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Foreword

Postural Tachycardia Syndrome is common, distressing, and has symptoms 
reaching far beyond simple postural tachycardia. Fortunately, we have seen 
recent rapid progress in studies of its origin and pathogenesis. Similarly, 
progress in clinical management that was slow for many years, has accel-
erated considerably. There are even recent consensus statements from the 
Heart Rhythm Society and the Canadian Cardiovascular Society. However, 
these statements usually provide only simple and high-level directions on 
what should, could, and shouldn’t be done, without tools on how to actually 
do it.

This beautiful and comprehensive volume fills the gap, with numerous 
chapters providing insight, wisdom, and tools to help assessment and care. 
Sir William Osler once wrote that a good physician treats the disease, but a 
great physician treats the patient who has the disease. The authors provide 
an all-round approach, from the initial clinical presentation by Dr. Gall to 
the crucial issue of psychological support for these all too often highly dis-
tressed patients, written by Drs. Opie, Raj, and Arnold. Read it from cover 
to cover, or pick it up and dip in and out, then take it to help your patient. It 
will stand both of you in good stead for times to come.

Prof. Dr. Robert Sheldon 
Cardiac Sciences, Libin Cardiovascular Institute  

Cumming School of Medicine  
University of Calgary
Calgary, AL, Canada  

e-mail: sheldon@ucalgary.ca
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Introduction

Nicholas Gall

Postural tachycardia syndrome (PoTS) is also 
known as postural orthostatic tachycardia 
syndrome (POTS). It is a relatively recently 
described condition presenting predominantly 
with cardiovascular symptoms and often in 
younger patients, predominantly female [1]. 
While there have been descriptions of this con-
dition in the literature for 150 years, as will 
be detailed later in this book (see Chapter2, 
Historical Background), it remains poorly 
understood and, in some environments, con-
troversial. Patients in their formative years are 
frequently significantly incapacitated by their 
symptoms but nevertheless are often diagnosed 
with a psychological or psychiatric illness rather 
than a physiological one [2]. While there is no 
true understanding of its prevalence, it does 
seem to be not uncommon and as time has gone 
on, we have become increasingly aware of large 
numbers of patients who have tolerated their 
symptoms for months and indeed years, receiv-
ing little support. While there is a clear defini-
tion, which will be detailed later in this book, 
whether that definition truly provides a detailed 
understanding of the pathophysiology remains 
uncertain. The condition has only been rela-
tively recently defined and while there are now 

international guidelines [3], much of the guid-
ance available comes solely from expert opinion.

Managing these patients emphasises the mul-
tidisciplinary nature of their symptom presenta-
tion, as while there may be a focus particularly 
on cardiovascular symptomatology, it is clear 
that there are many symptoms in many differ-
ent organ systems, which often require the input 
of different clinicians in different specialties. 
Recent surveys undertaken both in the UK [2] 
and in the United States [4] have clearly high-
lighted the symptomatic nature of our patients, 
the significant length of time it can take for 
them to receive a diagnosis, their multiple visits 
to other clinicians and to other healthcare envi-
ronments, such as the emergency department, 
where often there is a focus on whether the pres-
entation is psychological.

While the exact aetiology of the condition 
remains uncertain and as a syndrome, it may 
well be that there are multiple aetiologies [5], as 
will be detailed later in this book, it is clear that 
symptoms affect many different organ systems 
in varying ways in different patients. Indeed, 
different symptoms may be more important 
to different patients, both in terms of the sys-
tem affected but also this may vary with time. 
Anyone who has read the literature in this area 
will be aware of review articles which provide 
some understanding of the condition but often 
these focus on individual organs and it can often 
be difficult to understand the entirety of each 

© Springer Nature Switzerland AG 2021 
N. Gall et al. (eds.), Postural Tachycardia Syndrome, https://doi.org/10.1007/978-3-030-54165-1_1
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4 N. Gall

Most PoTS clinics provide similar advice in 
terms of self-management strategies. However, 
investigations and pharmaceutical management 
can vary depending upon the specialism and 
experience of the clinician and the availability of 
resources.

The management difficulties in this area have 
been discussed amongst interested clinicians and 
led on to plans to collect together experts in dif-
ferent specialties to try to provide a more coor-
dinated, multi-specialty understanding of the 
problems that we face managing these patients, 
and to provide some understanding of what indi-
vidual symptoms may indicate, how they can be 
assessed, by whom and how they may be man-
aged. We have therefore tried to collect together 
a number of mostly UK-based specialists who 
see our patients, who can provide both an under-
standing of the current literature but also an 
understanding of their experience. Others have 
provided similar assessments in other fora; for 
instance, Autonomic Neuroscience produced a 
series of articles in 2018 to mark the 25th anni-
versary of the definition of PoTS [6].

We hope that this book will provide you with 
some understanding of the postural tachycardia 
syndrome and practical suggestions on how to 
assess and manage these complex patients and 
which clinicians may be able to assist. There is 
active research in the field although it remains 
limited. Our knowledge will therefore develop 
as time progresses and hopefully in further edi-
tions of this book, we will see the evolution of 
our understanding.

References

1. Bryarly M, Phillips LT, Fu Q, Vernino S, Levine BD. 
Postural orthostatic tachycardia syndrome. JACC. 
2019;73:1207–28.

2. Kavi L, Nuttall M, Low DA, Opie M, Nicholson LM, 
Caldow E, Newton JL. A profile of patients with pos-
tural tachycardia syndrome and their experience of 
healthcare in the UK. Br J Cardiol. 2016;23:33–6.

3. Sheldon RS, Grubb BP, Olshansky B, et al. 2015 
Heart Rhythm Society Expert Consensus Statement 
on the diagnosis and treatment of postural tachycar-
dia syndrome, inappropriate sinus tachycardia, and 
vasovagal syncope. Heart Rhythm. 2015;12:e41–63.

patient's condition. While the definition focuses 
particularly on heart rate change, it is clear to 
those who manage patients in this territory, that 
focusing purely on heart rate does not lead to an 
overall improvement in the patient's symptoms 
in these multiple territories. For that reason, 
many experts tend to focus on a multidiscipli-
nary management strategy; discussions with cli-
nicians from different parts of the world often 
highlights a very similar management strategy, 
despite being developed independently.

Patients may present to varied specialities 
depending upon their predominant presenting 
symptoms and the special interest of clinicians 
and structure of local services. This will often 
be to cardiology or to blackout and syncope ser-
vices but can also be to gastroenterology, immu-
nology, rheumatology or orthopaedics amongst 
others. Fatigue and concerns relating to the 
psychological nature of the symptoms can lead 
patients to the chronic fatigue syndrome ser-
vice or to psychology/ psychiatry. It is therefore 
important for any specialist to be aware of this 
condition as it may present in many different 
guises.

As knowledge of the pathophysiology of 
PoTS has developed in recent years, with the 
growing evidence of an associated small fibre 
neuropathy in some and the finding of increased 
levels of a variety of autoantibodies, neurolo-
gists, immunologists and rheumatologists are 
increasingly developing an interest in PoTS, 
providing new services for patients and explor-
ing new potential therapeutic opportunities. 
On occasion, a PoTS clinic will exist within a 
Medicine for the Elderly clinic, even though 
patients are mainly younger women; such clin-
ics have evolved as historically Medicine for the 
Elderly consultants have often developed the 
hospital’s tilt table testing service.

Whilst some areas of the UK, such as 
London, have a number of secondary and ter-
tiary care clinicians who express an interest in 
PoTS, there are other areas not so well-served 
and patients often experience difficulties in 
obtaining out-of-area referrals. Children espe-
cially find it difficult to access a knowledgeable 
paediatrician.
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5. Mar PL, Raj SR. Neuronal and hormonal perturba-
tions in postural tachycardia syndrome. Frontiers in 
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Historical Background

Kelsey Klaas and Lesley Kavi

Postural tachycardia syndrome, or PoTS, is an 
abnormal response by the autonomic nervous 
system to upright posture which results in tachy-
cardia and symptoms of orthostatic intolerance. 
The condition was first described in 1993 by 
Schondorf and Low at the Mayo Clinic in the 
United States, who proposed that the condition 
is a type of limited autonomic neuropathy. The 
condition is thought to be common; although the 
incidence is unknown, it is estimated to affect 
approximately 0.2% of the general population 
[1]. The condition is certainly not a new one, 
though it has gone by various names over time.

The earliest accounts of this condition were 
published during the American Civil War, 
and described exhausted soldiers who expe-
rienced tachycardia in the erect posture, with 
palpitations and breathlessness. Jacob M Da 
Costa, a physician practising in Philadelphia, 
first described what he called ‘irritable heart’  
in a letter to the War Department in 1862. 
Da Costa was appointed to oversee the car-
diac unit of a military field hospital, and there 
observed over 300 patients who developed 

symptoms of palpitations, tachycardia, chest 
pain, breathlessness and digestive symptoms. In 
1871, after collecting follow-up data on patients 
where available, he published his case series in 
what was one of the earliest clinical cardiology 
studies. Importantly, Da Costa acknowledged 
that his was not the first description of this con-
dition; he had found reports of what he judged 
to be similar cases in British reports from the 
Crimean War, as well as other medical mili-
tary histories and discharge records.  Da Costa 
described irritable heart as a ‘functional disorder 
of the heart,’ and excluded cases of suspected 
structural disease from his case series. In his 
patients, the onset of symptoms followed febrile 
or  diarrhoeal  illnesses, injury, or, in over a third 
of cases, extreme exertion, ‘particularly exces-
sive marching’. For treatment, he advocated rest 
and digitalis but also trialed many other medica-
tions and supplements. Some soldiers were able 
to return to active duty, but many were invalided 
or required lighter duties [2, 3].

The condition was also observed in Great 
Britain. W C Maclean, Professor of Military 
Medicine, raised concern about the high inci-
dence of functional disorders of the heart lead-
ing to invalidity in the British Army [4]. The 
War Office set up a committee to investigate, 
and in 1867 Maclean studied 5500 soldiers who 
were admitted to hospital after serving over-
seas and he reported that almost 10% were dis-
charged from the army with heart disease, the 
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Cardiology as a specialty in the United Kingdom. 
The Ministry of Pensions approached specialists 
in heart disease for assistance in assessing sol-
diers who claimed to have this condition. A group 
of physicians were appointed and met for the first 
time in 1921. They became known as the Cardiac 
Club, which subsequently became the British 
Cardiovascular Society. Mackenzie was an hon-
orary member; although ironically he vehemently 
opposed the idea of specialism, he stated that  ‘a 
specialist is, by the nature of his calling, a man 
with limited experience, and therefore he can but 
have a limited outlook’ [7].

Treatment of the soldier’s heart was of para-
mount importance during the war. In his 1916 
publication, Mackenzie advocated fresh air and 
judicious congenial exercise—fishing, riding, 
shooting and golf for the officers and bowl-
ing, quoits or skittles for lower ranks. Many of 
his patients improved and returned to duty [6]. 
Dr. Thomas Lewis, a colleague of Mackenzie 
appointed by the British Medical Research 
Committee, advocated for a graded rehabilita-
tive program involving recreation and exercise 
to be conducted in hospitals, in the Lancet in 
1918 [8]. In contrast, bed rest was favoured by 
many American physicians, who increasingly 
discussed a component of ‘neurosis’ and anxi-
ety in cases of irritable heart [5]. The condition 
by the end of the First World War was widely 
known as ‘neurocirculatory asthenia’ in the 
United States, a term that was used over the 
ensuing decades, and ‘effort syndrome’ in the 
United Kingdom. The role of psychological fac-
tors continued to be a matter of debate over the 
next several years.

During the Second World War, in 1941, the 
British Medical Journal published a series of 
lectures by Paul Wood, an eminent British car-
diologist. He declared that effort syndrome was 
a somatic manifestation of fear and incapacity, 
and tended to be exaggerated consciously or 
subconsciously in order to protect the individ-
ual from further painful emotional experience. 
He summarised that, ‘a proper psychiatric diag-
nosis is nearly always available’ [9]. Wood was 
an influential figure and perhaps as a result of 

majority of which appeared to suffer from ‘irri-
table heart’. He suggested it was caused by the 
combination of constrictive military uniform, 
excessive weight (almost 60lb) and distribution 
of the equipment typically carried by the foot 
soldiers, along with exertion.

Interest in this condition heightened shortly 
after the outbreak of World War 1, when soldiers 
returned from the front with an ‘irritable heart’. 
Heart disease became the third leading cause 
of discharge from the British army, accounting 
for over 10%, and it was believed that many of 
these cases were a result of ‘disordered action 
of the heart’ [5]. In 1915, the Medical Research 
Committee (renamed the Medical Research 
Council after 1920), under the direction of Sir 
James Mackenzie, investigated this problem. 
Mackenzie advised the War Office that a hospi-
tal should be dedicated to the treatment of this 
condition. Mount Vernon Hospital fulfilled this 
role, but as numbers increased, they were moved 
to a larger facility in Colchester. He observed 
almost 400 soldiers affected by what he called 
‘The Soldier’s Heart.’ In 1916, in a lecture at 
the London Hospital that was also published in 
the BMJ, he described their symptom complex 
of palpitations, shortness of breath, fatigue, 
precordial pain, giddiness, syncope, irritability 
and feeling ‘rotten’. They demonstrated vasomo-
tor instability with pale fingers becoming thick 
and red, and swollen lower legs. Heart rate was 
modest at rest but increased rapidly after mini-
mal exertion. They appeared unwell and were 
‘content to lie in bed and brood over their woes’. 
He noted the same phenomenon in the civil-
ian population, often following severe or infec-
tive illness. Mackenzie’s observations led him 
to conclude that the mechanism of exhaustion 
and syncope was the accumulation of blood in 
the peripheral veins of the limbs and the large 
abdominal veins with consequent ‘anaemia’ 
of the brain. He specified that the soldier’s 
heart was not primarily a heart problem and 
would probably prove to be ‘separate conditions, 
each with a definite cause’ [6].

A secondary outcome of investigations 
into the soldier’s heart was the foundation of 
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his writings, interest in effort syndrome waned. 
Affected soldiers received various diagnostic 
labels, mostly psychiatric in nature.

However, the soldier’s heart was not only a 
condition of soldiers. Da Costa,  Mackenzie, 
and several others noted its existence in their 
civilian patients [3, 6]. In his 1871 paper, Da 
Costa wrote that ‘much of what I am about to 
say could duplicate from the experience of pri-
vate practice.’ Dr. Selian Neuhof believed that 
‘the soldier’s irritable heart is no new complex, 
but is the same syndrome as seen in civilian 
life, intensified and multiplied by training and 
war conditions’ [10]. Dr. Paul White, who had 
trained with Lewis, published an account in 
1920 commenting on the frequency of cases of 
effort syndrome in his civilian practice, help-
ing to raise awareness [11]. There were further 
civilian studies, which suggested the condition 
was actually more common in women and ran 
in families.

The cause of the condition has long been 
debated, though widely believed to be hetero-
geneous, even from the earliest publications. 
Maclean had proposed that symptoms arose 
from soldiers’ accoutrements. Others believed 
excesses of tobacco, alcohol and other intoxi-
cants were to blame [7]. Fevers, excessive 
marching, and gastrointestinal illnesses were 
identified as inciting factors. White, who col-
laborated with several others to publish reports 
on neurocirculatory asthenia throughout his 
career, believed that no single cause was identi-
fiable [12]. Wood found, as earlier authors had, 
that signs of autonomic nervous system distur-
bance were frequently found, but he attributed 
this to psychological causes [13]. A descrip-
tion of overlap with anxiety disorders was also 
widespread in civilian populations. While it 
has been argued that soldier’s heart became 
shell shock, post-traumatic stress disorder 
and Gulf War syndrome, in the civilian popula-
tion, anxiety neurosis and cardiac neurosis were 
described. The name assigned to the same col-
lection of symptoms has continued to evolve. 
In the 1980s it was proposed that the condition 
was the same as ‘mitral valve prolapse syn-
drome’ [14]. Most diagnoses have focused on 

cardiac symptomatology, though, regardless of 
the name assigned, the condition is near-univer-
sally agreed to be a functional cardiac disorder. 
Palpitations were noted as a symptom from the 
earliest descriptions of soldier’s heart, and tach-
ycardia was described consistently among the 
constellation of symptoms [3, 13, 15].

Rosen and Cryer coined the term ‘postural 
tachycardia syndrome’ in a 1982 publication 
where they described a patient with postural 
symptoms of palpitations, lightheadedness, 
and headache who had an exaggerated rise in 
norepinephrine on standing [16]. There were 
reports of diabetic patients also with an exagger-
ated heart rate increase on standing [17]. These 
reports inspired Schondorf and Low to investi-
gate the cases they later published in their 1993 
paper, in which they described a form of limited 
autonomic neuropathy that they called postural 
orthostatic tachycardia syndrome or POTS [18]. 
They highlighted that whilst people with presyn-
cope/syncope and orthostatic hypotention were 
often recognised, patients who experienced these 
symptoms without a drop in blood pressure were 
not. They undertook a retrospective analysis of 
records of 188 patients between the ages of 20 
and 51 who presented to their autonomic labora-
tory during a 32 month period and reviewed in 
detail the 16 patients who exhibited orthostatic 
tachycardia on head-up tilt testing. The major-
ity were women who experienced sudden onset 
of fatigue and lightheadness, often following a 
recent viral illness. They concluded that many 
patients with POTS had idiopathic hypovolae-
mia, some evidence of small fibre neuropathy, 
mild abnormalities of arteriolar or venomotor 
tone and a more hyperadrenergic response to 
standing compared to controls. Only 2 of 11 
patients followed up 6–24 months later reported 
resolution of their symptoms. Only patients with 
no assignable cause for their postural tachycar-
dia were labeled as having POTS. This contrasts 
with current diagnostic criteria [1] where PoTS 
can be considered present in the presence of 
other co-existing and potentially causative con-
ditions such as connective tissue disorders.

Since the Schondorf and Low paper in 1993 
there has been growing interest in the postural 
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tachycardia syndrome. A PubMed search for 
journal articles using the term ‘postural tachycar-
dia syndrome’ revealed 1 article in 1994, steadily 
growing to 61 articles (both research papers and 
reviews) published in 2018 (see Fig. 1). Whilst 
there is better understanding of the symptom pro-
file, pathophysiology, associated medical condi-
tions, and management of PoTS, there remains 
much work to be done in order to fully under-
stand this challenging condition.
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Postural tachycardia syndrome, as a syndrome, 
is defined as a collection of symptoms present 
for at least six months associated with cardio-
vascular abnormalities on standing, where the 
heart rate increases inappropriately and remains 
persistently raised without significant orthos-
tatic hypotension [1–3]. The details of securing 
the diagnosis are to be found in other chapters 
of this text. While the clinical definition relies 
on a significant heart rate change, that heart 
rate change can vary both with the time of day 
[4, 5], whether the patient has eaten recently 
and in women with relation to the menstrual 
cycle [6]. There are no other specific laboratory 
/ imaging markers for this condition and indeed 
it is described as a syndrome and therefore, as 
detailed elsewhere, it may well represent a num-
ber of different pathophysiologies. In light of 
that, the diagnosis should rest not only on sug-
gestive physiological findings but also on the 
clinical presentation of the patient. Review arti-
cles have been published in the field, detailing 
the clinical presentation in major centres [7] and 
other organisations have also assessed patients 
with the condition in an effort to understand 
their symptoms [8, 9].

There is no true understanding of the preva-
lence of the condition, although 170/100,000 

population is often quoted although that is an 
estimate based on an assumption that 40% of 
patients with chronic fatigue syndrome have 
PoTS [10]. This may mean that from 500,000 
to 3,000,000 Americans are affected [2]. No UK 
study to date has assessed the incidence or prev-
alence in any formalised manner but many clini-
cians believe that it is likely to be more common 
than is often perceived. The condition is particu-
larly common in younger women and usually 
presents between the ages of 15 and 25 although 
patients will often describe that their symptoms 
began earlier and indeed a recent review of 
patient symptoms suggests that the modal age 
of onset is 14 [8]. It seems to be at least three 
times more common in women for which there 
are potential explanations, detailed elsewhere. 
It is important to recognise this demographic as 
clearly, while other patients may present with 
PoTS-like symptoms, the more different the 
patient is from this classical demographic the 
more one needs to be concerned that there may 
be an alternative explanation, perhaps a more 
significant underlying autonomic disturbance. In 
some cases, patients will describe their cardio-
vascular symptoms as being present for as long 
as they can remember and from personal expe-
rience, this may be more likely in those with 
hypermobility. One quarter may have a family 
history of similar complaints [11].

In many other cases, there is a sudden onset 
to the symptoms, in association with another 
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symptoms and more general symptoms were 
also notable. Symptoms were noted to worsen 
in over half of patients with exercise or heat, a 
quarter noted worsening around a meal and 15% 
around the time of their period.

Shaw and colleagues [8] have more recently 
summarised the characteristics of PoTS 
patients with a large, cross-sectional, online 
 community-based survey, conducted between 
academic institutions and Dysautonomia 
International, a USA-based patient advocacy 
organisation. There will clearly be some limi-
tation as the data originates from self-reported 
diagnosis and symptoms but is a much larger 
sample, involving 4835 participants. The mean 
age of symptom onset in their cohort was 21 
(±12) years with a median of 17 and a modal 
age of onset at 14. Nearly 50% noted their 
symptoms began after the age of 18. 41% of 
patients reported that their symptoms had started 
within three months of a particular event, in 
particular an infection in 41%, after surgery in 
12%, with a pregnancy in 9%, after a vaccina-
tion in 6%, after an accident in 6%, with puberty 
in 5%, after a concussion in 4% or with an emo-
tional stress/trauma in 3%. In this self-selected 
group, 94% of patients were female. A median 
of 24 months for diagnosis from symptom onset 
was notable. 16% of patients had some form of 
autoimmune disease.

A survey of PoTS patients based in the 
UK derived from the Newcastle PoTS clinic 
and subscribing to the PoTS-UK charity [9], 
assessed 136 patients with a mean age of 33, 
10% of whom were male. On average, their 
symptoms began at 24 years of age but were 
diagnosed at 31 suggesting that diagnosis may 
take up to 7 years in many cases. They noted 
significant associated conditions including 21% 
diagnosed with chronic fatigue syndrome, 18% 
diagnosed with EDS/hypermobility, 10% with 
irritable bowel syndrome, 10% with thyroid 
problems and 7% with fibromyalgia. They also 
noted that 43% of PoTS patients who had not 
been diagnosed with chronic fatigue syndrome 
would in fact have fulfilled criteria for that 
condition.

illness [10]. Often this may be a viral illness, for 
instance glandular fever (Epstein Barr virus); 
however many other precipitants can be associ-
ated, for instance a road traffic accident, during 
a pregnancy or after a complicated labour, after 
an operation or a vaccination. Stressful events 
may also be noted as a precipitant although, 
as detailed elsewhere, this should not be taken 
to suggest that the condition is purely psycho-
logical. In the end, it does not appear that one 
particular event precipitates PoTS, it is often a 
significant event potentially putting strain on 
the system which produces the changes. While 
deconditioning may be relevant to many symp-
toms, as will be detailed elsewhere, the sudden 
onset in many cases would suggest that decon-
ditioning is not the specific driver in most cases, 
more often a contributor, albeit important.

