete history and physical exam with	 I	 E

orthostatic vital signs and 12-lead ECG

should be performed in patients being

investigated for POTS.

Complete blood count and thyroid function	 IIa	 E

studies can be useful in selected patients

being assessed for POTS.

A 24-hour Holter monitor might be considered	 IIb	 E

in selected patients being assessed for POTS,

although clinical efficiency is uncertain.

Detailed autonomic testing, transthoracic	 IIb	 E

echocardiogram, tilt table testing, or exercise

stress testing might be considered in selected

patients being assessed for POTS.

CoR = class of recommendation; LoE = level of evidence; POTS = postural orthostatic 
tachycardia syndrome.1

Table 4: Treatment of Postural Tachycardia Syndrome 
According to the Heart Rhythm Society

Recommendation	 CoR	 LoE
Patients with POTS might be managed best	 IIb	 E

with a multidisciplinary approach.

The consumption of up to 2–3 litres of water	 IIb	 E

and 10–12 g of NaCl daily by POTS patients

might be considered.

A regular, structured and progressive exercise	 IIa	 B-R

program in patients with POTS can be effective.

It is reasonable to treat patients with POTS	 IIa	 C

who have short-term clinical decompensations

with an acute intravenous infusion of up

to 2 litres of saline.

It might be reasonable to attempt treating	 IIb	 C

patients with POTS with fludrocortisone or

pyridostigmine.

Treatment of patients with POTS with	 IIb	 B-R

midodrine or low-dose propranolol might

be considered.

It might be reasonable to treat patients with	 IIb	 E

POTS who have prominent hyperadrenergic

features with clonidine or a-methyldopa.

Drugs that block the norepinephrine reuptake	 III	 B-R

transporter can worsen symptoms in patients

with POTS and should not be administered.

Regular intravenous infusions of saline in	 III	 E

patients with POTS are not recommended

in the absence of evidence, and chronic or

repeated intravenous cannulation is potentially

harmful.

Radiofrequency sinus node modification,	 III	 B-NR

surgical correction of a Chiari malformation

Type I and balloon dilation or stenting of the

jugular vein are not recommended for routine

use in patients with POTS and are potentially

harmful.

CoR = class of recommendation; LoE = level of evidence; POTS = postural orthostatic 
tachycardia syndrome.1
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tolerated in neuropathic POTS where a peripheral neuropathy might 

compromise venous return from the lower extremities. Clonidine can 

blunt tachycardia and hypertension in patients with hyperadrenergic 

POTS,33 although methyldopa with its longer half-life is sometimes 

better tolerated.34 Both drugs can cause drowsiness, fatigue and 

worsen mental clouding. Modafinil might help the fatigue and 

cognitive dysfunction seen in some patients35 with only a minimal 

increase in tachycardia.36

Radiofrequency sinus node modification for the sinus tachycardia 

of POTS is not recommended as this often worsens symptoms and 

occasionally makes the patient pacemaker dependent.37 Some centres 

decompress the cerebellar tonsils38 or perform jugular venoplasty39 

in an effort to ‘cure’ POTS. These are potentially dangerous and 

costly procedures without credible evidence of effectiveness in 

the treatment of POTS. They should not be offered to patients until 

prospective controlled data demonstrate its efficacy. 

Syndrome Of Inappropriate Sinus Tachycardia
Presentation
The prevalence of the heart rate criteria for IST was estimated in 

a middle-aged population of men and women to be 1.2 %.40 This 

includes both symptomatic and asymptomatic subjects. There is a 

general sense that IST is chronic with no known mortality, but whether 

and how quickly patients improve is unknown. The pathophysiology 

is incompletely understood. It is likely that there are several different 

underlying pathologies that can result in this syndrome, including 

increased sinus node automaticity,41 increased sympathetic activity42 

and sensitivity, decreased parasympathetic activity41 and impaired 

neurohumoral modulation.

Diagnosis
A thorough history and physical exam should be performed focusing 

on possible causes of sinus tachycardia such as volume depletion, 

thyroid disease, drug use, psychological triggers, panic attacks and 

POTS (see Table 5). A 12-lead ECG is useful in documenting tachycardia 

and in demonstrating sinus rhythm. A 24-hour Holter monitor can be 

useful in confirming the diagnosis, since one of the criteria is based on 

average 24-hour heart rate. Treadmill exercise testing might be useful 

to document an exaggerated tachycardia response to exertion.42 

Cardiovascular autonomic testing is rarely useful.

Treatment 
There are no positive long-term prospective clinical trials of any 

therapeutic intervention and symptoms may continue despite heart 

rate control. IST patients nearly always present distressed about the 

complexity of their problems. Lifestyle changes should be discussed 

early with all patients. β-adrenergic blockers may cause side-effects 

and should be used judiciously (see Table 6). Ivabradine holds 

considerable promise for the treatment of IST. It blocks the If current, 

is generally well tolerated and has a remarkable effect on heart rate. 

At doses of 5–7.5 mg twice daily it slows heart rate by 25–40 bpm.43,44 

Ivabradine is not available in all countries but is likely to become 

increasingly so in the next 2–3 years.

Several groups have reported on the modification or ablation of the 

sinus node in IST. Primary success rates are usually good, but the 

complication rates are significant. These include requirement for 

permanent pacing, transient or permanent phrenic nerve paralysis 

and transient superior vena cava syndrome. There is no evidence for 

long-term symptomatic improvement with radiofrequency ablation for 

IST. Patients and physicians alike need to be aware that while patients 

may be highly motivated, the consequences of aggressive therapeutic 

attempts can seriously outweigh any potential benefit. 

Vasovagal Syncope
Presentation
VVS is very common. By age 60, 42 % of women and 32 % of men 

will have had at least one vasovagal faint,45,46 and most patients faint 

recurrently. VVS is manifested in about 1–3 % of toddlers as syncope 

with reflex anoxia or breath holding, and the incidence begins to 

increase markedly around age 11 years. The median age of first 

faint is about 14 years and most people with VVS have had their  

first faint before age 40 years.47 In specialist syncope clinics, late first 

presentations do occur with some regularity. The outcome of VVS 

patients is generally benign in that there is no increased mortality, 

but there is a high rate of recurrence. The overall 1-year recurrence 

rate in many reports is about 25–35 %.48 Those patients with recurrent 

VVS often have a significant loss of QoL.49 Fortunately most patients 

improve in the absence of specific therapy after assessment.50

Diagnosis 
The most important step in the diagnosis of VVS is an excellent and 

evidence-informed history. The key diagnostic features are in four 

categories: predisposing situations, prodromal symptoms, physical 

signs and recovery time and symptoms. VVS usually occurs after 

prolonged standing or in a sitting position, but can be triggered  

even in the supine position by exposure to medical or dental situations, 

pain, or scenes of injury. Prolonged can mean as little as 2–3 minutes 

and this is a key feature distinguishing VVS from initial orthostatic 

hypotension, in which syncope occurs within the first few seconds 

Table 5: Investigation of Inappropriate Sinus Tachycardia 
Syndrome according to the Heart Rhythm Society

Recommendation	 CoR	 LoE
A complete history and physical exam and 	 I	 E

12-lead ECG are recommended.

It might be useful to obtain complete blood	 IIa	 E

count and thyroid function studies.

A 24-hour Holter monitoring might be performed.	 IIb	 E

It might be useful to obtain urine/serum	 IIb	 E

drug screen.

It might be useful to consider autonomic testing.	 IIb	 E

It might be useful to consider treadmill exercise	 IIb	 E 

testing.

CoR = class of recommendation; LoE = level of evidence.1

Table 6: Treatment of Inappropriate Sinus Tachycardia 
Syndrome According to the Heart Rhythm Society 

Recommendation	 CoR	 LoE
Reversible causes of sinus tachycardia should	 I	 E

be sought and treated.

Ivabradine can be useful in treating patients	 IIa	 B-R

with IST.

Sinus node modification, surgical ablation	 III	 E

and sympathetic denervation are not

recommended as a part of routine care

of patients with IST.

CoR = class of recommendation; IST = inappropriate sinus tachycardia; LoE = level of evidence.1
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of standing up. Prodromal features include progressive presyncope, 

diaphoresis, a sense of warmth or flushing, nausea or abdominal 

discomfort and visual blurring or frank loss of vision. While unconscious 

the patient is usually still, but both fine and coarse myoclonic movements 

are witnessed about 10 % of the time and can lead to diagnostic 

confusion with epilepsy.51 Unconsciousness usually lasts less than 1–2 

minutes, but full recovery can be sluggish. Patients are usually very tired 

for minutes to hours following a syncopal spell. Further investigation 

usually is not needed.52 Diagnostic scores have been developed based 

on subjects with rigorously defined diagnoses.12,53,54 Generally, attempts 

at validation have not been done with subjects as rigorously defined.55,56 

Although the scores report overall high degrees of accuracy, they 

may need revision and validation in larger populations. Nonetheless, 

they serve as useful reminders of important diagnostic points, and 

form reproducible criteria for entry into observational, genetic and 

randomised controlled interventional trials. 

Tilt Table Testing
The usefulness of investigation strategies depends on the patient mix 

and the purpose of the investigation (see Table 7). In most cardiology 

settings it is most important to determine whether patients have 

arrhythmic causes of syncope. Generally there are two approaches 

to discern arrhythmic syncope: determining whether the patient has 

the substrate for particular kinds of syncope and determining directly 

whether patients have syncope associated with specific heart rhythm 

abnormalities or characteristics.