PoTS tends to present with a multitude of 
symptoms affecting many different organ sys-
tems but is particularly focused on the car-
diovascular system and it is for that reason that 
many patients with this condition will be seen 
in cardiology clinics. The table below details 
the frequency of these symptoms in two reviews 
(Table 1).

The most frequently quoted study of patient 
symptoms originates from the Mayo clinic. 
Thieban and colleagues [7] documented their 
experience over an 11-year period. They 
included patients with the classical definition 
of PoTS and excluded patients with orthostatic 
hypotension, pregnancy, other causes of auto-
nomic failure and those with systemic illness. 
They identified 152 patients, 87% being female, 
with symptoms predating the diagnosis by an 
average of four years. One in eight had a family 
history of orthostatic intolerance and 40% had 
a prior history to some degree. 13% had symp-
toms beginning acutely within one month, 14% 
between one and three months and 6% with a 
more gradual onset over three months or more, 
although in two thirds the onset was not defined. 
In their series, one quarter felt that there was a 
precipitant, often a viral illness but the major-
ity did not recognise a clear cause. They noted 
a wide range of symptoms, many relating to car-
diovascular symptoms but other, non-orthostatic 
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The most common symptoms relate to a 
sense of faintness, particularly associated with 
standing, not only when patients stand initially 
(initial orthostatic hypotension), but also when 
patients stand for any length of time. Patients 
will often feel that they have a sense that they 
need to sit or lie down in those situations to 
avoid losing consciousness. As will be detailed 
later, there is also an association with more ver-
tiginous dizziness where patients may fear that 
they will fall from being off-balance which 

does need to be differentiated from these feel-
ings of faintness. While PoTS patients are at 
risk of losing consciousness with a vasovagal 
mechanism, this is perhaps less common than 
might be assumed, perhaps 30% [6]. There is 
also a distinct association with dissociative syn-
cope in this condition. From personal experi-
ence, although the exact reasons for that remain 
uncertain, this will also produce an apparent loss 
of consciousness. However, these two forms 
of collapse can be differentiated. Vasovagal 

Table 1  The symptoms associated with PoTS have been studied in a number of series; detailed here is a summary of 
findings from the Mayo clinic and a more recent patient questionnaire

Symptom Thieben et al. [7] (%) Shaw et al. [8] 
(%)

Orthostatic Lightheadedness /dizzy 77 99

Pre-syncope 61 9

Weakness 50

Palpitations 75 87

Tremor 38 78

Shortness of breath 28 88

Chest pain 24 7

Loss of sweating 5

Excessive sweating 9

Syncope 36

Non-orthostatic Bloating 24 79

Nausea 39 90

Vomiting 9

Abdominal pain 15 83

Constipation 15 71

Diarrhoea 18 69

Bladder problems 9 68

General symptoms Fatigue 48

Sleep disturbance 32

Migraines 28 94

Myofascial pain 16 84

Neuropathic pain 2

Difficulty concentrating 94

Memory problems 87

Dry mouth 66

Dry eyes 60

Muscle weakness 83

Skin flushing 69
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those symptoms. Their sinus rate is often inap-
propriately fast and therefore much of the pal-
pitation will relate to a sense that their heart is 
beating harder, more strongly and faster than is 
required for the circumstances. It may be that 
this is noted suddenly. However usually this 
form of palpitation passes off gradually, there-
fore differentiating it from other arrhythmias 
such as supraventricular tachycardia (SVT).

Differing forms of PoTS have been recog-
nised by some, for instance neuropathic and 
hyperadrenergic. They may present with differ-
ing symptoms; hyperadrenergic PoTS may be 
more likely to present with palpitation, anxi-
ety, tachycardia and tremor [10]. Kanjwal in the 
Cardiology Journal in 2011 [14] also describe 
their experience with this form. They felt that 
in their series, these patients had a more grad-
ual onset of symptoms in comparison to others. 
They also note complaints of feeling cold and 
sweaty when upright and also note migraine 
in more than half. They also found that one 
third of their patients had high blood pressure. 
Differentiating these two distinct forms, if they 
exist, may however be not so clear-cut from per-
sonal experience.

With the associated features and condi-
tions, which are detailed elsewhere in this text, 
it is well-recognised that PoTS patients also 
describe symptoms in other organ territories 
although these can vary from patient to patient. 
They may present with gastrointestinal symp-
toms, urological symptoms, migraines, joint 
symptoms perhaps associating with hypermobil-
ity [15] and allergic symptoms associating with 
potential mast cell activation. In many patients, 
more vertiginous dizziness is often described 
which seems in many to link in with vestibular 
migraine. There can be a significant association 
with fatigue although there is little true under-
standing as to the exact causes of fatigue and it 
is for that reason that there is an overlap with 
chronic fatigue syndrome. Garland et al. [2] note 
that chronic fatigue may affect 48–77% of PoTS 
patients with 17–23% of patients being diag-
nosed formally with chronic fatigue syndrome.

Many patients complain of cold hands and 
feet, often with features of Raynaud’s and poor 

syncope is usually associated with autonomic 
symptoms and a rapid recovery of conscious-
ness albeit with patients feeling generally unwell 
and washed out afterwards, whereas dissocia-
tive syncope [12] may happen more frequently 
(many times a day), may be more prolonged 
(minutes and even longer), may be associated 
with atypical seizure-like movements and may 
be associated with eye closure which is not 
something that occurs with vasovagal syncope.

Many PoTS patients complain of chest pain 
although there is very little understanding of 
the exact aetiology [6]. It can take a number of 
different forms including sharp, stabbing pains 
which may be more musculoskeletal, and may 
potentially link in with hypermobility. There can 
be associations with gastrointestinal disturbance, 
as will be detailed later, which can also precipi-
tate chest pain of a more oesophageal quality. A 
number of patients describe angina-like chest 
tightness, which may associate with their sinus 
tachycardia. ECG changes in the inferior leads 
may occur [6]. The exact aetiology is uncertain, 
but this may also associate with dysfunctional 
breathing which is recognised to associate with 
PoTS (see Chapter 39  and Physiotherapy inter-
vention for Patients with PoTS Presenting with 
Breathlessness). Dysfunctional breathing will 
also produce breathlessness on exertion, where 
patients will feel that their exercise abilities 
are limited. However, it may not associate with 
other respiratory symptoms, may be described 
as ‘air hunger’ and may associate with either 
gasping or yawning respiration, potentially with 
hand or facial paraesthesiae. This can also occur 
when patients are lying flat in bed but is differ-
ent to orthopnoea in character. Patients may note 
some ankle swelling, but often they also tend to 
report red or purple discolouration of their legs 
when dependent (acrocyanosis), which is often 
described as pooling, although this may repre-
sent skin ischaemia [2, 13].

Patients often describe palpitation, some 
of which will relate to sensing ectopic beats as 
flutters, pauses, missed or extra beats. However, 
it does not appear that PoTS patients suffer 
any more ectopic beats than any other patient, 
although they do seem to be more aware of 
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temperature control, that is persistently feel-
ing the wrong temperature for the environment; 
again, the reasons for these symptoms remain 
uncertain. Grubb and colleagues [16] note in 
addition significant functional impairment simi-
lar to patients with chronic obstructive pulmo-
nary disease or heart failure.

In light of the widespread and disparate 
symptoms associated with this condition, many 
patients will present to a number of different 
physicians, potentially over a number of months 
and even years and indeed studies would suggest 
that many patients may take years prior to their 
receiving a diagnosis, having seen multiple dif-
ferent physicians in the interim [8, 9]. In many 
cases, the large number of symptoms associ-
ated can cause confusion in clinicians who are 
not aware of this problem and may consider that 
there can be little physiological basis to these 
multitudinous symptoms. Abnormalities in the 
autonomic nervous system, of course, can pro-
vide a clear explanation for the widespread 
issues.

The diagnosis of PoTS therefore rests not 
only on the suggestive findings of a signifi-
cant heart rate change on a stand test but also 
the presentation in a patient of the correct age, 
beginning in a classical manner, without an 
alternative explanation. The response to medi-
cations, which will be detailed elsewhere and 
indeed lifestyle change, will also provide sup-
port for the diagnosis. Clinicians in the field 
no longer focus to such an extent on the abso-
lute heart rate change, an acknowledgment 
of the complexity of the presentation which is 
reflected in the Canadian Cardiac Society guid-
ance [17].
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Diagnostic Criteria for Postural 
Tachycardia Syndrome: 
Consideration of the Clinical 
Features Differentiating PoTS 
from Other Disorders of Orthostatic 
Intolerance

Kate M. Bourne, Matthew G. Lloyd and Satish R. Raj

Abbreviations

ADHD  Attention deficit hyperactivity disorder
HR  Heart Rate
IOH  Initial Orthostatic Hypotension
IST  Inappropriate Sinus Tachycardia
OH  Orthostatic Hypotension
PoTS  Postural Tachycardia Syndrome
NET  Norepinephrine transporter
SNRI  Serotonin-norepinephrine reuptake 

inhibitor

Background

The current definition of Postural Tachycardia 
Syndrome (PoTS) was developed in 1993 by 
Ron Schondorf and Phillip Low in an effort to 
provide a standardized profile for this disorder 
[1]. Prior to this, accounts of PoTS in the lit-
erature only referred to small or single sample 
cases [1]. Through reviewing a set of patients 
age 20–51 years who demonstrated orthos-
tatic tachycardia during testing at the Mayo 
Autonomic Reflex Laboratory, a PoTS diagnosis 

was made if the heart rate (HR) increase was 2 
standard deviations above the mean increase 
for a sex-matched control population [1]. 
Importantly, these data excluded children and 
adolescents.

Diagnostic Criteria

PoTS is a chronic form of orthostatic intolerance 
marked by excessive orthostatic tachycardia and 
associated symptoms. Specifically, a PoTS diag-
nosis is made when, upon assumption of upright 
posture, a sustained HR increase of 30 beats per 
minute (bpm) or more is observed in association 
with symptoms of orthostatic intolerance [2, 3]. 
In youth under 19 years of age, this HR increase 
should be 40 bpm or more. Diagnosing PoTS 
in pediatric patients will be discussed later in 
this chapter. The duration of the increased HR 
should be sustained – in other words, seen on at 
least 2 consecutive recordings. This orthostatic 
tachycardia should develop within 10 minutes 
of upright posture [2]. It is not unusual, but not 
necessary for diagnosis, for the HR to exceed 
120 bpm [2, 3]. Orthostatic symptoms should 
improve with recumbence, and may include 
lightheadedness, blurry vision, tremulousness, 
and weakness [2, 3]. The observed postural tach-
ycardia should also be in the absence of ortho-
static hypotension (>20/10 mmHg decrease in 
blood pressure [BP]) [3], and symptoms should 
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underwent 30 minutes tilt table and active stand 
tests [5]. Orthostatic HR changes were evalu-
ated at the 10 and 30 minutes tilt and stand time 
points. During head up tilt, if the 30 minutes 
time point and 30 bpm increase were used for 
diagnosis, 80% of the healthy controls would 
have met the HR criterion for PoTS diagno-
sis [5]. This is compared to only 60% within 
10 minutes [5]. The increased orthostatic tachy-
cardia in healthy controls during the longer tilt 
tests corresponds to physiological changes in 
the body that occur over a long period of orthos-
tasis [5]. Blood return to the heart is decreased, 
as plasma is filtered through the microvascula-
ture into the interstitial spaces, reducing blood 
volume [5, 6]. However, with the active stand 
testing, the excessive tachycardia in healthy 
controls was less pronounced, with only 47% 
of control participants meeting the PoTS HR 
criterion at the 30 minutes time point [5]. In 
the PoTS group, 14 of the 15 participants met 
the PoTS HR criterion during the 10 minutes 
tilt [5]. While the majority of PoTS patients 
met the HR criterion within the first 10 min-
utes, the majority of healthy control participants 
met the HR criterion by the 30 min time point. 
The 10 min duration for the head-up tilt serves 
to capture patients with PoTS, while limiting 

be chronic (lasting at least 3–6 months) [4]. 
The critical concern is that PoTS patients must 
have both excessive orthostatic tachycardia and 
symptoms of orthostatic intolerance in order to 
meet the criteria for this disorder. The diagnostic 
criteria are summarized in Table 1.

Clinical Evaluation of a Patient 
with Suspected PoTS

While seemingly simple, there are many caveats 
to the PoTS diagnosis that are important when 
differentiating between this disorder and other 
causes of orthostatic intolerance. All diagnos-
tic criteria must be fulfilled for a diagnosis of 
PoTS. A more in-depth look at each of the diag-
nostic criteria is discussed below:

Orthostatic Tachycardia Must Occur 
Within 10 minutes

The orthostatic HR increase of 30 bpm or more 
(or 40 bpm or more in youth 12–19 years of 
age) should occur within 10 minutes of standing 
[2]. In a study investigating tilt table testing and 
PoTS, 15 PoTS patients and 15 healthy controls 

Table 1  PoTS diagnostic criteria

Clinical feature Diagnostic criterion Assessment

Excessive Orthostatic Tachycardia HR increase >30 bpm (>40 bpm in 
<19 years of age) within 10 minutes of 
upright posture [4]
Duration of tachycardia ≥30 seconds 
[5]

Active stand or head up tilt table test 
[5, 7]

Symptoms of Orthostatic Intolerance Orthostatic symptoms which improve 
with recumbence [4]

Clinical evaluation and history [5]

Absence of Orthostatic Hypotension No decrease in BP > 20/10 mmHg 
through the duration of orthostasis [5]

Active stand or head up tilt table test 
[5, 7]

Chronicity Orthostatic symptoms have been pre-
sent for a period of 3–6 months [6, 21]

Clinical evaluation and history [5]

Absence of other causes Other conditions causing orthostatic 
tachycardia and symptoms have been 
ruled out [8]

Clinical evaluation and history [5]
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inadvertent diagnosis of healthy individuals 
(false positives).

Symptoms of Orthostatic Intolerance 
and Symptoms Independent 
of Orthostasis

Symptoms of orthostatic intolerance must be 
present in addition to orthostatic tachycardia 
(Table 2). If a patient has orthostatic tachycar-
dia, but no (or minimal) orthostatic symptoms, 
they do not meet the requirements for a PoTS 
diagnosis. There must be clinical history of pos-
tural symptoms, but they are not required to be 
present at the time of orthostatic assessment. 
Clinical history may also reveal symptoms inde-
pendent of orthostasis including gastrointestinal 
disturbances, fatigue, sleep problems [3] and 
difficulty concentrating [2].

Patients may also have symptoms related to 
comorbid disorders including, but not limited to, 
Ehlers-Danlos Syndrome, mast cell activation 
syndrome, and autoimmune disorders [7]. About 
20–30% of patients may also experience syn-
cope [8]. The mechanistic relationships between 
these disorders are not fully understood at this 
time.

PoTS is a Chronic Disorder

For a formal diagnosis of PoTS, the orthostatic 
intolerance should be chronic, and present for a 
period of 6 months or longer [4]. Some centers 

use a minimum of 3 months. Realistically, it 
is unusual for PoTS symptoms to disappear 
between 3 and 6 months, so these likely repre-
sent the same populations. Many people will 
develop orthostatic intolerance with acute infec-
tious illnesses that can mimic PoTS. Unlike in 
PoTS patients, when seen with the “flu”, these 
symptoms will usually resolve after a few days 
[8]. Generally, if signs and symptoms of ortho-
static intolerance are present for a prolonged 
period of time, clinical investigation and treat-
ment should not be withheld, even if the time 
frame of symptom onset is less than 6 months.

Other Causes of Tachycardia

A detailed clinical history should rule out other 
disorders or physiological conditions that may 
have a similar clinical presentation to PoTS 
[3]. If a patient has another overt cause for their 
sinus tachycardia, a diagnosis of PoTS should 
NOT be made. A summary of these causes is 
provided in Table 3.

Dehydration and Acute Blood Volume 
Loss
Dehydration leads to reduced circulating plasma 
volume, and compensatory tachycardia will 
result from the body’s attempts to compensate 
for the reduced fluid volume [4]. For example, 
patients with acute gastrointestinal bleeding may 
present with orthostatic tachycardia (≥30 bpm 
increase), indicating a plasma volume loss of 
50% or more [9].

Table 2  PoTS symptoms

Symptoms dependent upon orthostasis [3, 18] Symptoms independent of orthostasis [3, 18]

Lightheadedness Fatigue

Shortness of breath Sleep difficulties

Sensation of rapid heart rate/palpitation Difficulty concentrating

Chest pain or discomfort Gastrointestinal disturbances including nausea, vomiting, diarrhea, 
bloating and abdominal pain

Weakness Migraine headache

Tremulousness
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in astronauts who have returned to earth. 
Prolonged exposure to low-zero gravity condi-
tions alters the body’s physiological responses to 
standing. Cardiovascular autonomic regulatory 
mechanisms are disrupted, leading to a presen-
tation of orthostatic intolerance comparable to 
individuals with PoTS [13].

A study of orthostatic intolerance and space 
flight involved astronauts engaging in a cardio-
vascular conditioning program for the duration 
of their space travel [14]. Astronauts who partic-
ipated in this study were found to have reduced 
left ventricular mass as well as reduced plasma 
and red cell volume [14]. However, despite these 
physiological changes, the astronauts did not 
have significant orthostatic tachycardia suitable 
for PoTS diagnosis [14]. The authors suggest 
that the conditioning program while in space, 
helped to counter the effects of deconditioning 
experienced upon return to earth [14]. A sepa-
rate study of 12 astronauts (n = 4 female) stud-
ied orthostatic hypotension and showed a similar 
result [15]. Throughout the 6 months the astro-
nauts were in space, they participated in a resist-
ance and endurance conditioning program. Upon 
return to earth, they were infused with 500–
1000 mL of IV saline. No astronauts developed 
orthostatic hypotension upon return to earth, 
demonstrating that a regular conditioning pro-
gram and acute volume loading were sufficient 
to prevent orthostatic intolerance [15].

Deconditioning
Severe deconditioning and prolonged bed rest 
can lead to orthostatic intolerance and PoTS-like 
symptoms. A deconditioned patient may present 
with physiological findings including hypov-
olemia [10], cardiac atrophy [10] and/or reduced 
stroke volume [11]. It is important to determine 
if a patient is deconditioned secondary to PoTS, 
or if it is the primary pathogenic mechanism of 
their orthostatic intolerance [11]. This will help 
to guide treatment, from basic reconditioning in 
a deconditioned patient, to treatment of a patient 
with pathogenic mechanisms. Deconditioning 
is common in patients with PoTS. In a study of 
patients with PoTS or orthostatic intolerance but 
not PoTS, 93% of participants were found to be 
deconditioned [11]. However, whether decon-
ditioning is cause or consequence is still under 
investigation. Some patients seen in clinic report 
periods of bedrest for 16 or more hours per 
day. While they are supine, their symptoms are 
improved, but the situation is self-perpetuating 
and deconditioning worsens. In cases of extreme 
bedrest and deconditioning, a PoTS diagnosis 
should not be made. Prolonged bedrest produces 
orthostatic intolerance similar to PoTS [12]. The 
physiological findings in individuals who have 
undergone prolonged bedrest are similar to the 
physiological findings in PoTS [12]. Similarly, 
research into spaceflight and microgravity has 
shown the presence of orthostatic intolerance 

Table 3  Other causes of tachycardia to consider when diagnosing PoTS

Medications Some medications may exacerbate tachycardia. Caffeine and alcohol use can also exacer-
bate tachycardia. A clinical review of medications is required. See Table 3.

Dehydration Dehydration will exacerbate tachycardia. Decreased plasma volume decreases venous 
return, leading to decreased stroke volume. Heart rate is increased to maintain cardiac 
output.

Physical deconditioning Physical deconditioning may cause orthostatic tachycardia. Clinical review is important to 
ascertain what lead to the deconditioning. For example, onset of PoTS symptoms leading 
to deconditioning as a consequence could warrant a PoTS diagnosis. A prolonged period 
of bedrest leading to symptoms of orthostatic intolerance may not be a PoTS mechanism.

Medical conditions Some medical conditions including anemia, hyperthyroidism and pheochromocytoma can 
lead to orthostatic tachycardia. Lab investigation and clinical history should rule out these 
disorders. 
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the renin–angiotensin–aldosterone axis, with 
an end result of increased HR, and excessively 
increased cardiac output (50–300% larger) [18]. 
Patients may present with warm and moist skin, 
tremor, pretibial myxedema [12], weight loss 
and/or thyroid bruit [19]. A neuroendocrine 
tumour called pheochromocytoma [7, 12] pre-
sents with tachycardia independent of orthosta-
sis [12]. Plasma metanephrine levels are often, 
and  non-positionally, elevated in the presence 
of this condition [12]. Other medical conditions 
including pulmonary embolism, acute coronary 
syndrome, and arrhythmic disorders [12] should 
also be ruled out before making a diagnosis of 
PoTS. Acute infectious illness will also often 
present with transient symptoms of orthostatic 
intolerance, which should resolve within a few 
days [8].

Diurnal Variability in Orthostatic 
Tachycardia

PoTS patients experience variability of symp-
toms, and most often symptoms are worse in 
the morning [12]. Consideration of the time of 
testing should be given when diagnosing PoTS, 
as orthostatic tachycardia and symptoms may 
be lessened later in the day. A study of 54 PoTS 
patients found a significantly greater propor-
tion of patients meeting PoTS diagnostic criteria 
in the morning than with testing in the evening 
(60 vs. 42%, p = 0.008) [20]. Another important 
finding in this study is the percentage of healthy 

Medications
Medications including vasodilators, diuret-
ics, stimulants, as well as some antidepres-
sant, antipsychotic, and anxiolytic medications 
may cause tachycardia [7, 16]. Medications 
that inhibit norepinephrine reuptake (via the 
norepinephrine transporter [NET]), can cause 
tachycardia due to increased stimulation of nor-
epinephrine receptors. NET-inhibitor medica-
tions including atomoxetine and reboxetine [4], 
and serotonin-norepinephrine reuptake inhibitor 
(SNRI) agents including duloxetine and venla-
faxine [8] are examples of these medications. 
Attention deficit hyperactivity disorder (ADHD) 
medication including methylphenidate has 
sympathomimetic effects, and stimulates adr-
energic receptors, leading to tachycardia [12]. 
Drospirenone, a spironolactone-analog contain-
ing oral contraceptive may also promote a sinus 
tachycardia due to diuretic effects [16]. Caffeine 
and alcohol can also contribute to orthostatic 
tachycardia [7]. A summary of these medica-
tions and their effects are listed in Table 4.