Another important differential diagnosis for VVS is neurogenic 

orthostatic hypotension, which is often caused by autonomic nervous 

system failure. Blood pressure usually falls reproducibly and rapidly 

within three minutes of upright posture. Unlike VVS which has an 

intermittent reflex with a relative drop in heart rate and hypotension, 

autonomic failure is often associated with a fixed heart rate a 

persistent failure of vasoconstriction.57 Formal autonomic testing 

including a Valsalva manoeuvre can demonstrate this failure of 

vasoconstriction. Orthostatic hypotension was not explicitly discussed 

in the HRS expert consensus document.

Head-up tilt table tests (see Table 7) feature prolonged passive 

postural stress to determine whether patients have the autonomic 

substrate for VVS. In cardiology clinics, this is often accompanied by 

triggering agents such as isoproterenol, nitrates or clomipramine. 

However, with increasingly aggressive protocols comes increased 

sensitivity, but also the likelihood of decreased specificity. The tilt test 

may prove useful in elderly patients due to the difficulties in obtaining 

an informative history in some older patients and due to its usefulness 

in identifying the cause of unexplained falls.58

There are specific circumstances in which tilt table testing can be 

helpful (see Table 7). It can help distinguish convulsive syncope 

from true seizure activity; help in situations where, despite careful 

questioning, the cause of syncope remains unclear and establish 

a diagnosis of pseudosyncope. The latter is a poorly understood 

syndrome of apparent syncopal episodes in the absence of 

haemodynamic changes that might cause cerebral hypoperfusion.

There are several current knowledge gaps regarding the use of tilt 

table testing. First, the tilt test has not been validated prospectively 

against populations with rigorously defined VVS. Second, there is 

no ‘ideal’ protocol, in that there is an inexorable trade-off between 

sensitivity and specificity. Also, the supplemental role of tilt testing 

when added to histories taken by experts, with or without quantitative 

diagnostic scores, has not been assessed. The indications for tilt 

testing are a matter of expert consensus.59 

Prolonged Electrocardiographic Monitoring
The current gold standard for diagnosing syncope due to cardiac 

arrhythmias is recording an ECG during an episode of clinical syncope 

(see Table 7). The diagnostic yield increases with the duration of 

monitoring and is significantly higher with implanted monitors. External 

monitors have a loop memory that continuously records and overwrites 

the ECG until activation records an ECG strip. Diagnostic sensitivity is at 

best 10–25 % after one month of monitoring. Implanted loop recorders 

are subcutaneous devices that last up to three years, storing the ECG 

retrospectively when activated by the patient after a syncopal episode, 

and also after automatic detection based on rate or rhythm criteria.

Implantable loop recorders (ILR) deliver a diagnosis in about 35 % of 

patients. Importantly, there have been randomised controlled trials 

of their clinical effectiveness, and the results consistently show that 

in older patients with unexplained syncope these devices should be 

used early rather than later in investigation.59–62 However, they have 

only been shown to improve care in the subset of patients who are 

older, have asystole documented on the ILR and a negative tilt test. 

These patients may benefit from permanent pacing.63,64 

Conservative and Medical Treatment for Vasovagal Syncope 
VVS is generally benign and seems to feature clusters of syncope 

interspersed with long quiescent periods. Older and younger 

individuals differ markedly, with complicating comorbidities and 

medical therapies more common in older patients. Despite its usually 

apparently benign profile, some patients with frequent episodes of 

VVS require active treatment. It is important to balance natural history, 

the potential for harm and the marked reduction in syncope seen in 

all control arms of randomised trials with symptom severity and the 

overall likelihood of treatment effectiveness.

Education, reassurance and encouraging salt and fluid intake are 

indicated in patients with VVS where not contraindicated. Reducing 

medications that cause hypotension might be helpful, provided that it 

Table 7: Investigation of Vasovagal Syncope According  
to the Heart Rhythm Society

Recommendation	 CoR	 LoE
Tilt table testing can be useful for the investigation	 IIa	 B-NR

of patients with suspected vasovagal syncope who

lack a confident diagnosis after initial assessment.

Tilt table testing is reasonable for distinguishing	 IIa	 B-NR

convulsive syncope from epilepsy; to establish

a diagnosis of pseudosyncope; and in patients

with suspected vasovagal syncope but without

clear diagnostic features. 

Tilt table testing is not recommended for predicting	 III	 B-R

the response to specific medical treatments

for vasovagal syncope. 

Implantable loop recorders can be useful in the	 IIa	 B-R

investigation of older patients with infrequently

recurrent and troublesome syncope who lack a

clear diagnosis and are at low risk of a fatal outcome.

CoR = class of recommendation; LoE = level of evidence.1
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is feasible (see Table 8). Increasing salt and fluid intake may be helpful 

where it is safe. In general, long-term placebo-controlled prospective 

trials have not been encouraging.

Physical Counter Pressure Manoeuvres
Isometric exercise of large muscles causes a blood pressure 

increase during the phase of impending reflex syncope on tilt tests, 

preventing or delaying loss of consciousness. Physical counter 

pressure manoeuvre reduced the likelihood of fainting by 39 % in one 

randomised prospective clinical trial.65 However, syncope recurred 

in a substantial minority of patients, and the study was open label. 

Nonetheless, physical counter pressure manoeuvres are largely free 

of risk and should constitute a core of management of patients with 

VVS of all severities.

b-blockers
These drugs have not been found to be effective in adequately designed 

and controlled randomised studies. The largest prospective, placebo-

controlled, randomised critical trial of b-blocker therapy was the 

Prevention of Syncope Trial (POST) in which metoprolol was compared 

with placebo in patients with tilt-positive presumed VVS.66 While the 

overall result was negative, there was evidence of benefit in patients 

>40 years in a meta-analysis of a prespecified and prestratified substudy 

of POST and a large earlier observational study.67 In the absence of 

compelling evidence, it is not unreasonable to attempt therapy with 

metoprolol in older patients and to avoid using it in younger patients.

Fludrocortisone
The POST2 randomised clinical trial comparing fludrocortisone with 

placebo for VVS was recently completed.68 There was a strong trend 

to a significant benefit from fludrocortisone (p=0.07). In the absence of 

more compelling evidence, the HRS authors felt it might be reasonable 

to attempt therapy with fludrocortisone in patients whose symptom 

severity merits it.

Midodrine 
Five randomised trials of midodrine showed a consistent risk 

reduction of about 70 %.69 However, due to selection or design issues, 

none provide high-level evidence for adults. The major limitations of 

midodrine are frequent dosing, effects on supine hypertension, and 

lack of knowledge of its teratogenic effects. Older males may develop 

urinary retention. In the absence of compelling evidence, it might 

be reasonable to attempt therapy with midodrine in patients whose 

symptom severity merits it. 

Selective Serotonin Reuptake Inhibitors 
Based on a solid biological rationale, there have been several 

observational studies and three small randomised trials of serotonin 

transport inhibitors for the prevention of VVS.70–72 Results have 

been mixed and there remains considerable uncertainty about the 

effectiveness these drugs in preventing syncope.

Treatment Strategy
For patients with only an occasional faint, the physician should 

reassure, advocate increased fluid and salt intake and teach 

counterpressure manoeuvres. Patients who have not fainted in the 

previous year should not receive attempts at medical therapy. For 

patients with recurrent episodes, begin conservatively and attempt to 

reduce drugs that might cause hypotension. For patients with recent 

recurrent episodes of VVS, it is reasonable to consider fludrocortisone, 

midodrine or b-blockers (if older than 40 years) prior to pacing, 

recognising that there is no high-level evidence for their use.

Pacemaker Treatment
Cardiac pacing has a very limited role in patients with typical VVS 

(see Table 9). There are no positive, placebo-controlled studies of 

pacemakers in patients with VVS under age 40 years, and in these 

patients cardiac pacing should be the last choice. Pacing should 

be considered only in highly selected patients, i.e. those well 

over 40 years of age, affected by frequent recurrences associated 

with frequent injury, limited prodrome and documented asystole. 

Prolonged ECG monitoring, usually by an implantable loop recorder, 

is often necessary.63,64 There is emerging evidence that tilt table 

testing identifies patients with predominant reflex hypotension.63,64 

Accordingly, tilt table testing may be performed to assess hypotensive 

susceptibility and identify patients who may not respond to permanent 

cardiac pacing. Although the documentation of a prolonged asystolic 

Table 8: Lifestyle and Medical Treatment of Vasovagal 
Syncope According to the Heart Rhythm Society

Recommendation	 CoR	 LoE
Education, reassurance and encouraging salt 	 I	 E

and fluid intake are indicated in patients with

vasovagal syncope where not contraindicated.

Reducing or withdrawing medications that	 IIa	 E

may cause hypotension can be beneficial in

patients with vasovagal syncope.

Physical counterpressure manoeuvres can be useful	 IIa	 B-R

in patients with vasovagal syncope who have a

sufficiently long prodromal period. 

Fludrocortisone might be reasonable in patients	 IIb	 E

with frequent vasovagal syncope who lack

contraindications to its use.

b-blockers might be considered in patients	 IIb	 B-R

with frequent vasovagal syncope over age 40.

Midodrine might be reasonable in patients with	 IIb	 B-R

frequent vasovagal syncope and no hypertension

or urinary retention.