Other Medical Conditions
Some medical conditions cause tachycardia 
that can be confused with PoTS. Anemia [16] 
can lead to tachycardia, as the body works to 
maintain adequate tissue oxygenation [17]. 
Clinical evaluation of the anemic patient may 
reveal pale skin, a history of heavy men-
strual periods, and/or a vegetarian diet [12]. 
Hyperthyroidism [7, 16] can also cause tachy-
cardia. Increased thyroid hormone (T3) alters 

Table 4  Medications that can cause PoTS-like tachycardia

Medication type Effect Examples

Vasodilators Vasodilation, reduced blood return Nitroglycerin

Diuretics Decreased fluid volume Drospirenone Oral Contra-
ceptive

Norepinephrine transporter (NET) inhibi-
tors

Reduced norepinephrine reuptake Atomoxetine, reboxetine

Selective-norepinephrine reuptake inhibi-
tors

Reduced norepinephrine reuptake Duloxetine, venlafaxine

Tricyclic Antidepressants Reduced norepinephrine reuptake Nortriptyline

Attention Deficit Hyperactivity Disorder 
Medications

Sympathomimetic Methylphenidate, Ampheta-
mine

Beta-adrenergic Receptor Agonists Direct ionotropic effects. Vasodilation Salbutamol
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tilt testing in the diagnosis of PoTS is included 
in chapter “Autonomic Testing: Active Stand 
and Tilt Table Test” of this book.

Specialist Referral

A PoTS diagnosis can be made by a general cli-
nician using an in office active stand test in com-
bination with clinical assessment and ECG [3].

Syncope

A common misconception is that patients must 
faint in order to meet the criteria for PoTS. In 
reality, only about 20–30% of patients with 
PoTS will experience syncope [8]. A patient 
with PoTS could also have a syncope diagno-
sis, but syncope is not a requirement for a PoTS 
diagnosis. Prolonged pre-syncope is extremely 
common, and patients frequently report they are 
“going to faint”, but most often “frank syncope” 
does not occur. PoTS is primarily a disorder of 
“feeling faint” rather than a “fainting” disorder.

Distinguishing PoTS from Other Types 
of Orthostatic Intolerance

There are several different causes of orthostatic 
tachycardia, and it is important to rule out these 
other types of orthostatic intolerance to ensure 
an accurate diagnosis of PoTS.

Orthostatic Tachycardia Without 
Orthostatic Symptoms

Some patients may present with excessive ortho-
static tachycardia in the absence of orthostatic 
symptoms. The recent increase in consumer HR 
monitoring devices may be contributing to this 
increased presentation in clinic as patients are 
able to readily monitor their own data. However, 
without orthostatic symptoms, PoTS should 
not be diagnosed. The mechanistic differences 

controls who met the PoTS HR criterion in the 
morning but not in the afternoon (31 vs. 4%). 
Again, the presence of chronic orthostatic symp-
toms are important in the diagnosis of this clini-
cal syndrome.

Similarly, women may experience fluc-
tuations in symptom severity during different 
phases of the menstrual cycle. Estradiol and 
progesterone regulate fluids and sodium in the 
body [21]. A study of women with PoTS inves-
tigated the function of the renin–angiotensin–
aldosterone system at different phases of the 
menstrual cycle [22]. Prolonged standing tests 
(up to 2 hours), were conducted to compare par-
ticipants responses during the early follicular 
phase (EFP; low estrogen and progesterone) and 
mid-luteal phase (MLP; high estrogen and pro-
gesterone) phases of the menstrual cycle [22]. 
Plasma renin activity and aldosterone levels 
with a 2 hours standing test were higher during 
MLP than during EFP in PoTS patients [22]. 
The authors conclude that the increased estro-
gen and progesterone in the MLP are associated 
with increased renal hormones and exaggerated 
volume retention, leading to improved standing 
tolerance [22]. In a separate study, participants 
reported an increase in lightheadedness in the 
late-luteal and menstrual phases of their cycle 
[23]. These research findings demonstrate that 
menstrual cycle phase should be a consideration 
in the evaluation of PoTS.

Common Misconceptions Regarding 
the Diagnosis of PoTS

Tilt Table Testing

PoTS can be diagnosed with either a tilt table 
test or active stand testing [5]. Orthostatic tachy-
cardia is likely to be more pronounced with tilt 
due to the passive standing mechanisms and 
lack of engagement of the skeletal muscle pump 
[5]. However, a tilt table test is not required for 
PoTS diagnosis [12]. A simple “free stand” for 
10 minutes with repeated measurements of HR 
and blood pressure is a valid diagnostic test [5]. 
Further information comparing active stand and 
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in that the development of tachycardia only 
occurs with orthostasis [24]. If patients continue 
to have tachycardia independent of orthostasis, a 
PoTS diagnosis would not be appropriate.

Orthostatic Hypotension (OH) 
and Initial Orthostatic Hypotension 
(IOH)

OH is defined as a decrease in BP >20/10 mmHg 
within 3 minutes of standing [25]. PoTS patients 
may experience OH at times, especially if they 
are hypovolemic, but they must also experi-
ence an orthostatic HR increase independent of 
a decrease in BP (at other times) to meet PoTS 
diagnostic criteria [8].

IOH is defined as a transient decrease in BP 
>40 mmHg systolic BP or >20 mmHg dias-
tolic BP within 15 seconds of standing [2]. 
IOH quickly resolves within 20–30 seconds of 
standing [26]. IOH occurs in seemingly young, 
healthy individuals and the pathophysiology has 
not been fully elucidated [26]. Proposed mecha-
nisms include the role of the muscle pump, as 
well as sympathetic withdrawal and/or vasodi-
lation upon standing [26]. Reflex tachycardia in 
response to these decreased pressure states can 
result as the baroreceptors detect fluid shifts 
due to gravity. In IOH, this tachycardia should 
resolve as the BP returns to normal. Although 
PoTS patients may also experience IOH, PoTS 
should not be diagnosed in such cases where 
tachycardia is only observed in response to the 
acutely decreased BP, and is not sustained when 
the BP returns to a normal level (Fig. 2).

Supine Bradycardia: Patients with a low 
resting HR may have an orthostatic HR increase 
that meets or exceeds PoTS criteria. However, a 
PoTS diagnosis may not be appropriate unless 
their upright HR is significantly elevated [2].

Diagnosing PoTS in the Pediatric 
Patient

Children and youth are more prone to physi-
ological orthostatic tachycardia than adults [27]. 
With aging into later adulthood, physiological 

behind orthostatic tachycardia with and without 
symptoms are not well understood.

An increase in HR with exercise is not PoTS 
(even if perceived to be excessive), and should 
not be diagnosed as such. PoTS is a clinical syn-
drome and requires the presence of symptoms [8].

Orthostatic Symptoms Without 
Orthostatic Tachycardia

Some patients may present with symptoms of 
orthostatic intolerance without meeting the corre-
sponding HR criterion. Both criteria are required 
for PoTS diagnosis. These patients may be diag-
nosed with orthostatic intolerance, but not PoTS. 
It is important to note that orthostatic intolerance 
without orthostatic tachycardia is a legitimate 
diagnosis and warrants appropriate treatment. 
Some patients may seek out an incorrect PoTS 
diagnosis in order to validate their illness. A rep-
resentative diagram is shown in Fig. 1.

Inappropriate Sinus Tachycardia (IST)

IST is a disorder where excessive sinus tachy-
cardia is present independent of position. HR is 
sustained >100 bpm at rest in association with 
symptoms of palpitation [3]. IST presents in 
the absence of a clear causative medical condi-
tion, physiological process, or medication effect 
[24]. Similar to PoTS, IST primarily presents 
in adolescent and young adult females [24]. 
Mechanistic similarities between IST and PoTS 
have been proposed, however, PoTS is distinct 

Orthostatic 
Symptoms
(Not POTS)

Orthostatic 
Tachycardia
(Not POTS)

POTS

Fig. 1  For a diagnosis of PoTS, both orthostatic tachy-
cardia and orthostatic symptoms are required
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PoTS in patients 12–19 years of age. A period 
of ≥3 months may be suitable to establish chro-
nicity of symptoms in a pediatric population 
[29]. The standard test to diagnose PoTS in a 
pediatric population is a 10 min head-up tilt 
test [3, 29]. Although active stand testing is a 
validated diagnostic test in adults [5], it has not 
been validated for a pediatric population [29]. 
However, a research study has used standing as 
a diagnostic test for PoTS in 93 youth (mean age 
17) while investigating appropriate duration of 
testing [30]. Participants stood freely with their 
back against a wall for 10 minutes while ortho-
static vitals and symptoms were measured [30]. 
Notably this work found that if upright tests 
were conducted for only 2 or 5 minutes, 54 and 
27% of participants with PoTS, respectively, 
would be misdiagnosed [30]. The research-
ers also used a 2 minutes supine post-stand 

orthostatic tachycardia decreases even further. 
Therefore, many youths may experience ortho-
static tachycardia >30 bpm when upright, but 
are asymptomatic. A study established nor-
mal orthostatic HR increase in 100 healthy 
youth age 12–19 using active stand testing 
[28]. The mean HR upon upright posture was 
21.5 ± 21.2 bpm (2 standard deviations above 
the mean) [28]. The established Schondorf and 
Low criteria indicate PoTS should be diagnosed 
when the HR is 2 standard deviations above 
the mean or more [1]. Based on this study, the 
HR target would be >42.7 bpm [28] for a diag-
nosis of PoTS. A separate study of 108 healthy 
youth found 42% increased their HR by 30 bpm 
or more when upright during tilt table testing 
[27]. To adjust for this common tachycardia in 
children and youth, an orthostatic HR increase 
of >40 bpm must be achieved for a diagnosis of 

Time Time

Time Time

1. Normal 2. POTS

3. IOH 4. OH

BP

HR

HR

HR

BP

HR

BPBP

UprightSupine Supine Upright

Supine Upright Supine Upright

Fig. 2  Blood pressure and heart rate trends in a normal individual and in disorders orthostatic intolerance. 1. Normal 
blood pressure and heart rate response upright posture. A gradual heart rate increase is observed over time. Blood 
pressure remains unchanged. 2. Postural Tachycardia Syndrome (PoTS): Upon assumption of upright posture, 
excessive orthostatic tachycardia is observed. Blood pressure remains relatively unchanged. 3. Initial Orthostatic 
Hypotension (IOH): Upon upright posture, blood pressure transiently decreases and then recovers. A brief reflex tach-
ycardia is observed. 4. Orthostatic Hypotension (OH): Upon upright posture, blood pressure continually declines. A 
reflex tachycardia is observed. Figure modified from [31]
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to the contents of this chapter to disclose. Kate 
Bourne has also reported that she has no rela-
tionships relevant to the contents of this chapter 
to disclose.
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Abbreviations

PoTS  Postural Tachycardia Syndrome
NET  Norepinephrine transporter
QSART  Quantitative sudomotor axon reflex 

testing
BP  Blood pressure
QDIRT  Quantitative direct and indirect reflex 

testing
IENFD  Intra-epidermal nerve fiber density
QST  Quantitative sensory testing
RAAS  Renin–Angiotensin–Aldosterone 

system
MCAS  Mast Cell Activation Syndrome
CBF  Cerebral Blood Flow

Introduction

The central clinical sign in PoTS, orthostatic 
tachycardia, appears to be due to the convergence 
of multiple heterogeneous pathophysiological 
processes. A comprehensive etiology, including 
a precise description of how these various pro-
cesses interact, is not yet understood. PoTS sub-
types (or endophenotypes) have been developed 

in an effort to better understand the pathology 
of PoTS (Fig. 1). The primary problem with this 
paradigm is the implied exclusivity of each sub-
type. PoTS patients often have overlapping clini-
cal features involving more than one subtype. A 
secondary problem of subtyping is that the defi-
nitions for each subtype are not standard, which 
may lead to confusion in the literature, and may 
also negatively impact patient care. In our clini-
cal experience, these subtypes are often not clini-
cally helpful. A third problem is that a PoTS 
subtype provides limited information about the 
pathophysiology that underlies the phenotype. 
For instance, several mechanisms, including 
(but not limited to) hypovolemia, norepineph-
rine transport deficiency, or mast cell activation, 
may underlie the “hyperadrenergic” phenotype. 
While the last 20 years of research has added 
several novel mechanisms that contribute to 
PoTS (Fig. 2), we still do not fully understand 
the degree to which these mechanisms overlap, 
and how they might interact and contribute to the 
clinical presentation of a given PoTS patients.

Partial Sympathetic Neuropathy

In 1988, Streeten et al. observed that during 
orthostasis, PoTS patients exhibited excessive 
venous pooling in the legs [1]. They concluded 
that reduced venoconstriction was indicative of 
sympathetic denervation of the legs. The same 
group later observed that PoTS patients have 
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Fig. 1  The issue with POTS subtype labels is that they imply exclusivity from one another (a). In reality, subtypes 
often overlap (b) and patients may present with features consistent with all three POTS subtypes. Figure recreated 
with permission from [80]
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Fig. 2  Schematic diagram of the possible pathophysiological processes involved in POTS. Note that many processes 
converge to common physiological pathways. RAAS: renin–angiotensin–aldosterone system, Ach: Acetylcholine, 
SNS: sympathetic nervous system, NE: norepinephrine. Figure modified with permission from [80]
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hypersensitive responses to infusion of the sym-
pathetic agonist norepinephrine (the main sym-
pathetic neurotransmitter in the cardiovascular 
system) in the lower limb [2], so-called “dener-
vation hypersensitivity.” One of the first direct 
observations of autonomic neuropathy in PoTS 
appeared in a 1993 publication by Ron Schondorf 
and Phillip Low in the journal Neurology [3]. 
They assessed postganglionic sympathetic nerve 
function using quantitative sudomotor axon 
reflex testing (QSART), and thermoregulatory 
sweat testing in patients with PoTS. Abnormal 
sweat responses (patchy anhidrosis) were found 
in 5/10 patients, and abnormal QSART results 
in 4/16 patients. They also noted that in many 
patients, the acute onset of orthostatic symp-
toms were preceded by a viral-like prodrome. 
Given the remarkable similarities in medical his-
tory to patients with  Guillain-Barré (the acute 
onset of symptoms preceded by a viral-like pro-
drome), Schondorf and Low concluded that many 
instances of PoTS may be due to an attenuated 
form of acute autonomic neuropathy.

In 2000, a seminal paper by Giris Jacob 
and colleagues in the New England Journal of 
Medicine coined the term “neuropathic PoTS 
[4].” This thorough investigation of sympathetic 
nerve function conclusively demonstrated that a 
subset of PoTS patients have peripheral sympa-
thetic neuropathy. However, the time-consuming 
and specialized methods used are inappropriate 
for routine clinical diagnoses, and identification 
of these patients remains difficult.

The putative mechanism underlying PoTS in 
patients with autonomic neuropathy is excessive 
venous pooling due to inadequate venoconstric-
tion in the legs [1], and perhaps the splanchnic 
vasculature [5], which causes reduced cardiac 
output. A larger sympathetic outflow is required 
in order to maintain blood pressure (BP), and 
causes excessive orthostatic tachycardia.

Unfortunately, there is no gold standard 
method of diagnosing peripheral sympathetic 
neuropathy in PoTS. A variety of assessments of 
the sympathetic nerves have been used, includ-
ing: (1) QSART [6], (2) thermoregulatory sweat 
testing [7], (3) quantitative direct and indirect 
reflex testing (QDIRT) [8], (4) local assess-
ment of norepinephrine spillover [4], and (5) 
 intra-epidermal nerve fiber density (IENFD) 
from skin biopsies [8, 9]. This has made it dif-
ficult to precisely describe the prevalence, 
etiology, and physiological consequences, par-
ticularly as concordance between the tests in 
PoTS patients is poor [8]. Estimates of periph-
eral sympathetic neuropathy in PoTS vary with 
the diagnostic test, but appear to converge to 
a prevalence of approximately 50% in PoTS 
patients [4, 6–9] (Table 1).

The most comprehensive investigation of 
neurological function in PoTS patients was 
performed by Gibbons and colleagues in 2013 
[8]. They performed quantitative sensory test-
ing (QST), QDIRT, and IENFD testing in 24 
PoTS patients. They defined neuropathic PoTS 
as those patients with IENFD scores below the 

Table 1  Studies describing peripheral sympathetic neuropathy in POTS. IENFD, intra-epidermal nerve fiber density; 
QSART, quantitative sudomotor axon reflex test; QST, quantitative sensory testing; QDIRT, quantitative direct and 
indirect sudomotor testing; NE, norepinephrine

Paper Method Participants (n) Findings (% abnor-
mal)

Haensch et al. [9] Skin biopsy (IENFD) 84 45%

Gibbons et al. [8] Skin biopsy (IENFD) 24 38%

QST 50%

QDIRT 33%

Peltier et al. [6] QSART 30 57%

Thieben et al. [7] Thermoregulatory sweat test 78 54%

Jacob et al. [4] NE spillover 10 Not reported
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circulating aldosterone compared to healthy 
controls. RAAS function appears to be depend-
ant on menstrual phase and body position [12], 
which may underlie these different findings as 
not all studies tracked menstrual phase.

What is clearly demonstrated over all stud-
ies is a disparity between blood volume and 
expected RAAS function, with two studies 
reporting a reduced aldosterone:renin ratio, 
termed the “renin-aldosterone paradox” [10]. 
Several mechanisms have been proposed to 
explain the paradox, including decondition-
ing[12], low blood vessel capacitance, and 
reduced activity of  angiotensin-converting 
enzyme 2 [10]. The adrenal and kidney 
responses to infused angiotensin II appear to be 
intact in PoTS patients [18], however the pressor 
response to angiotensin II infusion is blunted in 
PoTS patients.

Recently, autoantibodies to the angioten-
sin II receptor were discovered in 12/17 PoTS 
patients [19]. Presence of these autoantibodies 
has previously been shown to inhibit angiotensin 
II mediated vasoconstriction in a rabbit model 
[20], which likely underlies the reduced pressor 
response to infused angiotensin II observed in 
PoTS [18].

The importance of hypovolemia to orthostatic 
intolerance and orthostatic tachycardia in PoTS 
is illustrated by the observation that expan-
sion of blood volume via intravenous saline or 
desmopressin (a vasopressin analog) attenuates 
standing heart rate and improves orthostatic 
symptoms [13, 21–23].

Hyperadrenergic State

Approximately 50% of PoTS patients exhibit a 
hyperadrenergic phenotype, which can be char-
acterized by standing plasma norepinephrine 
≥600 pg/mL, an orthostatic increase in systolic 
arterial pressure ≥10 mmHg, or symptoms of 
sympathetic activation during orthostasis (e.g. 
palpitations, tremulousness, anxiety) [24]. These 
patients display increased systolic BP at the end 
of phase II, and exaggerated phase IV systolic 
BP overshoot during the Valsalva maneuver.

5th percentile, and at least one of the other tests 
(QDIRT/QST) below the 5th percentile. This 
study revealed several important insights into 
PoTS neuropathies: (1) the remarkable lack of 
concordance between the various nerve func-
tion tests observed in this study implies distinct 
pathophysiological mechanisms, (2) the clini-
cal presentation of neuropathic PoTS is distinct 
from non-neuropathic PoTS in several ways 
(Table 2), and (3) neuropathic PoTS patients 
do not generally report symptoms of a pain-
ful small-fiber neuropathy, and (4) neuropathic 
PoTS patients exhibited a smaller phase IV 
overshoot during the Valsalva maneuver than the 
non-neuropathic group.

Chronic Hypovolemia and Renin–
Angiotensin–Aldosterone System

Chronic hypovolemia, including deficits in red 
blood cell and plasma volume, is a common 
finding in PoTS [10–14]. The magnitude of defi-
cit appears to be approximately 11–13% [10, 
12], but may range as high as 22% in a subset of 
patients [11]. This hypovolemic state contributes 
to reduced venous return and subsequent cardiac 
output, requiring a heightened sympathetic acti-
vation (with resultant tachycardia) to maintain 
BP via the baroreflex. Methods of blood volume 
assessment [15] used in PoTS include direct 
assessments of plasma volume with 131I-labeled 
human serum albumin [10] or dye-dilution [11], 
and direct assessments of red cell volume with 
chromium-labelled red blood cells or carbon 
monoxide rebreathing [12].

In healthy people, blood volume is typi-
cally maintained by the Renin–Angiotensin–
Aldosterone system (RAAS), via increased 
renal sodium and water reabsorption. In PoTS 
patients, despite hypovolemia, the RAAS fails 
to rectify blood volume. The specific underlying 
deficit in the RAAS pathway is unclear—PoTS 
patients have been observed to have reduced 
[16], similar [10, 17] and increased [12] cir-
culating renin, similar [11, 12] and increased 
[11] circulating angiotensin II, and reduced 
[10], similar [11, 12, 16] and increased [17] 
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of the norepinephrine transporter (NET). The 
NET is a Na+/Cl− dependant transmembrane 
protein responsible for re-uptake of norepineph-
rine from the synapse into the pre-synaptic, 
noradrenergic neuron. It therefore plays a key 
role in the physiological outcomes of sympa-
thetic activation [28].

In PoTS, the central hypothesis is that in 
a subset of the hyperadrenergic phenotype, 
reduced NET activity (via reduced expression 
or impaired function) leads to diminished nor-
epinephrine clearance, and consequentially high 
orthostatic heart rates. One family with ortho-
static tachycardia has been identified to have 
a loss-of-function mutation in the NET gene 
SLC6A2 [29]. However, subsequent sequence 
analysis of the SLC6A2 gene in other PoTS 
patients has revealed no additional genetic poly-
morphisms that could account for reduced NET 
expression/function, indicating that this genetic 
mutation is rare and is unlikely to account for 
the majority of NET dysfunction in PoTS [30, 
31]. Nevertheless, reduced expression of NET 
in vein biopsies [30], and reduced SLC6A2 gene 
expression in cultured leukocytes [31], have 
been observed in PoTS patients in the absence 
of gene mutation. Pharmacological NET inhibi-
tion can increase synaptic norepinephrine levels, 
causing a PoTS-like phenotype in healthy con-
trols [32, 33].

The underlying pathophysiology behind 
reduced NET function in PoTS is poorly under-
stood. Bayles and colleagues identified epige-
netic modulation of NET expression via histone 
acetylation modification and binding of a repres-
sive regulatory complex (methyl-CpG bind-
ing protein 2) to the SLC6A2 gene [34]. NET 
expression in PoTS (and other conditions) may 
also be partly explained by modulation by micro-
RNAs [31]. Given the well-documented RAAS 
dysfunction in PoTS, it is notable that angioten-
sin II regulates NET expression and function via 
multiple pathways [28]. This presents an interest-
ing (but unexplored) avenue of investigation.