CoR = class of recommendation; LOE = level of evidence.1

Table 9: Pacemakers for Syncope According to the Heart 
Rhythm Society

Recommendation	 CoR	 LoE
Dual-chamber pacing can be effective in patients	 IIa	 B-R

≥40 years with recurrent and unpredictable

syncope who have a documented pause

≥3 seconds during clinical syncope or

an asymptomatic pause ≥6 seconds.

Tilt table testing might be considered to identify	 IIb	 B-NR

patients with a hypotensive response who would

be less likely to respond to permanent cardiac

pacing.

Pacing might be considered in paediatric patients	 IIB	 BR

with recurrent syncope having documented

symptomatic asystole and who are refractory

to medical therapy.

Dual-chamber pacing might be considered in	 IIb	 C

adenosine-susceptible older patients who have

unexplained syncope without a prodrome, a normal

ECG and no structural heart disease.

CoR = class of recommendation; LOE = level of evidence.1

AER_Sheldon FINAL TL.indd   127 15/08/2016   21:28



  

Clinical Arrhythmias

A R R H Y T H M I A  &  E L E C T R O P H Y S I O L O G Y  R E V I E W128

1.	 Sheldon RS, Grubb BP, Olshansky B, et al. 2015 Heart Rhythm 
Society Expert Consensus Statement on the diagnosis and 
treatment of postural tachycardia syndrome, inappropriate 
sinus tachycardia, and vasovagal syncope. Heart Rhythm 
2015;12:e41–63. DOI: 10.1016/j.hrthm.2015.03.029;  
PMID: 25980576

2.	 Sheldon RS, Morillo CA, Krahn AD, et al. Standardized 
approaches to the investigation of syncope: Canadian 
Cardiovascular Society position paper. Can J Cardiol 
2011;27:246–53. DOI: 10.1016/j.cjca.2010.11.002;  
PMID: 21459273

3.	 Kenny RA, Brignole M, Dan GA, et al. Syncope Unit: rationale 
and requirement--the European Heart Rhythm Association 
position statement endorsed by the Heart Rhythm Society. 
Europace 2015;17:1325–40. DOI: 10.1093/europace/euv115; 
PMID: 26108809

4.	 Sheldon R, Killam S. Methodology of isoproterenol-tilt 
table testing in patients with syncope. J Am Coll Cardiol 
1992;19:773–9. PMID: 1545073

5.	 Moya A, Sutton R, Ammirati F, et al. Guidelines for the 
diagnosis and management of syncope (version 2009): the 
task force for the diagnosis and management of syncope 
of the European Society of Cardiology (ESC). Eur Heart J 
2009;30:2631–71. DOI: 10.1093/eurheartj/ehp298; PMID: 
19713422; PMCID: PMC3295536

6.	 Sun BC, Costantino G, Barbic F, et al. Priorities for emergency 
department syncope research. Ann Emerg Med 2014;64: 
649–55.e2. DOI: 10.1016/j.annemergmed.2014.04.014;  
PMID: 24882667

7.	 Freeman R, Wieling W, Axelrod FB, et al. Consensus statement 
on the definition of orthostatic hypotension, neurally 
mediated syncope and the postural tachycardia syndrome. 
Clin Auton Res 2011;21:69–72. DOI: 10.1007/s10286-011- 
0119-5; PMID: 21431947

8.	 Sheldon R. Syncope diagnostic scores. Prog Cardiovasc Dis 
2013;55:390–5.

9.	 Mitro P, Kirsch P, Valocik G, Murin P. Clinical history in the 
diagnosis of the cardiac syncope-the predictive scoring 
system. Pacing Clin Electrophysiol 2011;34:1480–5.  
DOI: 10.1111/j.1540-8159.2011.03167.x; PMID: 21797896

10.	 Duplyakov D, Golovina G, Garkina S, Lyukshina N. Is it possible 
to accurately differentiate neurocardiogenic syncope from 
epilepsy? Cardiol J 2010;17:420–7. PMID: 20690104

11.	 Wieling W, Thijs RD, van Dijk N, et al. Symptoms and signs of 
syncope: a review of the link between physiology and clinical 
clues. Brain 2009;132:2630–42. DOI: 10.1093/brain/awp179; 
PMID: 19587129

12.	 Sheldon R, Rose S, Connolly S, et al. Diagnostic criteria for 
vasovagal syncope based on a quantitative history. Eur Heart 
J 2006;27:344–50. PMID: 16223744

13.	 Robertson D. The epidemic of orthostatic tachycardia and 
orthostatic intolerance. Am J Med Sci 1999;317:75–7.  
PMID: 10037110

14.	 Garland EM, Raj SR, Black BK, et al. The hemodynamic and 
neurohumoral phenotype of postural tachycardia syndrome. 
Neurology 2007;69:790–8. PMID: 17709712