The pharmacological treatment of neu-
ropsychiatric disorders involves a host of drugs 
that inhibit NET function, including tricyclic 

In most cases, this hyperadrenergic state 
is likely secondary to reduced vasoconstric-
tion capacity due to peripheral neuropathy, or 
excessive sympathetic activation to maintain 
BP during hypovolemia. Thus, these patients 
may display an otherwise normal autonomic 
response to other primary physiological defi-
cits. However, high sympathetic activation may 
also relate to increased levels of interleukin-6 
[25], which may in turn cause increased sympa-
thetic activation [26] and cause a positive feed-
back cycle. A small subset of hyperadrenergic 
patients (<10%) exhibit standing norepinephrine 
in excess of 1000 pg/mL, and large increases in 
BP upon standing. This disproportionate ortho-
static response may indicate excessive central 
sympathetic discharge, and/or an absence of 
baroreflex buffering of BP [27]. Some purists 
would consider this latter subgroup the only true 
form of “hyperadrenergic PoTS”.

Hyperadrenergic State: 
Norepinephrine Transporter 
Deficiency

While we often think of a hyperadrenergic state 
as one with increased sympathetic nerve traf-
fic and increase norepinephrine release, another 
mechanism of increasing synaptic norepineph-
rine levels is to decrease clearance of the nor-
epinephrine once it is has been released into the 
synapse. A key physiological contributor to the 
hyperadrenergic phenotype that has emerged in 
the last 20 years is reduced function/expression 

Table 2  Clinical markers that differ between neuro-
pathic POTS and non-neuropathic POTS

Characteristics of neuropathic POTS versus non-neuro-
pathic POTS

Lower resting and tilted heart rate
Lower measures of parasympathetic function
Lower phase 4 Valsalva overshoot
Lower anxiety and depression
Greater ability to carry out usual activities

Greater self-perceived overall health-related quality of 
life
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and colleagues [41]. They found ganglionic 
acetylcholine receptor antibodies in one PoTS 
patient (out of 16). Subsequent studies have 
reported low titer of ganglionic acetylcholine 
receptor antibodies in 5–29% PoTS patients [7, 
42, 43]. There is some debate about the clinical 
relevance of these findings, as low titers of ace-
tylcholine receptor autoantibodies are also found 
in healthy controls [39].

Circulating antibodies to several G-protein 
coupled receptors have also been found in PoTS 
patients. Antibodies to alpha-1 adrenergic recep-
tors appear to have a partial antagonistic effect, 
which may reduce sympathetically-mediated 
vasoconstriction in PoTS patients, and neces-
sitate high sympathetic outflow to maintain BP 
[44, 45]. Sympathetically-mediated vasocon-
striction may also be reduced by the presence of 
β2 adrenergic receptor antibodies, which appear 
to have an agonist effect to the vasodilatory 
function of the receptor [44, 45]. Agonist anti-
bodies to the β1 adrenergic receptor have also 
been found in PoTS, providing a direct mecha-
nism for orthostatic tachycardia in these patients 
[44, 45].

A number of additional antibodies have been 
found in PoTS patients, including cardiac lipid 
raft-associated proteins [46], muscarinic recep-
tors 1 and 2 [39], and the angiotensin II type 
1 receptor [19]. Further research is needed to 
understand the clinical significance of these 
findings. This topic is covered more in chap-
ter “Inherited Metabolic Diseases”, Is PoTS an 
autoimmune condition?

Mast Cell Activation

A subset of the wide symptomatology of PoTS 
includes “allergic-like” reactions to food, odors, 
and medications [47]. This observation has led 
to the examination of a connection between 
mast cell disorders and PoTS. Mast cells are 
white blood cells that reside in close prox-
imity to blood vessels and peripheral nerves 
[48]. They are involved in a variety of immune 
responses, such as neuro-immune responses, 
autoimmunity, and allergic reactions [49]. Mast 

antidepressants, NET inhibitors such as ato-
moxetine or reboxetine, and serotonin-norepi-
nephrine reuptake inhibitors such as duloxetine 
and venlafaxine. Indeed, NET inhibition has 
been used previously for PoTS in an attempt 
to enhance orthostatic vasoconstriction [35]. 
However, a double-blind, placebo-controlled 
trial demonstrated that acute NET inhibition 
with atomoxetine in PoTS patients worsened 
orthostatic tachycardia and symptoms in PoTS 
[36]. This is not surprising, as neuronal re-
uptake of norepinephrine is relatively higher in 
the heart than the general circulation [37, 38], 
and NET inhibitors may therefore have a rela-
tively larger effect on synaptic norepinephrine 
levels in the heart than the peripheral vascula-
ture. Medications inhibiting NET should there-
fore be used with caution in PoTS patients [24].

Immune-Mediated

The immune system is implicated in the patho-
physiology of PoTS patients for several rea-
sons. POTS patients often report that the onset 
of their disorder follows an acute viral illness 
or vaccination [3, 39], which is reminiscent 
of autoimmune neurological disorders such as 
Guillain–Barre syndrome. There are a spec-
trum of common symptoms in PoTS, including 
myalgias, fatigue, gastrointestinal complaints, 
and nausea, that are similar to those seen in 
chronic viral syndromes or autoimmune disor-
ders. There is also considerable clinical overlap 
between PoTS and Sjögren’s Syndrome, a com-
mon chronic autoimmune disorder that primar-
ily affects exocrine glands, resulting in dry eyes 
and dry mouth [40]. A recent case series of 13 
patients with Sjögren’s Syndrome that were 
referred to the Mayo Clinic Arizona autonomic 
clinic found that 8 (62%) presented with PoTS 
[40]. A diagnosis of Sjögren’s Syndrome may 
be considered in PoTS patients presenting with 
dry eyes, dry mouth, and/or gastrointestinal 
symptoms.

The earliest findings of an autoimmune role 
in PoTS was published in the New England 
Journal of Medicine in 2000 by Steven Vernino 
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patients: brain fog, anxiety, diarrhea, headache, 
bloating, joint pain, etc. To our knowledge, no 
other studies have examined mast cell activa-
tion in PoTS patients with hypertryptasemia. 
However, Lyons and colleagues [53] performed 
a survey of 96 patients, and found 46% pre-
sented with autonomic dysfunction, defined 
as an elevated composite autonomic symptom 
score (COMPASS 31) [54].

Despite the paucity of evidence linking 
PoTS with MCAS, the bi-directional interac-
tion between mast cells and neurons provide 
a strong basis of plausibility for a pathophysi-
ological link. Many symptoms associated with 
allergic reactions (itchy eyes, bronchospasm, 
and mucous production) are mediated to a large 
degree by neuronal activity [55]. Neurons can 
activate mast cells via the release of substance 
P and calcitonin gene-related peptide [56, 57]. 
Mast cells can also affect neuronal activity via 
a number of chemical messengers, including 
tryptase, cysteinyl leukotrienes, prostaglandins, 
tumor necrosis factor α, neurotrophin, and nerve 
growth factor [58].

This topic is covered in more detail in chap-
ter “Mast Cell Activation Syndrome (MCAS)”, 
“Mast Cell Activation Syndrome.”

Deconditioning

PoTS patients commonly present with poor 
cardiovascular fitness and low activity levels, 
even those who were very active and athletic 
before they became ill. Most PoTS patients have 
reduced quality of life and exhibit functional 
disability [59, 60]. Their recurrent, and often 
incessant, orthostatic intolerance likely leads 
to reduced physical activity. The physiological 
response to orthostasis in PoTS patients is remi-
niscent of deconditioned patients following pro-
longed bed rest (orthostatic tachycardia, exercise 
intolerance, reduced left ventricular mass, 
reduced stroke volume, reduced blood volume) 
[61–64]. PoTS patients also have reduced blood 
volume and left ventricular mass [65], character-
istics also commonly seen with prolonged bed 
rest [62, 66]. Reduced cardiac size produces a 

cell activation disorders refer to a set of diseases 
including (but not limited to) monoclonal mast 
cell activation syndrome, chronic autoimmune 
urticaria, and mast cell activation syndrome 
(MCAS)[50]. In particular, MCAS has been 
implicated in the pathophysiology of PoTS [48, 
51].

MCAS is characterized by the following 
criteria: (1) typical symptoms (flushing, light-
headedness, chest pain, rapid heart rate, mus-
cle and bone pain, diarrhea, dizziness/vertigo, 
etc.); (2) a substantial increase (>20%) in a 
 mast-cell-derived mediator (e.g. serum total 
tryptase, urinary methylhistamine, urinary pros-
taglandin D2, etc.), during or shortly after a 
symptomatic event, and (3) a response of clini-
cal symptoms to H1- and H2-histamine recep-
tor blockers, high dose aspirin, cromolyn-based 
agents, or other mast cell targeting agents [49].

The evidence supporting a connection 
between PoTS and MCAS is scant, with only 
one study directly examining the prevalence of 
MCAS in PoTS [51]. Shibao et al. evaluated 
patients with orthostatic intolerance referred to 
the autonomic dysfunction clinic at Vanderbilt. 
Out of 24 PoTS patients, eight women had con-
current MCAS, defined as a history of facial 
or upper trunk flushing, and urine methylhis-
tamine >230 µg/g. These patients presented as 
“hyperadrenergic,” with an exaggerated sympa-
thetic pressor response during phase IILate and 
phase IV of the Valsalva maneuver, compared 
to PoTS patients without MCAS. The purported 
mechanism linking mast cell activation with 
PoTS is via increased histamine release from 
mast cells, which causes systemic vasodilation, 
an excessive baroreflex-mediated increase in 
sympathetic activity to maintain BP, and associ-
ated tachycardia [51]. This raises the question: 
is PoTS a common finding among patients with 
MCAS?

While the prevalence of PoTS within patients 
with mast cell disorders has not been offi-
cially examined, one study found that 71% 
of patients with mastocytosis/MCAS report 
 light-headedness daily or occasionally [52]. 
Many additional symptoms reported by MCAS 
patients overlap significantly with POTS 
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orthostatic hyperpneic hypocapnia is present 
in approximately 25% of PoTS patients [79], 
many patients remain normocapnic during tilt. 
Sympathetically-mediated cerebral vasoconstric-
tion would be expected to be enhanced in hyper-
adrenergic PoTS patients. However, in part due 
to a lack of standardized definitions, these sub-
group comparisons have not been performed, 
which may underpin the controversy in the lit-
erature. The role of static cerebral autoregulation 
remains a point of debate [80].

Cerebral autoregulation can also be mod-
eled as a dynamic process. BP oscillates with 
breathing at around 0.3 Hz, but also oscillates 
at ~0.1 Hz, so-called “Mayer waves [81].” The 
buffering of these oscillations by the cerebral 
circulation, among other processes, is termed 
dynamic cerebral autoregulation [69]. The integ-
rity of dynamic cerebral autoregulation in PoTS 
is also controversial. Schondorf et al. examined 
this in PoTS patients, and found no difference 
between PoTS patients and controls in the trans-
fer function coherence between BP and CBF, 
and concluded that dynamic cerebral autoregula-
tion is intact in PoTS patients [76].

However, several subsequent publications 
from Dr. Julian Stewart’s group at New York 
Medical College have demonstrated increased 
BP-CBF coherence [71, 74, 82] in PoTS 
patients. While this may be indicative of reduced 
dynamic cerebral autoregulation, it may also be 
that larger BP oscillations in PoTS exceed the 
autoregulatory range [71]. Both BP and CBF 
variability increase in magnitude with  head-up 
tilt angle in a dose-dependent manner [71]. The 
central consequences of these large CBF oscil-
lations may be reduced cognitive function and 
functional cerebral hyperemia [71]. This pro-
vides a potential mechanistic underpinning 
the “brain fog” commonly reported in PoTS 
patients. One might argue that this relationship 
is purely co-incident (and not causal), however 
inducing large oscillations in BP in healthy con-
trols also reduces working memory [83] and 
functional hyperemia [84]. This literature would 
be enhanced by further confirmatory publica-
tions from other groups.

less “distensible” heart, and reduced stroke vol-
ume during orthostasis via the Frank-Starling 
mechanism. Therefore, heart rate must increase 
to maintain cardiac output, providing a direct 
mechanistic link between deconditioning and 
PoTS. Supervised, PoTS-specific exercise pro-
grams have been shown to increase blood vol-
ume and left ventricular mass in PoTS patients 
[65], and improve orthostatic tachycardia, 
orthostatic symptoms, and quality of life [67]. 
Exercise treatment is covered in more detail 
in chapter “Exercise Guidelines for Postural 
Tachycardia Syndrome”.

Impaired Cerebral Autoregulation

Symptoms of orthostatic intolerance are a major 
cause of reduced quality of life in PoTS patients 
[60, 68]. The presence of these symptoms dur-
ing normal BP while upright implies a reduced 
ability for the cerebral vasculature to maintain 
constant cerebral blood flow (CBF) over a range 
of perfusion pressures, a phenomenon known 
as cerebral autoregulation. Cerebral autoregula-
tion can be modeled as “static,” referring to the 
absolute cerebral blood flow at a given BP, or 
“dynamic,” which refers to the acute cerebral 
blood flow responses to fluctuations in BP [69].

The issue of static cerebral autoregula-
tion in PoTS is controversial. Several stud-
ies have shown excessive reduction in middle 
cerebral artery blood flow velocity during 
head-up tilt [70–73], implying impaired static 
cerebral autoregulation. This may be due to 
hyperpneic hypocapnia [73] (hyperventila-
tion with deep breathing), but has also been 
observed under normocapnic conditions [74]. 
Reduced orthostatic CBF may be due to a 
 sympathetically-mediated increase in cer-
ebrovascular resistance [72], but has also been 
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blood volume. Clin Sci. 2006;110:255–63.

 12. Fu Q, Vangundy TB, Shibata S, Auchus RJ, 
Williams GH, Levine BD. Menstrual cycle affects 
renal-adrenal and hemodynamic responses during 
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2007;334:32–6.
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AC, Robertson RM, Biaggioni I. Hypovolemia 
in syncope and orthostatic intolerance role 

Conclusion

The physiology behind PoTS is complex and 
incompletely understood. As we expand our 
understanding of the separate mechanisms 
that can contribute to the PoTS phenotype, 
the development of standardized clinical tests 
and definitions is needed to allow us to exam-
ine whether treatment should be tailored to the 
underlying pathology. A necessary step to this 
tailored approach is a description of the inter-
play between pathophysiological mechanisms, 
as many PoTS patients present with character-
istics of several PoTS subtypes. Understanding 
the interaction of pathologies in a given PoTS 
patient is critical to individualized treatment.
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Cardiological 
Considerations: Tests 
to Consider, Are They 
Useful and What Do They 
Show?

Tushar V. Salukhe

History taking is fundamental to the diagnosis of 
PoTS. Careful symptom assessment and physi-
cal examination will, in most patients, raise suf-
ficient suspicion towards diagnosis and avoid 
a shotgun approach to further investigation. 
Important aspects of history and examination are 
covered elsewhere.

The premise of performing cardiac inves-
tigations in patients suspected of PoTS is to 
exclude other diagnoses, to describe cardiovas-
cular physiology and to plan treatment. Patients 
attending specialist clinics for presyncope or 
transient loss of consciousness should routinely 
have a 12-lead ECG. The patient’s history, phys-
ical examination and 12 lead ECG will uncover 
most red flag signs to warrant further investiga-
tion. These red flags signs are covered later. In 
the context of a suggestive history and a normal 
12 lead ECG the yield of further cardiac investi-
gation is very low.

Echocardiography

Documentation of normal structure and function 
of cardiac chambers and valves may be useful in 
a selection of PoTS patients. This is particularly 

so when dizziness and palpitations occur in the 
context of comorbidities such as known coro-
nary disease, known structural heart disease, 
concomitant symptoms of heart failure, a family 
history of early, unexpected death or an abnor-
mal 12 lead ECG. In the absence of these red 
flag signs, the added diagnostic value of echo-
cardiography is diminished.

Palpitations with symptoms suggestive of 
cardiovascular compromise such as dizziness 
or transient loss of consciousness may have a 
more sinister connotation when associated with 
structural heart disease. Structural and func-
tional abnormalities such as ventricular dilata-
tion, hypertrophy, wall motion abnormalities or 
impaired function should prompt specific effort 
to exclude malignant explanations for such 
symptoms and early referral to a cardiologist.

In the absence of red flag signs, echocardiog-
raphy should not be considered routine investi-
gation in the majority of young (under 40 years 
old) PoTS patients.

Holter Electrocardiography

The Holter ECG is an invaluable tool for the 
cardiologist to achieve an arrhythmic diagnosis, 
assess arrhythmia burden and heart rate variabil-
ity, yet it is often used ineffectively. Skilled and 
productive use of Holter ECG relies on care-
ful evaluation of palpitations, with particular 
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in recumbent bicycle exercise VO2max [4]. 
Moreover, in patients with the oft-compared 
chronic fatigue syndrome, there is a clear dif-
ference in the perceived effort made by patients 
with chronic fatigue, who subjectively reported 
a greater level of effort than controls to achieve 
the same levels of activity. Although there is 
ample data to show that deconditioning in PoTS 
is reversible with exercise training, this is read-
ily assessed with clinical symptoms and does 
not require the use of routing exercise testing.

In summary, the demonstration of a sinus 
tachycardia within 10 minutes of assuming 
upright posture (typically by 30 bpm in adults) 
defines postural orthostatic tachycardia. The 
diagnosis of the syndrome requires the presence 
of several of the varied constellation of symp-
toms associated with this exaggerated physi-
ological response. The uses of ancillary cardiac 
investigations, however simple or non-intrusive, 
are used to exclude other pathologies if sus-
pected clinically and are rarely helpful for diag-
nosis or monitoring treatment in PoTS patients.
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attention to symptom frequency, duration, onset/
offset and triggers.

Palpitations in PoTS are typically associated 
with upright posture. Capturing symptoms on 
pulse palpation or ECG may be readily achieved 
with an in-clinic stand test or tilt testing. Thus, 
the sinus tachycardia associated with postural 
symptoms is easy to document. Holter moni-
toring is not required for PoTS diagnosis but 
may have some value to exclude pathological 
arrhythmia, assessing sinus tachycardia burden 
and assist in differentiating adrenergic subtypes 
of PoTS or the often-overlapping inappropri-
ate sinus tachycardia [1]. Such differences may 
be assessed with mean heart rates and the shape 
of heart rate histograms on Holter analysis. 
However, such sub-classification may have little 
impact on management.

Cardiopulmonary Exercise Testing

Orthostatic symptoms are often presented as 
exercise intolerance by PoTS patients. The 
mechanisms of reduced exercise tolerance are 
likely to be multifactorial and not simply con-
fined to lower body pooling and venodilatation. 
Deconditioning and cognitive misperception of 
effort also have a role.

There is evidence that VO2max is reduced 
in patients with PoTS. This has largely been 
documented with upright exercise on treadmill, 
a position in which PoTS patients are particu-
larly vulnerable [2, 3]. The VO2 deficit does not 
reflect a deficit in cardiovascular reserve but is 
rather a function of deconditioning, the hallmark 
of which is an excessive heart rate response to 
exercise and slow recovery.

The argument for postural decondition is 
further supported by the observation that there 
is no measurable difference in maximum heart 
rate and VO2max in patients with PoTS when 
compared to age-matched normal controls 
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Neurological Investigations

Robert Shane Delamont

Neurological Investigations in PoTS

An Approach to Neurological 
Investigations in PoTS

For those outside in the non-specialised world, 
PoTS has come to mean any condition which is 
associated with non-specific symptoms. These 
symptoms can relate to the cardiovascular, neu-
rological, respiratory, gastroenterological, geni-
tourinary, skin, sleep as well as neuro-cognitive 
and psychological components of bodily func-
tion. The nervous system innervates all aspects 
of the body, so, at first presentation and initial 
assessment, it can be difficult to know where 
to start. In fact, as in most areas in medicine, 
the initial and most important step is to take a 
detailed history and establish which symptoms 
are most troubling for the patient. This guides 
subsequent assessments, including neurological 
investigations.

After the initial history is taken, the clinician 
has to decide how many and in which order to 

undertake their investigations. This relates to 
all investigations and not just to neurological 
ones. Neurological investigations should sup-
port and complement non-neurological inves-
tigations. This may be best delivered by taking 
a  multi-disciplinary team approach to manag-
ing investigations in this group of patients. 
Managing the complexities of modern testing 
is also helped by taking a tiered approach to 
investigations as is already used in other areas of 
medicine such as in oncology and various sur-
gery meetings, such as for undertaking epilepsy 
surgery. For patients with PoTS, the challenge 
is to combine relevant investigations outside the 
cardiovascular system, so that they usefully con-
tribute to diagnosing and stratifying the disorder.

Finally, one has to take into account the 
health system in which the doctor and patient 
operate. Judicious and timely investigation is 
always our goal in clinical medicine, but the 
practicalities of delivering that can be quite chal-
lenging. Within the UK, and its popular NHS, 
health care is delivered across networks, some 
with a hub and spoke structure, such that some 
of the neurological tests are delivered within 
primary care, some within District General 
Hospitals and some within Tertiary centres with 
a greater collection of specialists in PoTS, both 
within neurology and outside the specialty.
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clinician. Careful wording in the referral is use-
ful to ensure that the reporting radiologist has 
included the cranio-cervical junction in their 
assessment.

CT is sometimes more widely available 
and can be used in lieu of MRI. This can have 
implications for patients with PoTS as they are 
often young women and it is arguable whether 
they should have CT as a first line investiga-
tion at all in this situation. Subsequently, MRI 
in Investigational Centres may be necessary 
to ensure that alternative diagnoses have been 
effectively eliminated. Where fatigue has been 
a dominant symptom and if subtle neurologi-
cal abnormalities are identified on examination, 
identifying other conditions is important. Within 
the central nervous system, multiple sclero-
sis would be important to have considered and 
eliminated.

Neurological Investigations Within 
Secondary/Tertiary Care

Diagnosing a PoTS response can be achieved by 
a simple 10 minutes prolonged stand. While this 
enables labelling, it does not confirm that there 
is no evidence of autonomic failure contribut-
ing to the disorder and for this reason autonomic 
function testing is one of the initial investiga-
tions undertaken.

Autonomic Function testing frequently shows 
evidence of exaggerated HR responses to stand-
ing but they may not reach the criteria of a sus-
tained 30 bpm increase in the first 10 minutes of 
standing (see also Chapter 8: The active stand/
tilt tests). This can lead to a lack of clarity for 
patients. It should be remembered that there is a 
diurnal variation in postural HR responses [1], 
that circumstances of testing can vary despite 
the best attempts to standardise testing condi-
tions, patient hydration state, room temperature 
and anxiety are all important considerations.

Ancillary features to note in addition to 
crude heart rate changes include the pres-
ence of Mayer type waves which can be seen 
 pre-syncopally, but may be seen during a 

Neurological Investigations Within 
Primary Care

The role of primary care is to ensure that any 
issues related to the general medical state of 
the patient have been assessed. This includes 
basic haematology including FBC, biochemistry 
including renal function, electrolytes, liver func-
tion tests, calcium and bone minerals, a fasting 
blood sugar and an HbA1c. Knowing whether 
there is an abnormality in these basic parameters 
is essential because of their significant impact 
on neurological function both acutely and in 
the longer term. Given the increasing incidence 
of diabetes and pre-diabetes in communities 
around the world, this must be any baseline test-
ing. Serum B12 and folate available as a base-
line are important because of their impact on 
neurological function and because many patients 
with PoTS may have gastro-intestinal disorders 
with secondary effects on absorption of nutrients 
including B12 and folate.

A 12 lead ECG should also be available. 
While it can be seen as relating to the heart, the 
frequent presentation with dizziness and pos-
sible pre-syncope often coming through neu-
rology clinics, an ECG should be regarded as 
essential. This gives us an idea if there are car-
diological issues requiring their input and may 
also flag up conduction abnormalities which 
may be markers of channelopathies which them-
selves can be associated with neurological dis-
orders such as epilepsy which can co-exist with 
syncope and pre-syncope.

Whether to image and which modality to use 
depends on what is available in primary care and 
the initial set of symptoms leading to further 
assessment. Imaging may be more widely avail-
able in the secondary sector or in investigational 
centres for PoTS. Where the initial presentation 
relates to experiential symptoms, early cerebral 
imaging with adequate anatomical detail is rec-
ommended. This is largely by MRI of the head 
including the cranio-cervical junction. Imaging 
at this level in the health service will usually 
deliver reports often by general radiologists 
and not the images to review by the referring 
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prolonged stand when the patient complains of 
difficulty focusing and brain fog [2]. On stand-
ing there can be an exaggerated rise in blood 
pressure which is sustained for the 10 minutes. 
During Valsalva manoeuvres, elevated phase II 
late and phase IV blood pressures can be seen.

Syncopal events can be triggered and this 
should be interpreted in light of the history.

Further neurophysiology of peripheral 
nerve function will be influenced by the results 
of autonomic function testing (see chapters 
“Additional Autonomic Tests” and “PoTS from 
a Patient's Perspective”). If there is evidence of 
autonomic failure, it is essential to undertake 
large fibre neurophysiology to identify evidence 
for a large fibre neuropathy.

Up to 50% of PoTS patients evaluated at ter-
tiary centres have evidence of partial sympa-
thetic denervation of the lower limbs. This is 
assessed by thermoregulatory sweat test (TST), 
quantitative sudomotor axon reflex testing, 
intra-epidermal nerve fibre density [3] and with 
 meta-iodobenzylguanidine (MIBG) scans, though 
this last feature remains subject to on-going debate.

Undertaking small fibre studies, remains 
a specialised test, but promises to illuminate 
more about the pathophysiology of the disor-
der and may enable sub-grouping in the future. 
Consistent abnormalities in different parameters 
of C-fibre function in a large proportion of PoTS 
patients have been demonstrated. Specifically, 
the relative time occurrence of the supernor-
mal and the refractory period of excitability of 
sympathetic axons indicates depolarised axonal 
membrane potentials [4]. Also, some PoTS 
patients with comorbid chronic pain have signs 
of spontaneous activity in C-nociceptors.

For patients with evidence of a small fibre 
neuropathy, more detailed history should be 
undertaken as the list for causes of small fibre 
neuropathies is long and is outlined in Table 1 
[5]. Such a list is not complete and is always 
subject to updating. This is particularly true for 
drugs and toxins which are, an ever expand-
ing cause of small fibre disease. The other area 
which is being increasingly recognised is that 
of paraneoplastic causes. Both should be looked 
for very carefully.

Once detailed clinical history and examina-
tion have been undertaken, targeted laboratory 
testing can be undertaken. However, not all of 
these potential investigations will be available 
as clinical tests. Some are very specialized and 

Table 1  Causes of small fibre neuropathy

Impaired glucose control Diabetes mellitus

Rapid glycaemic control

Vitamin B12 deficiency

Dyslipidaemia

Hypothyroidism

Chronic kidney disease

Hereditary/genetic Nav1.7 mutations

Nav 1.8 mutations

Familial amyloid polyneu-
ropathy

Fabry’s disease

Tangier’s disease

Infections HIV

Hepatitis C

Influenza

Toxins and Drugs Anti-retroviral

Antibiotics Metronidazole

Nitrofurantoin

Linezolid

Chemotherapy: Proteasome 
Inhibitor

Bortezomib

Anti-arrhythmic agents Flecainide

Statins

Alcohol

Vitamin B6 toxicity

Immune disorders Coeliac disease

Sarcoidosis

Sjögren’s syndrome

Rheumatoid disease

Systemic lupus erythema-
tosus

Vasculitis

Inflammatory bowel 
disease

Paraneoplastic disorders

Monoclonal gammopathy/
amyloid
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clinician to establish the time course, progres-
sion, relapsing features and the predominant 
bodily systems involved. This enables the clini-
cian to take a tiered approach to investigations. 
This particularly applies to any neurologist who 
sees patients with PoTS.
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will be available only in specialized hospitals or 
Units including National Centres. There is little 
evidence to suggest that routine testing for gan-
glionic acetylcholine receptor antibodies is use-
ful as a routine practice. The role for identifying 
α1-adrenergic or β-adrenergic antibodies in rou-
tine clinical practice remains subject to debate 
and discussion [6].

Where experiential phenomena are a promi-
nent component of the history, thought should 
be given to capturing an attack. This can be dur-
ing autonomic function testing where continuous 
heart rate and blood pressure records are available. 
All patients should ideally have their testing done 
under video surveillance to be able to carefully 
review any phenomena that occur at the time.

The true incidence of syncope in patients with 
PoTS remains unclear. Experiential symptoms 
such as brain fog, detachment, light headedness, 
blurred vision, nausea, headache and tremor are 
well described and on occasion may raise the 
question of whether epilepsy may be relevant. 
Careful history taking usually enables the treat-
ing clinician to delineate between the two types 
of experiential disorder, but it is not always easy. 
This group of patients also have a high preva-
lence of migraine which can confuse the treat-
ing clinician (see also Chapter 15: Headache). 
An electroencephalogram (EEG) is needed on 
occasion and sometimes an attempt to activate 
the attacks may be needed. This should be under-
taken in a laboratory which is familiar with this 
procedure and is able to interpret EEGs [7]. It 
also enables differentiation between syncope 
and non-syncopal and non-epileptic attacks [8]. 
Dissociative attacks are well recognised in the 
epilepsy field. Hypokinetic dissociative attacks 
are less well recognised and often associated 
with delayed diagnosis [9]. They can be misdiag-
nosed as epilepsy and increasingly syncope.

In Summary

The key to deciding on the neurological inves-
tigations needed in patients with PoTS lies in 
the history. This requires sufficient time for the 
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Tests

Matthew G. Lloyd, Kate Bourne and Satish R. Raj

Abbreviations

PoTS  Postural Tachycardia Syndrome
HR  Heart rate
AST  Active stand testing
HUT  Head-up tilt
VOSS  Vanderbilt Orthostatic Symptom Score

Assessment of Orthostatic 
Tachycardia

Clinical evaluation of orthostatic tachycardia is 
critical to the diagnostic assessment of postural 
tachycardia syndrome (PoTS). A key diagnostic 
criterion for PoTS is a heart rate (HR) increase 
of ≥30BPM within 10 minutes of positional 
change from supine to standing, and without 
orthostatic hypotension (>20/10 mmHg reduc-
tion) [1]. Active stand testing (AST) and head 
up tilt table testing (HUT) can both be used to 
evaluate the presence of this tachycardia. While 
there are methodological differences between 
the two tests, the commonalities of assessing 
orthostatic tachycardia in PoTS will be dis-
cussed first.

Continuous measurement of beat-to-beat 
blood pressure (BP) and heart rate (HR) are 
preferable during both AST and HUT. If con-
tinuous monitoring is not available, HR and 
BP readings should be recorded at regular time 
intervals [2]. HR measurements using pulse 
oximetry, non-invasive brachial blood pres-
sure cuff measurements or manual palpation are 
acceptable in the clinical diagnostic setting, but 
do not allow for detection of non-sinus rhythm. 
Incremental blood pressure readings using a 
non-invasive brachial arm cuff are sufficient to 
rule out orthostatic hypotension in the setting of 
a diagnosis of PoTS.

For a diagnosis of PoTS, orthostatic tachy-
cardia must be accompanied by a history of con-
sistent orthostatic symptoms in daily life, which 
lessen with recumbence. Orthostatic symptoms 
often occur during an orthostatic test, and can be 
measured at the end of orthostasis using a symp-
tom scale such as the Vanderbilt Orthostatic 
Symptom Score (VOSS) [3]. This scale rates 
nine common orthostatic symptoms from a scale 
of 0–10. The presence of orthostatic symptoms 
during the clinical exam is not necessary for a 
PoTS diagnosis.

The HR increment of 30 bpm that is the key 
diagnostic sign for PoTS is typically calculated rel-
ative to the baseline, pre-orthostasis supine period. 
However, Roma et al. have argued that the pre-
test HR may not reflect the participants’ true rest-
ing HR, due to pre-test anxiety [4]. They propose 
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General Considerations

Diurnal Variability: Orthostatic heart rate 
changes and baroreflex sensitivity fluctuate 
throughout the day [13]. Orthostatic tachycar-
dia has been shown to be worse in PoTS patients 
in the morning than later in the day [14]. 
Symptoms of orthostatic intolerance are also 
more often experienced during morning testing 
versus later in the day [15]. Therefore, consid-
eration into timing should be given when inter-
preting results of the AST and HUT. Patients 
should be tested in the morning when they are 
likely to have a more pronounced orthostatic 
heart rate increase, and may be more likely to 
demonstrate associated symptoms. Afternoon 
tests that are borderline for PoTS may be 
repeated in the morning.

Influence of Menstrual Cycle: Phase of 
the menstrual cycle during testing may affect 
the patient’s results. Worsening orthostatic 
intolerance is associated with the early folli-
cular or luteal (premenstrual) phases [1, 16–18]. 
Menstrual cycle phase should be recorded, and 
repeat testing should be considered in patients 
who are suspicious for PoTS, but do not have a 
positive testing result.

Medications: Drugs that affect heart rate, 
sympathetic nervous activity, or blood volume 
should be withheld prior to the orthostatic test.

Pediatric Considerations: The AST for the 
diagnosis of PoTS has not been validated in a 
pediatric population [19]. A 10 minute HUT is 
considered the standard diagnostic tool [19]. As 
orthostatic tachycardia in more common in chil-
dren than adults, pediatric patients should dem-
onstrate an orthostatic HR increase of ≥40BPM 
in addition to symptoms of orthostatic intoler-
ance for a diagnosis of PoTS. As well, symp-
toms of orthostatic intolerance may not occur 
during HUT. A study of 22 pediatric patients, 
found that 7 did not experience symptoms on 
HUT, despite being diagnosed with PoTS [20].

Additional Considerations: Patients should 
be tested in a fasted state or at least 2 hours 
postprandial to avoid acute fluid shifts and 
vasodilation that can occur in response to eat-
ing and cause postprandial hypotension [21]. 

that two minutes of supine recovery from orthos-
tasis should also be considered when assessing the 
patients’ maximum HR increment. The addition of 
this period increased the number of PoTS patients 
reaching diagnostic threshold by 10–30%, how-
ever the impact on specificity is unknown.

As the diagnostic criterion for PoTS is ortho-
static tachycardia within 10 minutes of orthosta-
sis from a supine posture, the optimal duration 
for the orthostatic test is 10–11 minutes [5]. This 
allows the patient to be evaluated for orthostatic 
tachycardia within the timeframe for PoTS diag-
nosis. Although orthostatic tachycardia before 
10 minutes can occur, an abbreviated test could 
miss the requisite orthostatic tachycardia in 
some patients [6, 7]. Conversely, longer tests 
may allow for detection of some PoTS patients 
(so-called “late PoTS [8]”), but reduces specific-
ity significantly (20% for HUT, 53% for AST).

Patients should be instructed to not move or 
voluntarily contract their leg muscles throughout 
the duration of the test in order to limit the con-
tribution of the skeletal muscle pump to venous 
return [4]. Prior to orthostasis, the patient should 
lie supine for at least 5 minutes to allow heart 
rate and blood pressure to stabilize [9]. During 
HUT, the tilt table should be raised from supine 
to at least 60° [9] in one movement, and not in 
incremental angles over a certain time period. 
Due to the passive nature of the HUT, patients 
may experience vasovagal syncope, despite no 
medical history of syncope.

Sustained orthostatic tachycardia with 
a ≥30BPM increase in the absence of a blood 
pressure decrease >20/10 mmHg confirms ortho-
static tachycardia [10]. The addition of chronic 
orthostatic symptoms (≥3 months) confirms 
PoTS. It is expected that heart rate will increase 
upon initial active standing due to unloading of the 
baroreceptors, and brief initial orthostatic hypoten-
sion (reduction in blood pressure >40/20 mmHg 
immediately upon standing) may also be present 
[11]. If the HR increases transiently in response 
to the initial BP decrease, and then returns to 
baseline levels in the following minutes of tilt, a 
diagnosis of PoTS is not be appropriate. The AST 
shows a greater initial blood pressure decrease, 
and HR increase than HUT [12].
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Patients should refrain from alcohol for 24 hours 
prior to the test to avoid its diuretic effects, and 
the consequential reduction in plasma volume. 
The testing room should be kept at a comfort-
able temperature (20–22 °C) to mitigate the 
 well-known effects of heat stress on exacerbat-
ing orthostatic intolerance [22]. Lastly, excita-
tory stimuli (bright lights, loud noises) should 
be minimized since they can directly alter blood 
pressure and heart rate.

Advantages and Disadvantages 
of Active Stand Testing and the Head 
up Tilt Test

Both AST and HUT present various advantages 
and disadvantages in the clinical diagnosis of 
PoTS. In the Heart Rhythm Society 2015 con-
sensus statement on the diagnosis and man-
agement of PoTS, AST was rated as a class I 
diagnostic recommendation, and HUT as a class 
IIb recommendation [10]. AST is convenient, 
cost-effective and can be performed in the pri-
mary care physician office. The AST can there-
fore help to make a diagnosis of PoTS without 
the need for specialist referral or a specialized 
testing centre, which could lead to a delay in 
diagnosis and treatment. Passive standing test-
ing may be utilized in patients unable to stand 
unsupported, as the patient stands against a 
wall [4]. Active standing mimics standing in 
everyday life, which may help to recreate spe-
cific symptomology or experiences for diagnos-
tic purposes [5]. However, it may be difficult 
to standardize this testing, as muscle tensing is 
more difficult to control.

Orthostasis with HUT allows evaluation over 
a longer duration of time than AST [10], and 
elicits higher heart rates than AST [23]. The 
HUT is useful in situations where the patient 
is unable to stand, or has a high fall risk or risk 
of syncope. However, HUT requires expensive, 
specialized equipment and the test may not be 
covered by insurance. Both HUT and AST may 
provoke orthostatic tachycardia in patients who 
do not have PoTS [7], which must be carefully 
considered in making a diagnosis (Fig. 1).

Conclusion

Should one type of test be selected over the 
other for the diagnosis of PoTS? Different 
physiological findings may be evident in AST 
versus HUT, due to the role of the skeletal mus-
cle pump [23]. A study of PoTS patients and 
healthy controls found a significantly higher 
orthostatic heart rate increase on HUT versus 
AST [23]. In this study, HUT and AST had simi-
lar sensitivities (93% and 87%, respectively), 
but specificity was lower for HUT (40% vs. 
67% for AST). A different study of patients with 
orthostatic intolerance as well as healthy con-
trols found similar HR measurements between 
AST and HUT [2]. Reflex tachycardia specific 
to initial orthostatic hypotension may be greater 
in the initial minutes of AST, compared to HUT, 
and this should be considered in the evaluation 
of early AST HR responses [12]. A summary 
of the comparisons between AST and HUT are 
found in Table 1.

Overall, the AST should be used as a first 
line tool in the diagnostic assessment of PoTS. 
Referral to a specialist centre with HUT and 
other autonomic testing may be considered if the 
patient does not experience symptom improve-
ment with initial treatment [10], is limited in 
their ability to complete the AST, or another 

Fig. 1  The cardiac response to head-up tilt (HUT) and 
active stand test (AST) in patients with postural tachy-
cardia syndrome (PoTS) and healthy controls. Note that 
the heart rate response to HUT is larger for both PoTS 
patients and healthy controls. The dashed horizontal 
line is the 30 bpm ΔHR criterion currently in use for 
the diagnosis of PoTS. Figure recreated with permission 
from [23]
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diagnosis requiring prolonged passive standing 
for diagnosis (e.g. delayed orthostatic hypoten-
sion or vasovagal syncope) is being considered.
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Additional Autonomic 
Tests

Peter Oketa-Onyut Julu and Melvin D. Lobo

Introduction

The physiology of postural tachycardia syn-
drome or PoTS is complex and is poorly under-
stood. The magnitude of tachycardia depends on 
natural and normal compensatory requirement in 
response to orthostatic challenges. Other contri-
butions come from the inotropic function of the 
heart, windkessel vascular resistance and venous 
vascular capacitance. It would be desirable to 
quantify all of these four contributions dur-
ing clinical investigation of PoTS. Laboratory 
standardised surrogate measures of all the four 
cardiovascular compensatory factors and their 
autonomic controls are now available. Some are 
described here as autonomic target-organs neu-
rophysiological tests and may be offered as an 
adjunct to active stand/tilt testing in some cen-
tres in order to better define PoTS phenotypes/
subgroups. In addition, other forms of auto-
nomic testing as undertaken in the National 
Hospital for Neurology & Neurosurgery tertiary 

centre are also described in chapter “A Tertiary 
Referral Centre for PoTS: The Autonomic Unit 
at the National Hospital for Neurology and 
Neurosurgery Experience”.

Autonomic Target-Organs 
Neurophysiological Tests (ATONT)

Definition of Autonomic Failure

The phrase “Autonomic Failure” when used as 
a clinical term means the inability of the auto-
nomic nervous system to execute co-ordinated 
and standardised autonomic tasks that have been 
identified and validated for clinical examinations 
of the system. The autonomic tasks are set up in 
the form of special manoeuvres recommended 
for clinical tests of autonomic function by an 
International Committee in a consensus state-
ment of San Antonio [1]. Diagnosis of autonomic 
failure cannot be based on a single abnormal 
test parameter because the autonomic nervous 
system either influences or controls the func-
tions of all the organs in the body. It requires a 
set of carefully designed clinical manoeuvres 
aimed to examine functions of specific target-
organs in order to draw conclusions whether or 
not such target-organs have normal functions. We 
have designed and validated multiple parameters 
described below. Some of these are derived from 
the internationally recommended manoeuvres 
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of the heart regulated by the vagus nerve. It is 
measured continuously on a beat-to-beat basis as 
‘pulse-synchronised phase shifts in consecutive 
cardiac cycles’ using the NeuroScope (Medifit 
Instruments Ltd, London, UK) in a quiet room 
at controlled room temperature of 21 ± 1 °C. It 
is essentially a form of jitter that is quantified 
continuously from the electrocardiogram (ECG) 
using a circuit of electronic integrators and a 
phase detector to convert the pulse interval jit-
ters into voltages [2], which are then calibrated 
into units of the atropine-derived linear vagal 
scale (LVS) [3]. The least value in the units of 
LVS is zero, equivalent to full atropinisation of 
human subjects [3]. The LVS is therefore a vali-
dated clinical unit of cardiac vagal tone with an 
absolute zero reference point. The frequency 
distribution of CVT measured in units of LVS 
in our laboratory control population is approxi-
mately Gaussian (Fig. 1).

mentioned above and some are improvements 
of the recommendations, but we have designed 
some entirely in our laboratory to diagnose and 
characterise autonomic failures according to the 
specific target-organs we intend to examine. We 
would report a failure or dysfunction of a target-
organ if its function lies outside the range of 
our normal values. Our laboratory standards are 
based on 250 healthy subjects aged between 13 
and 79 years.

Assessment of Central Parasympathetic 
Function

Resting Supine Cardiac Vagal Tone 
(CVT)

This is a measure of the central parasympa-
thetic restraint of the chronotropic function 

Fig. 1  A frequency distribution plot of the observed values of cardiac vagal tone (CVT) measured in units of a linear 
vagal scale (LVS) at rest in supine position in the laboratory control population (n = 250, see text for details). The 
theoretical statistical Gaussian distribution with the same population mean and standard deviation is superimposed in 
this plot. Chi squared test showed a normal distribution of CVT in our laboratory control population. The laboratory 
normal range of resting supine values of CVT is indicated in the plot together with the 95% confidence interval of 
baseline CVT values in a sample population used in the study of the effects of progressive orthostatic stress on auto-
nomic regulation of the cardiovascular system (see text for details)
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Respiratory Gating of Cardiac Vagal Tone 
(CVT) in Supine Position
The central parasympathetic tone, with inher-
ent cardiac pulse and response to voluntary 
changes in breathing rhythms, is also known as 
cardiac vagal tone and it is generated by cardiac 
vagal premotor neurons (cVPN) in the nucleus 
ambiguus (NA) in the brainstem. The magni-
tude of respiratory gating of CVT at the level 
of cVPN in NA can be quantified and used to 
assess the integrity of cardiorespiratory neurons 
within the brainstem. This is a central cardiores-
piratory cholinergic function of the brainstem at 
the level of cVPN [4]. Lying in supine position, 
the subject is asked to take a deep breath within 
4 s and to breathe out forcefully to reach up to 
expiratory reserve volume within 6 s and repeat-
ing the exercise six times while CVT is being 
measured continuously using the NeuroScope 
(Medifit Instruments Ltd, London, UK) in a 
quiet room with controlled room temperature as 
above. Deep breathing at 0.1 Hz should increase 
CVT from baseline by values ranging between 5 
and 15 LVS units and should show clear mod-
ulations in the continuous CVT record at the 
same frequency (Our laboratory standard).

Resting Supine Cardiac Sensitivity 
to Baroreflex (CSB)
This is a measure of the beat-to-beat baroreflex 
central sympathetic restraint exerted directly 
within the brainstem. It is a measure of the well 
known baroreflex restraint of sympathetic activ-
ity, mainly the vasomotor tone in the RVLM, 
which is coming through the NTS [5, 6]. The 
resting supine CSB is measured using the 
NeuroScope (MediFit Instruments Ltd, London) 
as previously described in a quiet room at con-
trolled room temperature as described above 
[7]. The index is defined as the increase in pulse 
interval per unit increase in systolic pressure and 
it is measured in units of ms mmHg−1. It is a 
beat-to-beat baroreflex negative feedback con-
trol of arterial blood pressure. The least value of 
CSB is zero representing no negative feedback 
cardiovascular control at all. The normal range 
in our laboratory population is between 6 and 
12 ms mmHg−1. The 95% confidence interval 

in the population sample used in a progressive 
orthostatic stress study described by Julu et al. 
[7] is between 5 and 11 ms mmHg−1 similar to 
our laboratory normal range given above. The 
method allows the detection of rapid changes in 
CSB within a continuous measurement, which 
represents real-time engagements and disen-
gagements of the baroreflex negative feedback 
cardiovascular control. Disengagement of nega-
tive feedback cardiovascular control indicates 
cardiovascular arousal in preparation to immi-
nent changes in either blood pressure alone, or 
heart rate alone, or both heart rate and blood 
pressure at the same time.