15.	 Thieben MJ, Sandroni P, Sletten DM, et al. Postural orthostatic 
tachycardia syndrome: the Mayo clinic experience. Mayo Clin 
Proc 2007;82:308–13. PMID: 17352367

16.	 Schondorf R, Low PA. Idiopathic postural orthostatic 
tachycardia syndrome: an attenuated form of acute 
pandysautonomia? Neurology 1993;43:132–7. PMID: 8423877

17.	 Low PA, Singer W. Management of neurogenic orthostatic 
hypotension: an update. Lancet Neurology 2008;7:451–8.  
DOI: 10.1016/S1474-4422(08)70088-7; PMID: 18420158; 
PMCID: PMC2628163

18.	 Low PA, Opfer-Gehrking TL, Textor SC, et al. Postural 
tachycardia syndrome (POTS). Neurology 1995; 
45(4 Suppl 5):S19–25; PMID: 7746369

19.	 Benarroch EE. Postural tachycardia syndrome: a 
heterogeneous and multifactorial disorder. Mayo Clin Proc 
2012;87:1214–25. DOI: 10.1016/j.mayocp.2012.08.013; PMID: 
23122672; PMCID: PMC3547546

20.	 Singer W, Sletten DM, Opfer-Gehrking TL, et al. Postural 
tachycardia in children and adolescents: what is abnormal? 
J Pediatr 2012;160:222–6. DOI: 10.1016/j.jpeds.2011.08.054; 
PMID: 21996154; PMCID: PMC3258321

21.	 Brewster JA, Garland EM, Biaggioni I, et al. Diurnal variability 
in orthostatic tachycardia: implications for the postural 
tachycardia syndrome. Clin Sci (Lond) 2012;122:25–31. DOI: 
10.1042/CS20110077; PMID: 21751966; PMCID: PMC3172399

22.	 Kizilbash SJ, Ahrens SP, Bruce BK, et al. Adolescent fatigue, 
POTS, and recovery: a guide for clinicians. Curr Probl  

Pediatr Adolesc Health Care 2014;44:108–33. DOI: 10.1016/ 
j.cppeds.2013.12.014; PMID: 24819031

23.	 Winker R, Barth A, Bidmon D, et al. Endurance exercise 
training in orthostatic intolerance: a randomized, controlled 
trial. Hypertension 2005;45:391–8. PMID: 15699447

24.	 Fu Q, Vangundy TB, Galbreath MM, et al. Cardiac origins of 
the postural orthostatic tachycardia syndrome. J Am Coll 
Cardiol 2010;55:2858–68. DOI: 10.1016/j.jacc.2010.02.043; 
PMID: 20579544; PMCID: PMC2914315

25.	 Raj SR, Biaggioni I, Yamhure PC, et al. Renin-aldosterone 
paradox and perturbed blood volume regulation underlying 
postural tachycardia syndrome. Circulation 2005;111:1574–82. 
PMID: 15781744

26.	 Rowe PC, Calkins H, DeBusk K, et al. Fludrocortisone acetate 
to treat neurally mediated hypotension in chronic fatigue 
syndrome: a randomized controlled trial. JAMA 2001;285: 
52–9. PMID: 11150109

27.	 Jacob G, Shannon JR, Black B, et al. Effects of volume loading 
and pressor agents in idiopathic orthostatic tachycardia. 
Circulation 1997;96:575–80. PMID: 9244228

28.	 Raj SR, Black BK, Biaggioni I, et al. Propranolol decreases 
tachycardia and improves symptoms in the postural 
tachycardia syndrome: less is more. Circulation 
2009;120:725–34. DOI: 10.1161/CIRCULATIONAHA.108.846501; 
PMID: 19687359; PMCID: PMC2758650

29.	 Fu Q, Vangundy TB, Shibata S, et al. Exercise training versus 
propranolol in the treatment of the postural orthostatic 
tachycardia syndrome. Hypertension 2011;58:167–75. DOI: 
10.1161/HYPERTENSIONAHA.111.172262; PMID: 21690484; 
PMCID: PMC3142863

30.	 McDonald C, Frith J, Newton JL. Single centre experience 
of ivabradine in postural orthostatic tachycardia syndrome. 
Europace 2011;13:427–30. DOI: 10.1093/europace/euq390; 
PMID: 21062792; PMCID: PMC3043639

31.	 Raj SR, Black BK, Biaggioni I, et al. Acetylcholinesterase 
inhibition improves tachycardia in postural tachycardia 
syndrome. Circulation 2005;111:2734–40. PMID: 15911704