Assessment of Central Baroreflex Gain
We use the isometric contraction of the skeletal 
muscles of the dominant hand during a sustained 
handgrip at 50% of the maximum sustain-
able force measured in Newton (N) for a target 
duration of three minutes to reduce and keep 
the baroreflex negative feedback cardiovascu-
lar restraint to its lowest level. Withdrawal of 
the baroreflex negative feedback control meas-
ured as CSB in the upright-seated position is 
achieved within one minute of sustained hand-
grip and stays at its least level for the remain-
ing duration of the handgrip. This is confirmed 
visually on the computer screen during the test 
procedure. Since CSB is at its lowest level, the 
gradients of the concurrent rise in heart rate 
and arterial blood pressure during the second 
and third minute of sustained handgrip is regu-
lated by the supramedullary central autonomic 
regulation sites (CARS). The CARS sites in the 
periorbital frontal lobes are the dominant bilat-
eral supramedullary sites during the restraints of 
both heart rate and arterial blood pressure during 
isometric contraction of skeletal muscles. The 
gradient of concurrent changes in heart rate and 
arterial blood pressure is a measure of barore-
flex gain and in this case it is a supramedullary 
central gain. We define this central baroreflex 
gain (BRR) as the absolute value of the ratio 
ΔR-R/ΔSBP, where ΔR-R is the change in the 
electrocardiographic (ECG) R-R interval, asso-
ciated and concurrent with ΔSBP, the change 
in systolic BP, from baseline to the respective 
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Assessment of Peripheral Baroreflex 
Function

Mechanical Digital Massage of the 
Carotid Sinus

Carotid massage using digital pressure applied 
on the carotid sinus in a resting supine posi-
tion at the rate of the subject's heartbeats for the 
duration of 15 s should cause an increase in the 
CVT by a range between 5 and 20 LVS units 
in the age group 15–79 years (Our laboratory 
standard). This is described as a standardised 
clinical measure of cardiodepressor response of 

levels at the end of three minutes of sustained 
handgrip. The central baroreflex gain can be pre-
dicted from the equation BRR = 2.42 × 10(3 h−5) 
ms mmH−1 [8], where h is the subject's height 
in metres, or predicted in terms of the natu-
ral number ‘e’ where BRR = 6.35 × 10(eh−5) 
ms mmHg−1 [8]. The observed value from the 
ratio ΔR-R/ΔSBP should be within 50% of the 
predicted value in the age group 15–79 years 
(Our laboratory standard). The ECG R-R inter-
vals, CSB and the arterial blood pressure are 
monitored and measured continuously using the 
NeuroScope (Fig. 2) during this assessment of 
the central baroreflex gain.

Fig. 2  A schematic representation of non-invasive continuous streams of biometrics obtained from the human body 
by the NeuroScope during the assessment of autonomic functions. Continuous electrocardiogram (ECG) is recorded 
using three chest-electrodes in a modified Einthoven’s triangle, but configured within the NeuroScope as Einthoven's 
ECG lead II. Continuous stream of breathing movements is recorded using respiration impedance plethysmography 
(RIP), which is coupled within the NeuroScope to facilitate the discrimination and identification of apneusis, apnoea, 
Valsalva's manoeuvres and other respiratory dysrrhythmias. The respiration plethysmogram belt is applied around 
the chest at the xiphisternal level to capture both thoracic and upper abdominal movements. Transcutaneous blood 
gases are recorded continuously during autonomic assessment using the dual oxygen and carbon dioxide electrode 
(Radiometer, Copenhagen). The transcutaneous blood gases electrode measures tension of gases in tissues, not gas 
tension in the bloodstream. The tension of gases in the tissues correlates with local capillary blood flow, tissue metab-
olism and temperature, all of which are influenced by the autonomic nervous system and form part of autonomic func-
tions. Tissue temperature in the surrounding of the transcutaneous blood gases sensor is kept constant using a heating 
element within the sensor. In our practice, the sensor is placed sub-costal in the mid clavicular line close to the liver 
where it is relatively warmer than other peripheral sites. Continuous stream of arterial blood pressure waveform is 
recorded from the finger using photoplethysmography and Penáz’s principle of arterial pressure unloading through 
volume-clamp (Finapres Medical Systems, Enschede the Netherlands). All biometrics are synchronised to the nearest 
millisecond, date and time-stamped before they are used to derive cardiovascular and autonomic parameters using the 
VaguSoft software (Medifit Instruments Ltd, London)
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Assessment of Sympathetic Control 
of Cardioaccelerator Function

We use the isometric contraction of the skeletal 
muscles of the dominant hand during a sustained 
handgrip at 50% of the maximum sustainable 
force measured in Newton (N) for the duration 
of three minutes to reduce and keep the barore-
flex negative feedback cardiovascular restraint 
and the central parasympathetic tone to their 
lowest levels. Withdrawals of both the baroreflex 
negative feedback control measured as CSB and 
the central parasympathetic activity measured as 
CVT in an upright-seated position are achieved 
within one minute of sustained handgrip and 
they stay at the least levels for the remaining 
duration of the handgrip. This is visually con-
firmed from the computer screen during the test 
procedure. We interpret the results to mean that 
the continual increase in heart rate during the 
second and third minute of sustained handgrip 
represents the central sympathetic drive of car-
dioaccelerator function with minimal parasym-
pathetic restraint. The heart rate should increase 
above the resting pre-exercise value by 22–45% 
at the end of three minutes of sustained handgrip 
in subjects aged 15–79 years (Our laboratory 
standard). Beat-to-beat heart rate, the arterial 
blood pressures; SBP, DBP and MAP, including 
the parasympathetic restraints; CSB and CVT 
are monitored and measured continuously using 
the NeuroScope during this test (Fig. 2).

Assessment of Sympathetic Vasomotor 
Control of Windkessel Vascular 
Resistance

We use the isometric contraction of the skel-
etal muscles of the dominant hand during a 
sustained handgrip at 50% of the maximum sus-
tainable force measured in Newton (N) for the 
duration of three minutes to reduce and keep 

peripheral baroreflex. The same carotid massage 
should cause a drop in systolic arterial blood 
pressure by not more than 30 mmHg (Our lab-
oratory standard). This is a standardised clini-
cal measure of the vasodepressor function of 
peripheral baroreflex. The CVT and the arterial 
blood pressure are monitored and measured con-
tinuously using the NeuroScope (Fig. 2) during 
this assessment of the baroreflex function.

Pharmacological Peripheral Baroreceptor 
Excitation
Intravenous injection of phenylephrine or other 
α1-adrenergic vasoactive drugs in a resting 
supine position should cause a concurrent rise in 
both blood pressure and ECG R-R intervals and 
the two should be statistically associated with a 
gradient of R-R intervals rise per systolic blood 
pressure rise between 5 and 12 ms mmHg−1 
(similar to the normal range of the resting supine 
CSB described above) and a correlation coeffi-
cient greater than 0.9 (Our laboratory standard). 
The ECG R-R intervals and the arterial blood 
pressure are monitored and measured continu-
ously using the NeuroScope (Fig. 2) during this 
assessment of peripheral baroreflex function.

Assessment of Sympathetic 
α1-Adrenergic Denervation 
Hypersensitivity

A small intravenous bolus dose of 25 μg of phe-
nylephrine is used to test for denervation hyper-
sensitivity of sympathetic α1-adrenergic nerves. 
This will cause systolic blood pressure rise 
of more than 15 mmHg in denervation hyper-
sensitivity (Our laboratory standard). All the 
arterial blood pressures; SBP, DBP and MAP, 
including the parasympathetic restraints; CSB 
and CVT and the heart rate are monitored and 
measured continuously during this test using the 
NeuroScope (Fig. 2).
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Assessment of Sympathetic Control 
of Venous Vascular Capacitance in the 
Splanchnic Region

We use a positive intra-thoracic pressure 
of 40 mmHg lasting 15 s during Valsalva’s 
manoeuvre to suddenly reduce venous return 
to the heart and provoke an auto-transfusion 
response [13]. The auto-transfusion is caused by 
a neurogenic constriction of vessels and organs 
in the splanchnic region. In order to optimise the 
assessment of venous return from the splanch-
nic region, the Valsalva’s manoeuvre is per-
formed in the upright-seated position with the 
subject stooping forwards so that the inguinal 
ligaments compresses the iliac veins to eliminate 
most of the venous return from the lower limbs. 
Before the auto-transfusion response, arterial 
blood pressure increases suddenly in a Phase 
I response, then it starts to fall rapidly due to 
lack of venous return in the early part of Phase 
IIe. The trough of SBP in Phase IIe should 
be within 25 mmHg from the pre-manoeuvre 
baseline level to indicate adequate and normal 
venous return during the positive intra-thoracic 
pressure (Our laboratory standard). Phase IIe 
is arrested at the beginning of the auto-transfu-
sion response, which starts to restore arterial 
blood pressure back towards the pre-manoeuvre 
level during the positive intra-thoracic pressure 
in the late Phase IIi. This should end with SBP 
at or not more than 15 mmHg above the pre-
manoeuvre baseline level to indicate adequate 
auto-transfusion response (Our laboratory stand-
ard). Abrupt end of the positive intra-thoracic 
pressure of Valsalva's manoeuvre reverses the 
pressure from positive to negative intra-thoracic 
creating a suction effect in Phase III, which 
decreases the arterial blood pressure suddenly 
and the SBP at the trough of Phase III should 
be within 25 mmHg from the pre-manoeuvre 
baseline level to indicate sufficient venous 
blood volume during negative intra-thoracic 
suction following the auto-transfusion response 

the baroreflex negative feedback cardiovascu-
lar restraint and the central parasympathetic 
tone to their lowest levels. Withdrawals of both 
the baroreflex negative feedback control meas-
ured as CSB and the central parasympathetic 
activity measured as CVT in an upright-seated 
position are achieved within one minute of sus-
tained handgrip and they stay at the least lev-
els for the remaining duration of the handgrip. 
This is confirmed visually from the computer 
screen during the test procedure. We expect 
the continual increase in diastolic blood pres-
sure (DBP) during the second and third minute 
of sustained handgrip to represent the central 
sympathetic vasomotor drive of the windkessel 
vascular resistance with minimal parasympa-
thetic restraint. We use the rising DBP during 
sustained handgrip as a surrogate of increasing 
central sympathetic vasomotor drive to wind-
kessel vascular resistance because DBP has a 
linear relationship with MSNA during this pro-
cedure [9]. Diastolic arterial blood pressure is 
a function of the windkessel vascular resistance 
[10]. The skeletal muscle vascular bed provides 
most of the windkessel vascular resistance dur-
ing muscle contraction because the sympa-
thetic drive to skin is significantly inhibited 
and sympathetic drive to the splanchnic vascu-
lar bed is mainly used to regulate venous vas-
cular capacitance [11] out of the three major 
vascular beds used for arterial blood pressure 
control. The diastolic blood pressure should 
increase above the resting pre-exercise level by 
no less than 15 mmHg in all adults [12]. Our 
laboratory range for the age range 15–79 years 
is an increase above the pre-exercise level by 
18–46 mmHg at the end of three minutes of sus-
tained handgrip at 50% of the maximum sustain-
able force measured in Newton. All the arterial 
blood pressures; SBP, DBP and MAP, includ-
ing the residual parasympathetic restraints; CSB 
and CVT and the heart rate are monitored and 
measured continuously during this test using the 
NeuroScope (Fig. 2).
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Cardiovascular Red Flag 
Symptoms in PoTS

Szablocs Nagy and P. Boon Lim

Patients with PoTS can present with a vari-
ety of cardiovascular symptoms including 
 pre-syncope, syncope, palpitations, dizziness, 
shortness of breath or chest pain. It is important 
to consider and exclude important cardiovascu-
lar diagnoses before attributing these symptoms 
to PoTS. A list of these symptoms, including 
 red-flag features are provided below.

1. Syncope

Patients with PoTS may have coexisting vas-
ovagal syncope and this would be the most com-
mon cause of infrequent episodes of syncope in 
a patient with PoTS. Usually syncope will occur 
after a period of standing with typical symptoms 
of PoTS manifested prior to the syncopal event. 
The exuberant activation of the sympathetic 
nervous system often leads to the constellation 
of symptoms during the initial few minutes of 
standing, prior to the vasovagal reflex manifest-
ing with continued standing and the eventual loss 
of consciousness from vasovagal syncope.

However, patients with PoTS do not usu-
ally manifest syncope unless there are other trig-
gers such as standing for a prolonged duration, 
dehydration, being in a warm environment, etc. 

Therefore when syncope occurs frequently (every 
few days), an alternate diagnosis should be con-
sidered, including vasovagal syncope. If syn-
cope occurs very frequently (a few times a day), 
strongly consider a diagnosis of psychogenic 
pseudosyncope instead. In this scenario it is worth-
while revisiting the diagnosis of PoTS by taking 
a full clinical history, and consider performing an 
active stand test, or a tilt table test. Video mobile 
recordings from friends or family members can be 
extremely helpful, or inpatient video telemetry can 
be diagnostic for psychogenic pseudosyncope.

Syncope is considered a “red-flag” symp-
tom in the following circumstances and should 
always prompt further investigations. Syncope 
which is unheralded, syncope whilst supine and 
syncope during exercise should prompt further 
consideration of other diagnoses such as brady-
cardia, tachycardia, or structural or inherited 
heart disease such as hypertrophic cardiomyo-
pathy or Brugada. In these instances, a 12 lead 
ECG, prolonged cardiac monitoring (Holter, 
7 day event recorder or an implantable loop 
recorder), and imaging (echocardiogram, MRI) 
should be performed.

2. Palpitations

Palpitations are a common feature in PoTS 
patients. The robust activation of the sympa-
thetic nervous system with postural change usu-
ally leads to an immediate sinus tachycardia 
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3. Chest pain and shortness of breath

Chest pain and shortness of breath are common 
but ill-understood symptoms in PoTS. In these 
instances, the chest pain and shortness of breath 
usually manifests during periods of standing and 
is associated with the other symptoms of PoTS 
including palpitations, dizziness, and fatigue. 
One potential mechanism for this pain could be 
that with increasing sympathetic activation, the 
resulting increase in heart rate (chronotropy) 
and strength of contraction (inotropy) increases 
oxygen demand and causes a relative mismatch 
in supply and demand of cardiac oxygenation, 
resulting in chest pain. In these instances, any-
thing that relieves sympathetic activation (such 
as lying down, increasing fluid and salt intake, 
augmenting BP with medications if low) may 
help improve symptoms of chest pain and short-
ness of breath. This understanding of the chest 
pain profile may help avoid unnecessary tests 
including CT coronary angiograms, or exercise 
testing (which PoTS patients may not be able to 
tolerate) or other forms of stress testing.

Red flag symptoms include acute chest pain at 
rest, or shortness of breath at rest, particularly 
if unresolved on lying down. In these instances, 
exclude a pulmonary embolus or heart rhythm 
abnormality such as a supraventricular tachycar-
dia, by performing appropriate diagnostic testing 
such as ECG, prolonged ECG monitoring, echo-
cardiography, or CT pulmonary angiogram.

and causes the heart rate rise by >30 bpm or 
>120 bpm, which is maintained throughout the 
standing period. A key, but subtle point about 
this heart rate rise, is that in PoTS, this rise is 
maintained for the duration of standing, with the 
inability of the heart rate to “settle”. This dis-
tinction may only be seen with prolonged active 
standing for 10 minutes: in PoTS, the heart 
rate changes and symptoms will continue to 
manifest throughout the entirety of the standing 
period, but in vasovagal syncope or early ortho-
static intolerance with associated appropriate 
reactive sinus tachycardia, the initial heart rate 
rise (which may be associated with PoTS-like 
symptoms) may gradually reduce with symp-
tom improvement, even with prolonged stand-
ing. This subtle return to a normal heart rate and 
resolution of symptoms after 3–5 minutes of 
standing can usually help distinguish PoTS from 
vasovagal syncope.

Red-flag palpitations symptoms including 
palpitations which are sudden onset or off-
set, particularly if they occur without postural 
changes, or nocturnal palpitations which wake 
patients from sleep. In these instances an ECG, 
prolonged cardiac monitor (Holter, 7 day event 
recorder, implantable loop recorder) or an elec-
trophysiological study may need to be consid-
ered to rule out primary arrhythmic diagnoses 
including AV nodal re-entrant tachycardia, AV 
re-entrant tachycardia (Wolff-Parkinson-White 
Syndrome), atrial fibrillation, atrial flutter, atrial 
or ventricular ectopy, or inappropriate sinus 
tachycardia.
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Abbreviations

MS  Multiple sclerosis
IENFD  Intra-epidermal nerve fibre density
anti-ENA  anti-extractable nuclear antigen 

antibodies,
nAChR  Nicotinic acetylcholine receptor
ECG  Electrocardiogram
EEG  Electroencephalogram

Introduction

The main focus of this chapter is to discuss rela-
tively common neurological disorders that can 
be associated with PoTS and which red flags 
identified in history and examination should 
prompt further investigations and neurology 
review.

These neurological conditions are:

1. Multiple sclerosis
2. Peripheral neuropathies (autoimmune or 

small fibre neuropathy)

3. Epilepsy
4. Cognitive disorders
5. Headache

1. Multiple Sclerosis associated with PoTS

Multiple sclerosis (MS) is a chronic autoim-
mune demyelinating disorder that affects 2.5 
million people worldwide [1]. It typically pre-
sents between the ages of 15 and 45 years. 
Women are affected approximately two to 
three times more often than men [2]. Amongst 
all other symptoms, autonomic dysfunction is 
commonly seen and usually manifests as blad-
der dysfunction, sleep disturbances, sweating, 
gastrointestinal and cardiovascular disturbances 
[3, 4]. The prevalence of autonomic dysfunc-
tion can vary considerably from 7 to 60% and 
can affect both sympathetic and parasympathetic 
system [5–8].

The association of MS and PoTS can be 
divided into two types:

(i) Causal association as MS can cause auto-
nomic dysregulation.

The pathophysiological mechanism proposed 
in development of autonomic symptoms in MS 
is the disruption of the function of anatomical 
areas regulating the central autonomic system, 
including the insular cortex, anterior cingulate 
cortex, amygdala, hypothalamus, periaqueductal 
grey matter, parabrachial nucleus, nucleus of 
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physical activity are important consequences 
of MS, however, their mutual association is 
poorly understood. Rieteberg et al. suggested 
that fatigue does not seem to be related with 
the physical activity but it seems to represent 
instead a perception rather a physical tiredness 
following physical activity [16]. Drugs such 
as amantadine, affecting glutamatergic trans-
mission, and modafinil, affecting dopaminer-
gic transmission, have been used with variable 
effect as well as exercise regimes [20].

Red Flags

Therefore, when a patient presents with PoTS 
in clinic, it is important to ask for any typical 
symptoms of MS, such as previous history of 
visual symptoms, urinary symptoms, or other 
focal motor, sensory or coordination symptoms 
that lasted for a few days/weeks. On the other 
hand, it is important to ask patients with MS 
whether they experience any autonomic dysreg-
ulation symptoms and consider the diagnosis of 
PoTS depending on the symptoms. Concurrent 
MS and PoTS has an additive effect on morbid-
ity and disability of these conditions. It is there-
fore vital for these conditions to be recognised 
and treatment to be offered for both early on to 
improve quality of life and disease burden in 
disability.

2. Neuropathy and PoTS

Neuropathic PoTS has been reported to be pre-
sent in 33–50% of PoTS cases in tertiary cen-
tres [21, 22].

One of the pathophysiological mechanisms 
implicated in PoTS is the sympathetic denerva-
tion, particularly in the lower limbs, resulting 
in diminished capacity for venoconstriction [3, 
22, 23]. This leads to increased venous pool-
ing when standing and perpetuates a greater 
reduction in stroke volume. In neuropathic 
PoTS, 50% of cases have peripheral auto-
nomic denervation. In PoTS, there also seems 
to be a selective involvement of autonomic C 
fibres; autonomic C-fibre function is impaired 
in a peripheral and distal distribution, whereas 

the solitary tract, ventrolateral reticular forma-
tion of the medulla, and medullary raphe nuclei, 
or their interconnections and reflex pathways 
due to the presence of demyelinating plaques 
[9, 10]. In addition the plaques can interfere 
with the descending autonomic nervous system 
pathways during their course in the brainstem 
or spinal cord [8]. There is a significant asso-
ciation between presence of autonomic dysfunc-
tion and clinical and MRI evidence of brainstem 
lesions [8].

One study described clinical characteristics 
of nine patients with a dual diagnosis of MS and 
PoTS, emphasizing that MS patients may mani-
fest autonomic dysfunction by developing PoTS 
[11]. Another study looked at the frequency of 
PoTS in 112 patients with MS undergoing test-
ing for autonomic dysfunction evaluation com-
pared to 181 patients with orthostatic symptoms 
in the absence of any neurological disorder. 
PoTS was identified in 39 patients: 21(19%) 
in group 1 comparing to 18 (10%) in group 2, 
which suggested a close association of PoTS 
and MS [12]. The same authors in a later study 
identified the presence of PoTS as a predictor 
of conversion to MS in patients with clinically 
isolated syndrome, suggesting that PoTS seems 
to be associated with disease activity [13, 14]. In 
general, it has been suggested that parasympa-
thetic dysfunctions are consequences of the dis-
ease itself while sympathetic dysfunction could 
be a trigger of new relapses [5].

(ii) Sharing common phenotypes

Shared symptoms of MS and PoTS that are 
common in both conditions include orthos-
tatic intolerance, fatigue and anxiety [15, 16]. 
Orthostatic dizziness occurs in almost 50% of 
MS patients [8]. Up to 53% of patients report 
fatigue in MS and has a major impact of patient 
quality of life. The presence of fatigue is mul-
tifactorial and different underlying mechanism 
have been implicated, including autonomic 
dysregulation, although the exact mechanism 
remains unclear [17]. There seems to be no 
correlation between fatigue and disease sever-
ity [18, 19]. Although both fatigue and reduced 
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somatic C fibres are spared. This involvement 
pattern differs to the one seen in idiopathic 
autonomic neuropathy cases where a combined 
and selective distal and generalized autonomic 
C-fibre impairment has been observed [24].

Skin biopsy findings were compared in neu-
ropathic versus non neuropathic cases of PoTS. 
Intra-epidermal nerve fibre density (IENFD) 
was calculated for each biopsy and as expected 
subjects with neuropathic PoTS (per definition) 
had lower IENFD than the non-neuropathic 
PoTS group and controls, without however the 
patients reporting any small fibre neuropathy 
symptoms [23].

Therefore although patients may not present 
with the typical small fibre neuropathic pres-
entation such as painful and length dependant 
neuropathy, a detailed history to exclude symp-
toms for other system involvement, such as 
weight loss, joint pain, dry skins and dry eyes, 
and neurological examination to guide investiga-
tions for secondary causes should be performed. 
These may include neuronal antibodies for para-
neoplastic neuropathies, serum electrophoresis, 
thyroid function tests, full blood count, urea and 
electrolytes, HbA1c, infective causes including 
Hepatitis and HIV, immune causes including 
antinuclear antibodies, anti-extractable nuclear 
antigen antibodies (anti-ENA) including anti-
SSA (anti-Ro 52/60) and anti-SSB  (anti-La), 
serum cryoglobulin detection and immuno-
chemical typing, rheumatoid factor, serum 
immunoglobulins (IgG, IgA, IgM), and vitamin 
deficiencies (vitamin B12 and folate).

Rare forms of autoimmune neuropathies can 
also be associated with PoTS. One rare form of 
dysautonomia is autoimmune autonomic gangli-
onopathy (AAG) where antibodies against the 
ganglionic anti-nicotinic acetylcholine receptor 
(nAChR) impair transmission in autonomic gan-
glia causing a variety of autonomic dysregula-
tion symptoms [25]. Antibodies against nAChR 
was reported in 15% of adult PoTS patients 
evaluated at the Mayo Clinic between 1993 and 
2003 [22].

If there are symptoms suggestive of periph-
eral neuropathy, a careful neurological exami-
nation, neurophysiology investigations and 

referral to neurology should be prompted to 
guide towards the appropriate diagnosis and 
management.

3. Epilepsy associated with cardiac 
arrhythmias

Epilepsy is one of the commonest neurologi-
cal disorders globally as more than 50 million 
people worldwide have a diagnosis of epilepsy. 
Epilepsy includes a variety of clinical presenta-
tions and syndromes. Autonomic involvement 
due to seizures was already reported in the 1950s 
[26]. Cardiac arrhythmias as part of autonomic 
involvement in seizures, have been reported to 
occur before (pre-ictal), during (ictal) and imme-
diately after (postictal) a seizure. The cardiac 
arrhythmias are thought to represent a direct 
effect of seizure activity on the autonomic cen-
tral system, including its sympathetic, parasym-
pathetic and enteric components. Anatomic areas 
of the brain that play an important role in the 
central autonomic system include insular cortex, 
anterior cingulate cortex, amygdala, hypothala-
mus, periaqueductal grey matter, parabrachial 
nucleus, nucleus of the solitary tract, ventrolat-
eral reticular formation of the medulla, and med-
ullary raphe nuclei [9, 10]. If the seizure onset 
zone or the seizure propagation pathway involves 
any of these anatomic structures or their connec-
tions then autonomic symptoms can develop by 
dysregulation of the central autonomic network. 
If the anatomic areas of sympathetic regulation 
are excited as part of seizure propagation, then 
increased sympathetic outflows will have an 
impact on autonomic function, whereas if corti-
cal areas responsible for depressor responses, 
such as the insula, are affected, this can manifest 
as parasympathetic associated symptoms.

This effect of seizures on the autonomic 
central system regulation has been given an 
important emphasis in the new operational clas-
sification of Epilepsy and seizures as the term 
“focal autonomic seizures” has been coined for 
the first time to describe these clinical mani-
festations. As described in the new operational 
seizure classification, “focal autonomic seizures 
can present with gastrointestinal sensations, 
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Epilepsy Localisation/Lateralisation 
and Tachy-Arrhythmias

Ictal tachycardia seems to be seen with a tem-
poral lobe epileptic focus rather than in cases 
where the epilepsy focus is extra-temporal lobe 
epilepsy [33, 34]. Furthermore, it seems to pre-
sent earlier when the hippocampal formation is 
involved rather that extra hippocampal areas of 
the temporal lobe [29]. A possible explanation 
why the temporal lobe epileptic focus seems to 
be more implicated with sinus tachycardia, is the 
anatomic proximity, especially of the hippocam-
pus and the mesial temporal lobe, and relation 
of temporal lobe with cortical areas and neural 
circuits involved in sympathetic cardiovascular 
regulation [35].

Whether the lateralisation of the epileptic 
focus to the right or left can predict the occur-
rence of ictal tachycardia remains unclear. It has 
been speculated that seizures arising from the 
non-dominant hemisphere may have a stronger 
association with tachycardia [35–38] and this 
was supported by a study where stimulation of 
the left non-dominant insula, an area predomi-
nantly responsible for parasympathetic effects, 
caused bradycardia [36, 39, 40]. However, most 
studies produced inconsistent results and there-
fore a clear association of right or non-dominant 
hemisphere with tachycardia is not supported by 
most of the current literature [33, 34].

Seizure Type and Tachy-Arrhythmias

Eggleston et al. in their review of 34 articles 
reported ictal sinus tachycardia in 12% of subclin-
ical seizures, 71% of focal onset seizures, 64% 
of generalized seizures and 76% of mixed sei-
zure types [33]. Surges et al. in their study of 25 
patients undergoing surgical evaluation for tem-
poral lobe epilepsy, reported a significantly higher 
ictal heart rate and persistent postictal tachycar-
dia in focal to bilateral tonic clonic compared to 
focal-only seizures [41]. However, the systematic 
review and metanalysis conducted by Bruno et al. 
concluded that the effects of seizure type remains 
unclear [34]. In the same systematic review and 
metanalysis conducted by Bruno et al. [34] the 

a sense of heat or cold, flushing, piloerection 
(goose bumps), palpitations, sexual arousal, res-
piratory changes, or other autonomic effects” 
[27]. They can represent the only seizure mani-
festation and may not be associated with other 
motor or behavioural signs and symptoms. If 
there are motor or behavioural manifestations 
following or at the same time as the autonomic 
symptoms, then the seizure would be classified 
according to the other predominant symptoms 
and not as a pure autonomic seizure.

Therefore, when a patient is assessed for 
symptomatic tachycardic symptoms, it is impor-
tant to keep in mind the cardiac arrhythmias 
associated with seizures to make an appropriate 
differential diagnosis.

The cardiac arrhythmias associated 
with seizure activity can be divided into 
 tachy-arrhythmias, most commonly sinus tach-
yarrhythmias, and bradyarrhythmias.

Tachyarrhythmias

Tachyarrhythmias can present as a pre-ictal, ictal 
and postictal phenomenon as already described. 
Their temporal association to seizures may have 
a localising or lateralising value, and could be of 
important potential diagnostic value, although 
further studies are needed to clarify these associ-
ations. It may be challenging to clarify the exact 
temporal association, as in some cases when 
intracranial recordings have been used, changes 
on the electroencephalogram (EEG) preceded 
changes in the electrocardiogram (ECG), but 
in other studies where scalp EEG was used, the 
ECG changes may precede the EEG or clinical 
manifestation of seizures [28, 29].

Ictal sinus tachycardia is the most frequently 
seen cardiac arrhythmia during an epileptic sei-
zure [30]. It can be seen both in adults and in 
children [31, 32]. It has been reported to be pre-
sent in up to 82% of seizures, and can be seen 
with all seizure types, focal, generalised, or 
focal to bilateral [33].

Ictal tachycardia may or may not be sympto-
matic and the patient may complain of palpita-
tions, but it does not seem to be associated with 
syncope as can be seen in PoTS.
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the events. Ask to describe the sequence of the 
events in detail, whether there are any triggers, 
or what can relieve the symptoms. PoTS symp-
toms typically occur when standing up from a 
reclining position and are relieved by sitting or 
lying back down. A seizure on the other hand 
can occur in any position. Enquire as to whether 
there was any loss of consciousness or altered 
awareness. Ask if there were any abnormal sen-
sations such as feelings of “deja-vu” or altered 
awareness as, in temporal lobe epilepsy, these 
have been frequently implicated as localising 
features for autonomic seizures.

It may be worth exploring whether there are 
any risk factors for epilepsy such as a history 
of febrile convulsions, traumatic brain injury, 
central nervous system infections such as men-
ingitis or encephalitis, developmental delays, or 
family history of epilepsy.

Neurological examination is always useful 
because, if any abnormalities are identified that 
could be localising/lateralising to a specific part 
of the brain, this will need further assessment 
with imaging and, if seizure is suspected, an EEG.

A case of a 20 year old patient has been 
reported where there was comorbid PoTS and 
right temporal lobe epilepsy [49]. Therefore, it 
is important to recognise the two syndromes can 
co-exist and require different effective treatment 
that involves different medications and/or other 
therapeutic modalities.

4. Cognitive issues associated with PoTS

Cognitive symptoms are very common amongst 
patients with PoTS and have been reported by 
77–96% of PoTS patients and are experienced 
by 67% on a daily basis [50].

Although patients give a vague picture of the 
cognitive symptoms they experience, mainly 
adapting the terms of “brain fog”, “mental slow-
ing” or “cognitive fatigue” to describe them, 
specific patterns of cognitive dysfunction in 
PoTS have been reported. These are typically 
characterized by specific deficits in working 
memory, [51] selective attention [52, 53], cog-
nitive processing speed, and executive function 
[54]. In contrast, other measures of cognitive 

authors also concluded that “pre-ictal heart rate 
increase seemed to occur many seconds prior to 
the apparent seizure onset and more frequently in 
specific groups of patients with epilepsy, namely 
temporal lobe epilepsy adults and patients on 
antiepileptic medications” [34].

Cardiac Brady-Arrhythmias

Patients can also develop bradyarrhythmias 
including asystole. The prevalence has been 
reported between 1.3 and 5.5% [31, 32, 42] and 
can range from mild bradycardia with no associ-
ated symptoms, to more severe cases of symp-
tomatic bradyarrhythmias including prolonged 
periods of asystole. The localisation seems to be 
in the majority of cases of temporal origin [43]. 
As with tachycardia, whether lateralisation of 
the seizure onset, right of left, is more likely to 
cause ictal bradyarrhythmia, the question remains 
unanswered within the current literature. When it 
comes to cases with post-ictal asystole these seem 
to be associated with focal to bilateral seizures 
and in the majority of cases reported there seem 
to be postictal generalised suppression on EEG.

Other Cardiac Arrhythmias

Atrial flutter/fibrillation, ventricular fibrilla-
tion in patients with epilepsy have also been 
described in the literature. These cases are usu-
ally associated with underlying cardiac pathol-
ogy or other risk factors, including the degree 
of hypoxemia due to seizure, that serves as a 
substrate for the development of cardiac arrhyth-
mias in a temporal association with seizures 
[44–48].

Red Flags

Epilepsy, especially of temporal lobe onset, can 
cause autonomic dysregulations that present in a 
similar way as symptoms due to PoTS.

Therefore, when we assess a patient pre-
senting with tachycardic signs and symptoms 
it is important to take a detailed description of 
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symptoms [58]. Once more, collateral informa-
tion is vital in investigating cognitive complains. 
It is well recognised that patients with memory 
and cognitive deficits, such as in Alzheimer’s 
Disease may underplay their symptoms, mainly 
due to cognitive anosognosia, whereas those 
with purely subjective memory complaints (the 
“worried well”) may overemphasise difficulties. 
Three non-canonical signs have been shown to 
have diagnostic value during assessment in the 
cognitive clinic. These are: The “attended alone 
sign”, “the head turning sign” and the “applause 
sign”.

When patients attend the cognitive clinic 
alone, despite written and clear information 
to bring a close relative or friend, the so called 
“attended alone sign” has been strongly associ-
ated with the absence of dementia [59, 60]. As 
it is an indicator of subjective memory issues. 
When the patient is asked a question and turns 
his/her head towards the person accompanying 
them looking for the answer, is a modestly sen-
sitive but very specific sign of cognitive impair-
ment [61, 62]. The third one, “the applause 
sign” requires asking the patient to clap their 
hands only three times; if they do it more, this 
is abnormal. Although the sensitivity is poor, the 
specificity for cognitive impairment is good as, 
if negative, it can usually exclude neurodegen-
erative diagnosis for cognitive issues [63].

On further questioning, it is important to ask 
if there are any personality changes, as these can 
be associated with forms of dementia, such as 
frontotemporal dementia, which if inherited can 
presented in younger patients. If there is a fam-
ily history of dementia in younger age as this 
can be associated with increased risk; specific 
genes have been implicated. Any abnormali-
ties in neurological examination, for example 
increased tone, rigidity, abnormal gait or pres-
ence of choreiform movements, such as seen in 
Huntington’s disease, are red flags that should 
prompt further investigations and evaluation by 
a specialist. Any signs of movement disorder 
should prompt further investigations. If there is 
previous history of strokes and headaches, then 
consider the possibility of CADASIL (cerebral 

function including memory assessments were 
not impaired, implying a selective deficit rather 
that a generalised one.

As to what extent the posture affects the 
degree of the cognitive issues, the literature 
remains unclear. Ocon et al. showed that reduc-
tions in working memory in response to graded 
head-up tilt were not associated with altered cer-
ebral blood flow in PoTS patients with comor-
bid chronic fatigue syndrome [54]. Stewart et al. 
showed the opposite effect as their study sug-
gested that diminished cognitive performance 
in PoTS was indeed associated with slow oscil-
lations in cerebral blood flow (Stewart et al. 
2015). Rodriguez et al. showed that the cogni-
tive symptoms were only present in the upright 
position for working memory, but were inde-
pendent of attention and alertness, and went 
one step further to show that rapid water drink-
ing has a positive effect on improving working 
memory in upright position. Furthermore, cogni-
tive deficits in patients with comorbid PoTS and 
chronic fatigue syndrome seem to improve on 
supine position [55].

Following the contradictory results, it was 
suggested that these findings may indicate that 
the cognitive dysfunction in PoTS is not due 
to the increased heart rate and symptoms with 
standing, but rather may reflect part of the dis-
ease itself [52].

Moreover, other factors that can be present 
in PoTS and need to be addressed include poor 
sleep efficiency, mood disorders, and anxiety, 
either clinical or subclinical [56]. It is important 
to note however that PoTS patient do not seem 
to have an increased lifetime prevalence of psy-
chiatric disorders.

Red Flags

As cognitive deficits are commonly present in 
PoTS, differentiating between subjective cogni-
tive complaints and cognitive impairment due 
to neurodegenerative disorders can be diffi-
cult [57]. It is vital to take a detailed history of 
the specific deficits, ask for specific examples 
that demonstrate the nature and extent of the 
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PoTS and Joint Hypermobility
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Introduction

The term joint hypermobility describes the abil-
ity to move a joint through a wider range of 
movement than normal. A number of factors 
can influence the ability to do this including age, 
gender, race, training, injury, and the presence of 
medical disorders or syndromes that cause joint 

tissue laxity [1]. Injury can induce laxity in a 
previously stable joint or lead to a reduced range 
of movement in a previously hypermobile joint.

Typically, children have a wide range of 
movement in their joints that is normal and may 
decrease or be lost with growth during ado-
lescence and into adulthood. For this reason, 
scoring tools used to define generalised or wide-
spread joint hypermobility have higher cut-off 
points for a description of generalised hypermo-
bility in children than in adults [2].

Similarly, adults lose mobility with age. For 
this reason, scoring tools used to define general-
ised hypermobility have a lower cut-off for those 
after the age of 50 years.

In addition, women tend to have greater prev-
alence of generalised joint hypermobility than 
men.

The distribution of joint hypermobility can 
also vary between individuals. It may be:

• Mono-articular—found in just a single joint
• Pauci-articular—identified in a few joints
• Regional—such as upper or lower limb domi-

nant, or in the small joints of the hands and 
feet (i.e. ‘peripheral’), or

• Poly-articular or Generalised—found throughout  
the body.
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or more of the questions gives a very high pre-
diction of the presence of hypermobility, with 
85% sensitivity and specificity against the 
Beighton score.

Box 2: The Hypermobility Questionnaire
1. Can you now (or could you ever) place 

your hands flat on the floor without 
bending your knees?

2. Can you now (or could you ever) bend 
your thumb to touch your forearm?

3. As a child did you amuse your friends 
by contorting your body into strange 
shapes OR could you do the splits?

4. As a child or teenager did your shoulder 
or kneecap dislocate on more than one 
occasion?

5. Do you consider yourself 
double-jointed?

It is important however to note that the Beighton 
score is best used as a screening tool. A positive 
score indicates it is highly likely an individual is 
hypermobile. A low score does not rule out gen-
eralized, mono, pauci, or regional hypermobility. 
Other joints should be examined for hypermo-
bility, such as the temporomandibular joint, cer-
vical spine, shoulders, thoracic spine, hips, 
ankles and feet to gain appropriate insight into 
the relationship between joint pain and injury 
and joint hypermobility.

Two other scoring systems have been vali-
dated, and, are used most often in specialist 
medical and therapy assessments. These are 
the Upper Limb Hypermobility Assessment 
Tool (ULHAT) [6] and the Lower Limb 
Assessment Score (LLAS) for children [7] and 
more recently validated in adults [8]. They are 
more complex to apply than the screening tools 
above, and, require more than a general level 
of skill in musculoskeletal physical examina-
tion. The ULHAT for example includes assess-
ment of the shoulder, forearm rotation and the 
wrist; and the LLAS the hip, ankle, and mid 
and forefoot.

Identifying Joint Hypermobility

A general physical examination is required to 
identify joint hypermobility. For mono, pauci, 
and regional hypermobility there are no scor-
ing systems. The findings are descriptive, hav-
ing identified the joints affected. One might 
have hypermobility at the shoulders with joint 
instability and related injury and pain but have 
no other sites of hypermobility. One might, for 
example, have unstable ankles causing regional 
pain and changes in the biomechanics and func-
tion of the legs, pelvis and lower back.

For generalised joint hypermobility the most 
commonly applied scoring tool to define it is the 
Beighton Score (Box 1) [3], a modification of an 
earlier scoring system by Carter and Wilkinson 
[4]. The Beighton score is a set of 9 manoeuvers 
or points (Box 1).

Box 1: Assessing the Beighton Score
• One point if, while standing and bend-

ing forward, the individual can place 
their palms on the ground with the legs 
straight

• One point for each elbow that extends 
more than 10 degrees

• One point for each knee that extends 
more than 10 degrees

• One point for each thumb that, with the 
wrist flexed and arm straight, can be 
manipulated to touch the forearm

• One point for each fifth finger that 
extends beyond 90 degrees.

Children are considered to have generalised 
joint hypermobility if their Beighton score is 7 
or more; adolescents and adults under the age of 
50 if the score is 5 or more; and those over aged 
50 if the score is 4 or more.

Another tool allied to the Beighton score 
is the Hypermobility Questionnaire (Box 2), 
which can be used instead of the Beighton 
score as a quick screen for generalised joint 
hypermobility [5]. An answer of ‘yes’ to two 
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Joint Subluxation and Dislocation

In addition to the wider range of movement, 
joint instability may arise in the form of sublux-
ations and/or dislocations. Subluxation describes 
the phenomenon where the articular surfaces 
of a joint are partially displaced from their nor-
mal alignment with each other as the joint goes 
through its range of movement. At all times 
at least some of the joint’s  surface-to-surface 
remains in contact. In a dislocated joint the 
articular surfaces are no longer in contact with 
each other at all; they have fully misaligned with 
each other, the joint out of its socket.

Ease of subluxations and disloca-
tions and the related injury are a feature of 
 hypermobility-related disorders, and arise to 
varying degrees; subluxation is likely to be the 
more common concern.

Dislocations are readily identified on physi-
cal assessment or imaging. It is more difficult 
to identify subluxations as this requires a more 
than general knowledge of joint examinations. 
That being said, at certain sites (such as the base 
of the thumb, the wrists, the shoulders, the hips, 
and the kneecaps) it can be clear by manipu-
lating the joint for its stability that the joint is 
unstable.

Hypermobility-Related Disorders—HSD 
and hEDS

The most common diagnosis of a 
 hypermobility-related disorder was previously 
called Joint Hypermobility Syndrome (JHS) 
[9]. The JHS diagnostic criteria covered a wide 
group of patients some of whom had signs and 
symptoms that might equally be described 
as the Hypermobile variant of Ehlers-Danlos 
syndrome (EDS) [10]. In 2017 new criteria 
addressed this by giving clarity to the criteria 

for Hypermobile EDS (hEDS), and the term 
JHS was dropped [11]. However, as described 
above, not all individuals with JHS would have 
had hEDS, nor would they have had any other 
Heritable Disorder of Connective Tissue. As 
such, descriptions were required for where an 
individual has hypermobility-related musculo-
skeletal concerns but does not appear to have 
EDS or other HDCT. In this situation the diag-
nosis Hypermobility Spectrum Disorder (HSD) 
is given [1]. A further important consideration 
is that HSD can apply to concerns where there 
is mono, pauci, peripheral, or generalised joint 
hypermobility present. In hEDS the joint hyper-
mobility is generalised in its distribution.

In both HSD and hEDS musculoskeletal 
symptoms can be mild to moderate to severe; 
hEDS in this sense is not more severe than HSD. 
Equally, studies are beginning to show that both 
can have relatively mild complications or very 
complex associated symptoms. For example, 
both HSD and hEDS individuals experience 
high levels of pain and symptoms of autonomic 
dysfunction [11].

There are no ‘criteria’ for HSD. It is defined 
by the presence of hypermobility-related muscu-
loskeletal concerns in the absence of a HDCT or 
other condition causing hypermobility [1].

The criteria for diagnosing hEDS are 
shown in Box 3 below. An individual must 
fulfil each of the 3 domains. In the second 
domain they must fulfil 2 of the 3 descriptors 
(A, B and C) by achieving sufficient scores 
where relevant. By studying the criteria one 
can see that hEDS is a condition of the mus-
culoskeletal system, skin, and other struc-
tural tissues. There are at this time no known 
genetic markers for hEDS, unlike the other 
13 variants of EDS where the genetics and 
pathophysiology have been well elucidated. 
However, the inheritance pattern in hEDS 
does appear to behave in a dominant way.



78 A. J. Hakim et al.

history of significant gain or loss of 
body fat or weight

• Bilateral piezogenic papules of the heel
• Recurrent or multiple abdominal 

hernia(s) (e.g., umbilical, inguinal, crural)
• Atrophic scarring involving at least two 

sites and without the formation of truly 
papyraceous and/or hemosideric scars 
as seen in classical EDS

• Pelvic floor, rectal, and/or uterine pro-
lapse in children, men or nulliparous 
women without a history of morbid 
obesity or other known pre-disposing 
medical condition

• Dental crowding and high or narrow 
palate

• Arachnodactyly, as defined in one or 
more of the following: (i) positive wrist 
sign (Steinberg sign) on both sides; (ii) 
positive thumb sign (Walker sign) on 
both sides

• Arm span-to-height ≥ 1.05
• Mitral valve prolapse (MVP) mild or 

greater based on strict echocardio-
graphic criteria

• Aortic root dilatation with Z-score ≥ 2

Feature B: positive family history, with 
one or more first degree relatives indepen-
dently meeting the current diagnostic cri-
teria for hEDS.