32.	 Kanjwal K, Karabin B, Sheikh M, et al. Pyridostigmine in the 
treatment of postural orthostatic tachycardia: a single-center 
experience. Pacing Clin Electrophysiol 2011;34:750–5. DOI: 
10.1111/j.1540-8159.2011.03047.x.; PMID: 21410722

33.	 Gaffney FA, Lane LB, Pettinger W, Blomqvist CG. Effects of 
long-term clonidine administration on the hemodynamic 
and neuroendocrine postural responses of patients with 
dysautonomia. Chest 1983;83:436–8. PMID: 6295714

34.	 Shibao C, Arzubiaga C, Roberts LJn, et al. Hyperadrenergic 
postural tachycardia syndrome in mast cell activation 
disorders. Hypertension 2005;45:385–90. PMID: 15710782

35.	 Taneja I, Bruehl S, Robertson D. Effect of modafinil on acute 
pain: a randomized double-blind crossover study. J Clin 
Pharmacol 2004;44:1425–7. PMID: 15545315

36.	 Kpaeyeh JJ, Mar PL, Raj V, et al. Hemodynamic profiles 
and tolerability of modafinil in the treatment of postural 
tachycardia syndrome: a randomized, placebo-controlled 
trial. J Clin Psychopharmacol 2014;34:738–41. DOI: 10.1097/
JCP.0000000000000221; PMID: 25222185; PMCID: PMC4239166

37.	 Shen WK, Low PA, Jahangir A, et al. Is sinus node modification 
appropriate for inappropriate sinus tachycardia with features 
of postural orthostatic tachycardia syndrome? Pacing Clin 
Electrophysiol 2001;24:217–30. PMID: 11270703

38.	 Prilipko O, Dehdashti AR, Zaim S, Seeck M. Orthostatic 
intolerance and syncope associated with Chiari type I 
malformation. J Neurol Neurosurg Psychiatry 2005;76: 
1034–6. PMID: 15965223; PMCID: PMC1739720

39.	 Tsivgoulis G, Faissner S, Voumvourakis K, et al. “Liberation 
treatment” for chronic cerebrospinal venous insufficiency 
in multiple sclerosis: the truth will set you free. Brain Behav 
2015;5:3-12. DOI: 10.1002/brb3.297; PMID: 25722945;  
PMCID: PMC4321389

40.	 Still AM, Raatikainen P, Ylitalo A, et al. Prevalence, 
characteristics and natural course of inappropriate sinus 
tachycardia. Europace 2005;7:104–12. PMID: 15763524

41.	 Nwazue C, Paranjape SY, Black BK, et al. Postural tachycardia 
syndrome and inappropriate sinus tachycardiad: role of 
autonomic modulation and sinus node automaticity. J Am 
Heart Assoc 2014;3:e000700. DOI: 10.1161/JAHA.113.000700; 
PMID: 24721800; PMCID: PMC4187519

42.	 Morillo CA, Klein GJ, Thakur RK, et al. Mechanism of 
‘inappropriate’ sinus tachycardia. Role of sympathovagal 
balance. Circulation 1994;90:873–7. PMID: 7913886

43.	 Cappato R, Castelvecchio S, Ricci C, et al. Clinical efficacy of 
ivabradine in patients with inappropriate sinus tachycardia: 
a prospective, randomized, placebo-controlled, double-blind, 

crossover evaluation. J Am Coll Cardiol 2012;60:1323–9.  
DOI: 10.1016/j.jacc.2012.06.031; PMID: 22981555

44.	 Ptaszynski P, Kaczmarek K, Ruta J, et al. Ivabradine in 
combination with metoprolol succinate in the treatment of 
inappropriate sinus tachycardia. J Cardiovasc Pharmacol  
Ther 2013;18:338–44. DOI: 10.1177/1074248413478172;  
PMID: 23426376

45.	 Serletis A, Rose S, Sheldon AG, Sheldon RS. Vasovagal 
syncope in medical students and their first-degree relatives. 
Eur Heart J 2006;27:1965–70. PMID: 16837484

46.	 Ganzeboom KS, Mairuhu G, Reitsma JB, et al. Lifetime 
cumulative incidence of syncope in the general population: a 
study of 549 Dutch subjects aged 35-60 years. J Cardiovasc 
Electrophysiol 2006;17:1172–6. PMID: 17074006

47.	 Sheldon RS, Sheldon AG, Connolly SJ, et al. Age of first faint in 
patients with vasovagal syncope. J Cardiovasc Electrophysiol 
2006;17:49–54. PMID: 16426400

48.	 Sumner GL, Rose MS, Koshman ML, et al. Recent history of 
vasovagal syncope in a young, referral-based population 
is a stronger predictor of recurrent syncope than lifetime 
syncope burden. J Cardiovasc Electrophysiol 2010;21:1375–80.  
DOI: 10.1111/j.1540-8167.2010.01848.x.; PMID: 20662990

49.	 Rose MS, Koshman ML, Spreng S, Sheldon R. The relationship 
between health-related quality of life and frequency of spells 
in patients with syncope. J Clin Epidemiol 2000;53:1209–16. 
PMID: 11146266

50.	 Sahota I, Sheldon R, Pournazari P. Clinical improvement of 
vasovagal syncope in the absence of specific therapies: 
The Seinfeld effect. Cardiol J 2014;21:637–42. DOI: 10.5603/
CJ.2014.0096; PMID: 25524733

51.	 Sheldon R. How to differentiate syncope from seizure. 
Cardiac Electrophysiology Clinics 2013;5:423–31.  
DOI: 10.1016/j.ccl.2015.04.006; PMID: 26115824

52.	 van Dijk N, Boer KR, Colman N, et al. High diagnostic yield 
and accuracy of history, physical examination, and ECG in 
patients with transient loss of consciousness in FAST: the 
Fainting Assessment study. J Cardiovasc Electrophysiol 
2008;19:48–55. PMID: 17916139

53.	 Sheldon R, Hersi A, Ritchie D, et al. Syncope and structural 
heart disease: historical criteria for vasovagal syncope 
and ventricular tachycardia. J Cardiovasc Electrophysiol 
2010;21:1358–64. DOI: 10.1111/j.1540-8167.2010.01835.x; 
PMID: 20586825

54.	 Sheldon R, Rose S, Ritchie D, et al. Historical criteria that 
distinguish syncope from seizures. J Am Coll Cardiol 
2002;40:142–8. PMID: 12103268

55.	 Romme JJ, van Dijk N, Boer KR, et al. Diagnosing vasovagal 
syncope based on quantitative history-taking: validation 
of the Calgary Syncope Symptom Score. Eur Heart J 
2009;30:2888–96. DOI: 10.1093/eurheartj/ehp314;  
PMID: 19687157

56.	 Exposito V, Guzman JC, Orava M, et al. Usefulness of the 
Calgary Syncope Symptom Score for the diagnosis of 
vasovagal syncope in the elderly. Europace. 2013;15:1210–4. 
DOI: 10.1093/europace/eut042; PMID: 23478089

57.	 Nwazue VC, Raj SR. Confounders of vasovagal syncope: 
orthostatic hypotension. Cardiol Clin 2013;31:89–100.  
DOI: 10.1016/j.ccl.2012.09.003; PMID: 23217690;  
PMCID: PMC3589989

58.	 Natale A, Akhtar M, Jazayeri M, et al. Provocation of 
hypotension during head-up tilt testing in subjects with no 
history of syncope or presyncope. Circulation 1995;92:54–8. 
PMID: 7788917

59.	 Blanc JJ. Clinical laboratory testing: what is the role of 
tilt-table testing, active standing test, carotid massage, 
electrophysiological testing and ATP test in the syncope 
evaluation? Prog Cardiovasc Dis 2013;55:418–24. DOI: 
10.1016/j.pcad.2012.11.002.; PMID: 23472780

60.	 Krahn AD, Klein GJ, Yee R, et al. Cost implications of testing 
strategy in patients with syncope: randomized assessment 
of syncope trial. J Am Coll Cardiol 2003;42:495–501. PMID: 
12906979

61.	 Krahn AD, Klein GJ, Yee R, et al. Use of an extended 
monitoring strategy in patients with problematic syncope. 
Reveal Investigators. Circulation 1999;99:406–10. PMID: 
9918528

62.	 Farwell DJ, Freemantle N, Sulke N. The clinical impact  
of implantable loop recorders in patients with syncope.  
Eur Heart J 2006;27:351–6. PMID: 16314338

63.	 Brignole M, Donateo P, Tomaino M, et al. Benefit of 
pacemaker therapy in patients with presumed neurally 
mediated syncope and documented asystole is greater when 
tilt test is negative: an analysis from the third International 

reflex during tilt table testing predicts a similar response during 

spontaneous syncope, the benefit of pacing in positive cardioinhibitory 

tilt patients remains uncertain.63,64

Conclusions
VVS, POTS and IST are all clinical syndromes that are poorly understood 

by physicians, associated with significant morbidity (but not mortality) 

for the patients, and significant frustrations for both patients and 

their physicians. The 2015 Heart Rhythm Society Expert Consensus 

Statement on the Diagnosis and Treatment of Postural Tachycardia 

Syndrome, Inappropriate Sinus Tachycardia, and Vasovagal Syncope 

provides physicians with an introduction to these disorders and initial 

recommendations on their investigation and treatment. This statement 

should not be read as an all-inclusive ‘Bible’, but rather as a practical 

working document. Optimal care for our patients is likely to require 

going beyond this statement to personalise care to the individual. ■
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