Feature C: musculoskeletal complications 
(must have at least one):

• Musculoskeletal pain in two or more 
limbs, recurring daily for at least 3 months

• Chronic, widespread pain for > 3 months
• Recurrent joint dislocations or frank 

joint instability, in the absence of 
trauma (a or b)

a) Three or more atraumatic dislocations 
in the same joint or two or more atrau-
matic dislocations in two different joints 
occurring at different times

b) Medical confirmation of joint instability 
at two or more sites not related to trauma

Box 3: Domains defining hEDS diagnos-
tic criteria

Domain 1: The presence of generalised 
joint hypermobility

Domain 2: (A) Skin or fascia signs and/
or pelvic floor concerns; OR Marfanoid 
features;

(B) a family history AND;
(C) the presence of mechanical mus-

culoskeletal symptoms and/or evidence of 
joint instability/subluxation/dislocations

Domain 3: The absence of any other 
underlying Heritable Disorder of Connective 
Tissue including other variants of EDS

Box 4: The 2017 International Criteria 
for the diagnosis of Hypermobile EDS

Criterion 1, 2 and 3 must be met.

Criterion 1: Generalized Joint 
Hypermobility (GJH)

The International Consortium on the 
Ehlers–Danlos Syndromes proposed the 
following Beighton score cutoffs

Pre-pubertal children and 
adolescents = 6

pubertal men and women up to the age 
of 50 = 5

 > 50 years of age for hEDS = 4.
An additional point is added to the score 

if the 5-point questionnaire is positive.

Criterion 2: Two or more of the 
Following Features (A–C) MUST Be 
Present (e.g.: A and B; A and C; B and C)

Feature A: systemic manifestations of a 
more generalized connective tissue disor-
der (a total of five must be present)

• Unusually soft or velvety skin
• Mild skin hyperextensibility
• Unexplained striae such as striae disten-

sae or rubrae at the back, groins, thighs, 
breasts and/or abdomen in adolescents, 
men or prepubertal women without a 
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mechanisms so it should be possible to tailor 
treatment to an individual’s needs, but in general 
all treatment modalities used to treat OI are in 
general appropriate to use in people with HSD 
or hEDS, assuming no specific contraindication 
in an individual.

Mechanisms that have been explored and 
continue to be studied include:

• Low blood pressure
• Increased peripheral venous dilation and 

blood pooling
• Low circulating blood volume
• Elevated circulating catecholamines (such as 

adrenaline (epinephrine))
• Autoimmunity. Autoantibodies directed 

against receptors which play a role in the reg-
ulation of heart rate and blood pressure

• Medications with side effects that trigger or 
impair autonomic responses, e.g. tricyclics 
such as amitriptyline

• Excess levels of histamine, and
• Brainstem or cervical cord impingement 

from Chiari malformation or cranio-cervical 
instability.

It is suggested that an excess of stretch or ‘give’ 
in larger veins or their ability to expand because 
of loose supporting connective tissue may be a 
cause for pooling of blood in the pelvis and the 
legs. This pooling in the lower half of the body, 
could lead to lightheadedness, fast heart rate to 
compensate for lower volumes of blood return-
ing to the heart and sometimes fainting when 
standing up.

Medications taken for the management of 
pain may also cause side effects of low blood 
pressure and fast heart rate. It is always impor-
tant to read the side effect information leaflet 
for any medication, but the more common ones 
used for pain relief and to reduce anxiety that 
tend to induce low blood pressure or fast heart 
rate include the neuroleptic drugs (e.g. pregaba-
lin), anti-depressants as analgesics (e.g. amitrip-
tyline), and opioid medications (e.g. codeine and 
morphine).

Criterion 3: All the Following 
Prerequisites MUST Be Met

1. Absence of unusual skin fragility, which 
should prompt consideration of other 
types of EDS

2. Exclusion of other heritable and 
acquired connective tissue disorders, 
including autoimmune rheumatologic 
conditions. In patients with an acquired 
connective tissue disorder (e.g., lupus, 
rheumatoid arthritis, etc.), additional 
diagnosis of hEDS requires meeting 
both Features A and B of Criterion 2. 
Feature C of Criterion 2 (chronic pain 
and/or instability) cannot be counted 
towards a diagnosis of hEDS in this 
situation.

3. Exclusion of alternative diagnoses that 
may also include joint hypermobility 
by means of hypotonia and/or connec-
tive tissue laxity. Alternative diagno-
ses and diagnostic categories include, 
but are not limited to, neuromuscular 
on  evidence-based management of the 
symptoms in the context of hEDS.

Pictures
Pictures of the skin and piezogenic 

papules

Cardiovascular Autonomic concerns in 
HSD and hEDS

Individuals with HSD and hEDS report fainting 
or feeling faint, palpitations, chest tightness, or 
shortness of breath in the absence of asthma or 
cardiac disease. Often these symptoms are iden-
tifiable as autonomic disturbances or orthostatic 
intolerance (OI), and most often postural tachy-
cardia syndrome (PoTS) in both children and 
adults [12–14].

Several possible mechanisms continue to 
be explored as explanations for the association 
between HSD, hEDS and autonomic dysfunc-
tion (Fig. 1). As more is understood of these 
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Management of Joint Hypermobility, 
Hypermobility Spectrum Disorders 
and Hypermobile Ehlers Danlos 
Syndrome: Considerations for 
Physiotherapy, Occupation therapy 
and Podiatry

Jane V. Simmonds

Introduction

Current best practice management of Joint 
Hypermobility, Hypermobility Spectrum 
Disorders (HSD) and hypermobile Ehlers 
Danlos Syndrome (hEDS) is essentially 

Nerve damage has also been suggested as a 
cause for low blood pressure although the exact 
mechanisms are not clear at this time. Nerve 
damage might include changes to the auto-
nomic nerves themselves. Very rarely there may 
be compression of the brain stem arising from 
instability of the joints at the skull base and 
top of the neck (cranio-cervical junction and 
 atlanto-axial instability).

Some people with HSD or EDS may have 
problems with excessive mast cell activation. 
Mast cells are immune system cells which help 
regulate allergic responses. When the mast cells 
respond to an allergic trigger, they release hista-
mine and many other substances that can influ-
ence heart rate and blood pressure.

Fig. 1  Summary of the possible mechanisms and 
potential modes of therapy for Postural Orthostatic 
Tachycardia Syndrome (PoTS) associated with rheu-
matological conditions. The therapies listed are 

associated with benefits with the individual conditions 
in the green boxes but the link between the mecha-
nisms, therapies and their effects on PoTS remains 
speculative
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Posture, Motor Control and Principles 
of Exercise

• Exercises should target a specific component 
of movement which requires greater skill and 
precision.

• Motor-skill training should be pain-free. Pain 
rapidly alters the excitability of the motor 
cortex and contributes to protective motor 
control strategies and so hinders learning. 
Where pain is persistent, exercise should be 
at a level which does not exacerbate pain.

• Rehabilitation exercises should be 
 goal-orientated or ‘cognitive’ to enhance cor-
tical neuroplastic changes.

• Quality is preferable to quantity to prevent 
fatigue and pain interfering with improve-
ments in task performance.

Joint Protection, Splinting 
and Occupational Therapy

Joint protection is an essential part of manage-
ment; individuals need to be taught to avoid 
unhelpful postures [20] and to self-manage 
subluxations and dislocations. This can avoid 
repeated attendances at Accident and Emergency 
centres and unnecessary radiological investi-
gations and the provision of high strength pain 
medications.

Improving dynamic control of movement 
and strength to compensate for the ligamentous 
insufficiency and tackle instability through care-
fully planned exercise programmes can help to 
minimize risk of injury, subluxation, dislocation 
and trauma to joints. If an individual is experi-
encing significant pain, exercise may start with 
isometric activation and inner range exercise 
before progressing to large amplitude resisted 
work using elastic bands and light weights. 
Many adults with HSD and hEDS have reported 
that they find low impact exercise in water, 
swimming, walking and Pilates helpful [21].

Weight management is another important 
factor for protecting against musculoskeletal 
injury and pain. In one large study in the West 
of England, where adolescents with generalised 

a problem solving, patient empowerment 
approach underpinned by the best available 
evidence. Ideally a multidisciplinary team will 
include the General Practitioner, Paediatrician, 
Rheumatologist, Physiotherapist, Psychologist, 
Occupational Therapist, Podiatrist, Occupational 
Health Practitioners, Teachers and Fitness and 
Exercise Instructors. When co-morbidities are 
present such as PoTS or orthostatic intolerance, 
gastrointestinal dysmotility, bladder dysfunction 
and psychiatric illness, aditional system special-
ists are also needed in the team.

Education and Family Support

Condition-specific patient education and shared 
decision-making forms the basis of empow-
erment based self-management for long term 
conditions such as HSD and hEDS [15]. In 
addition to face to face education in clinic, indi-
viduals and families can be directed to helpful 
evidence based information provided by patient 
support group organisations such as the HMSA 
www.hmsa.org, EDS Support UK https://www.
ehlers-danlos.org and The Ehlers Danlos Society 
https://www.ehlers-danlos.com/.

Postural Education, Exercise 
and Functional Rehabilitation

Back pain associated with suboptimal posture 
and segmental instability is a common clinical 
finding. Individually tailored posture re-educa-
tion programmes have shown good improvement 
in pain and quality of life [16, 17]. An eight 
week spinal stabilization exercise programme 
improved back pain, trunk muscle endurance 
and balance [18]. Patients with musculoskeletal 
pain have also been shown to have functional 
changes in the representation of affected mus-
cles on the somatosensory cortex and that these 
cortical neuroplastic changes, associated with 
pain, can be reversed by  motor-skill training. 
Boudreau and colleagues [19] suggest several 
important components to maximize rehabilita-
tive success.

http://www.hmsa.org
https://www.ehlers-danlos.org
https://www.ehlers-danlos.org
https://www.ehlers-danlos.com/
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of typing or writing. Back supports and knee 
braces are often helpful after an injury and an 
acute exacerbation of pain or during early reha-
bilitation. Tape can also be beneficial to help 
support a vulnerable joint and also to help facili-
tate proprioception and postural control [20]. 
The provision of mobility aids such as crutches 
and wheelchairs requires careful consideration 
by the multidisciplinary team.

Gait Re-education and Podiatry

A combination of altered biomechanics, reduced 
proprioception, poor motor control, weak mus-
cles and reduced stamina frequently affect gait 
[24–26]. Hypermobile individuals commonly 
present with over-pronated hind feet, a flattened 
medial longitudinal arch and sometimes inef-
ficient Tibialis Posterior muscle function. This 
may lead to an altered gait pattern and subse-
quent foot, ankle, leg and back pain. Heal and 
arch raising exercises are often helpful and in 
many cases correcting the biomechanics of the 
ankle/foot complex with supportive footwear 
and/or orthotics significantly optimises function 
and reduces pain. There is some research evi-
dence for the effectiveness of orthotics in gait 
for children with Developmental Coordination 
Disorder and HSD/hEDS [27]. As yet there is no 
research evidence that orthotics are helpful for 
adults with HSD or hEDS, however anecdotal 
reports are positive. Where more complex ankle 
and foot issues are present, an assessment by an 
experienced podiatrist is recommended as there 
needs to be careful consideration of the biome-
chanical correction and materials used for the 
orthotics.

Proprioception, Balance and Functional 
Rehabilitation

Given that proprioception and balance impair-
ments are common in both children and adults 
with HSD and hEDS, specific balance and pro-
prioceptive exercises need to be incorporated 
into rehabilitation and fitness programmes. 

joint hypermobility were followed up over a 
5 year period, being overweight increased the 
risk of musculoskeletal pain injury 12 fold [22]. 
Therefore dietary control and judicious partici-
pation in physical activity including sport, dance 
and Physical Education should be encouraged. 
While sports participation clearly has many ben-
efits for hypermobile individuals, additional care 
needs to be taken when playing contact sports 
as there is an increased risk of knee injury [23]. 
For those with HSD and hEDS, intense physical 
activity can exacerbate pain, fatigue and PoTS 
symptoms and therefore activity needs to be 
carefully paced. Each case should be individu-
ally assessed and where necessary adjustments 
to frequency, intensity and type of physical 
activity can be made.

Occupational therapists and hand therapists 
can provide invaluable advice and provision 
of wrist and hand splints and rehabilitation as 
well as ergonomic adaptations for the home, 
school and workplace. Splinting of hypermo-
bile joints should be used judiciously to avoid 
over-dependence. Specific activity related finger 
and hand splints (Fig. 2) can be very helpful for 
specific tasks, for example practicing a musical 
instrument, opening a jar and prolonged periods 

Fig. 2  Ring splints
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specific exercise or functional rehabilitation 
sessions is reported to be helpful by expert 
clinicians and patients [31]. Exercise which is 
carefully graduated into the hypermobile range 
was shown to benefit children in terms of pain 
reduction and muscle strength. Moreover, from 
the parents’ perspective, exercising into the 
hypermobile range was helpful in terms of self-
esteem [23].

Single leg standing exercises, progressing to 
more dynamic balance activities using a balance 
(wobble) board, to provide a further challenge, 
as well as exercises in four-point kneeling, can 
be useful progressions for combined upper and 
lower limb proprioception and strengthening. 
Exercises may also include the use of foam rolls 
and large gym balls. Hydrotherapy has been 
reported by patients to be helpful [21] and is 
perceived to be effective by paediatric therapists 
[32]. Later stage rehabilitation involves more 
advanced integrated open chain strength and 
cardiovascular training in line with American 
College of Sports Medicine (ACSM) guidelines 
for children [33, 34] and adults [35], in order to 
improve functional fitness and to facilitate par-
ticipation in sporting and performing arts activi-
ties. A note of caution, exercise progressions 
should be carefully monitored to ensure the indi-
vidual can cope with the intensity. A graduated 
return to higher level sport or dance is recom-
mended and training loads should be observed 
to ensure adequate recovery.

Carefully prescribed open and closed chain 
exercise (Figs. 3 and 4) have been shown 
to be effective for reducing pain, improv-
ing strength, proprioception and balance [18, 
28–30]. Enhancing sensory input by the use of 
‘hands on’ movement facilitation [21], tape and 
wearing of tight fitting lycra garments during 

Fig. 3  Closed chain knee strengthening exercise

Fig. 4  Closed chain upper 
quadrant trunk exercise
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persistent pain and fatigue impact significantly 
on functional capacity and maladaptive beliefs 
are behaviours are recognised, involvement of 
clinical psychology is recommended (see psy-
chology section, Chapter 40).

Immune and Inflammatory Rheumatic 
Diseases, Fibromyalgia, CRPS 
and PoTS

Arvind Kaul

Introduction

This section will critically review the current 
evidence that PoTS may be associated with 
mechanisms common to autoimmune condi-
tions, Fibromyalgia and Chronic Regional Pain 
Syndrome (CRPS), although this is clearly 
an evolving field which will be significantly 
added to in the coming years. In common with 
the above conditions, PoTS is most common in 
young women between the ages of 15–50. In 
addition, these conditions share common fea-
tures including dysautonomia, cognitive impair-
ment, fatigue, sensory changes consistent in 
some cases with proven small fibre neuropathy 
and allergic symptoms, possibly consistent with 
mast cell degranulation.

Autoimmune Rheumatic Conditions 
and PoTS

There is circumstantial evidence that not only 
does PoTS have an autoimmune basis in some 
individuals but may be associated with autoim-
mune conditions seen in rheumatology practice.

Wang et al. [42] in one pilot study of 17 
patients (7 control, 10 PoTS) found a vari-
ety of IgG antibodies in PoTS patients which 
cross-reacted with cardiac proteins includ-
ing those involved with cell survival (laminin), 
structural integrity of cardiac muscle (filamin) 
and cardiac hypertrophy (mimecan, myozenin) 
amongst others. Furthermore, in another study, 

Pain and Fatigue Management

Individuals with HSD and hEDS may present 
with a mixture of acute, mechanical and chronic 
pain with both peripheral and central sensitiza-
tion often present [36]. Fatigue is a common 
debilitating symptom [37]. Understanding the 
mechanism for the fatigue and treating the cause 
is key. For example, there may be biomechani-
cal causes associated with muscle weakness, 
joint alignment and poor kinematics. Nutritional 
and metabolic factors may play a role, such as 
inadequate hydration, low vitamin D and ferri-
tin levels and poor fitness levels. Low mood and 
anxiety and other systemic symptoms such as 
gastrointestinal dysmotility and cardiac dysauto-
nomia may limit exercise tolerance and require 
adaptation of therapy.

Experts report that a range of treatments can 
be beneficial for the short term relief of pain, 
for example ice, heat, gentle manual therapy 
for stiff joints (usually the thoracic area) and 
soft tissue massage. Trigger point work and 
myofascial release can also alleviate pain asso-
ciated with muscle spasm [38]. Where there is 
evidence of pathoneurodynamics, neural mobi-
lisation techniques may be helpful. Acupuncture 
and transcutaneous electrical nerve stimulation 
(TENS) is useful for some individuals. Higher 
frequency TENS settings of 120–150 Hz which 
are thought to activate the descending opi-
oid pathways [39] have been most helpful. All 
therapies should be applied carefully to avoid 
exacerbation of pain as peripheral and cen-
tral sensitization is commonly observed [36]. 
Learning to pace activity is an important man-
agement strategy for tackling persistent pain and 
fatigue. Additionally, graded functional activ-
ity exposure [40] and carefully monitored car-
diovascular, strength—endurance programmes 
and other forms of low impact rhythmical exer-
cise such as Nordic pole walking or tai chi may 
help to modulate widespread persistent pain 
and fatigue [41]. Physical reconditioning is 
also important for managing PoTS symptoms 
(see chapter “Exercise Guidelines for Postural 
Tachycardia Syndrome”). For individuals where 
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complexes in plasma membranes important in 
cell signalling and transduction.

The data presented above suggest an autoim-
mune basis for PoTS. As autoimmune conditions 
often co-exist it is therefore not surprising that 
autoantibodies associated with other autoimmune 
conditions are found in PoTS and may point to 
a secondary cause. Blitshtyen [49] studied 100 
consecutive patients with PoTS of whom 91 
were female. Of these, 25% had a positive ANA, 
7% had at least one positive antiphospholipid 
antibody test with 5% fulfilling criteria for full-
blown antiphospholipid syndrome (APS). Other 
specific antibodies such as anti-SSA (most com-
monly found in Sjögren’s Syndrome and SLE) 
and dsDNA (usually found in SLE) were less 
frequent but in total, 31% of PoTS patients had 
positive autoantibodies. It should be noted how-
ever, that estimates for the prevalence of ANA 
can vary and approach between 8 and 40% in 
some populations. In addition, positive antibod-
ies do not necessarily mean that the patient has a 
defined active autoimmune disease.

However, in this study, up to 20% of patients 
had a co-morbid autoimmune disorder, most 
commonly Hashimoto’s Thyroiditis (11%), 
Antiphospholipid Syndrome (5%), Rheumatoid 
Arthritis (4%) and SLE (2%). These features 
were suggested to be at a higher prevalence than 
then the general population, but larger numbers 
are needed to clarify this association.

The Antiphospholipid Syndrome (APS) has 
been associated with pregnancy loss and throm-
bosis with the presence of either anticardiolipin 
antibodies or lupus anticoagulant positivity. 
In one study of 15 APS patients with PoTS or 
other forms of dysautonomia, retrospective 
chart reviews revealed the autonomic symptoms 
improved with anticoagulation or intravenous 
immunoglobulin in some patients [50].

Given the wide array of autoantibodies detected 
in PoTS, it is very likely that more than one 
mechanism is likely to be involved in aetiology. 
Vasoactive antibodies associated with PoTS may 
be critical in pathogenesis, but their exact roles are 
not clear, and it is important to remember that the 
presence of an antibody does not prove causality.

14/14 patients with PoTS exhibited activating 
antibodies to α1-adrenergic and β1/2 adrener-
gic receptors [43]. In a follow up study, 12/17 
PoTS patients had antibodies to the Angiotensin 
II Type 1 Receptor (AT1R) with none found 
in control patients with vasovagal syncope or 
healthy controls [44].

Gunning et al. [45] found that 50–55 PoTS 
patients studied had autoantibodies against 
4 subtypes of G-protein coupled adrenergic 
receptors and 5 subtypes of G-protein coupled 
muscarinic acetylcholine receptors by ELISA. 
Controls and 5 PoTS patients had no autoanti-
bodies. PoTS patients also exhibited multiple 
symptoms including fatigue (94.5%), myalgias 
(83.6%), Raynaud’s phenomenon (49.1%) and 
depression (34.5%). However, there was no 
attempt to classify these symptoms as being due 
to any other condition and they may be due to 
other conditions either related or unrelated to 
PoTS.

In addition, an 11-year experience with 152 
unselected POTS patients demonstrated 86% 
were female with a mean age of 30.2 years. Of 
the 42 patients tested, 6 (14.2%) had ganglionic 
anti-acetylcholine receptor antibodies (G-AchR) 
in a low positive titre [46]. These antibodies are 
very specific for autoimmune autonomic gangli-
onopathy and are not seen in either healthy indi-
viduals or patients with Myasthenia Gravis [47].

Li et al. [43] suggested that because a pro-
portion of patients with PoTS have a precipi-
tant such as a presumed viral infection, a form 
of molecular mimicry may induce PoTS via an 
autoimmune phenomenon. In a small cohort of 
14 PoTS patients and 10 healthy controls, they 
studied whether PoTS patients may harbour 
functional antibodies to adrenergic receptors 
(α1AR, β1AR and β2AR). Their findings sug-
gested that PoTS patients have elevated α1AR 
autoantibodies which exert a partial peripheral 
antagonist effect. This leads to a compensatory 
activation of α1AR and concurrent β1AR medi-
ated tachycardia.

Wang et al. [48] found the presence of 
autoantibodies to lipid rafts in PoTS patients. 
Lipid rafts are glycosphingolipid-protein 
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criteria for CFS exemplifying the difficulties in 
interpreting study conclusions [57].

The issue of whether common 
 immune-mediated mechanisms are impor-
tant in CFS much as they seem to be in PoTS 
is unclear, making associations between the 
two conditions difficult to extrapolate cur-
rently. In one systematic review of 15 studies, 
no firm conclusions could be drawn on whether 
cytokines and by inference, an immune-medi-
ated response, were associated with CFS [58].

Studies show variability in the frequency of 
orthostatic intolerance and PoTS in CFS and use 
small numbers of patients. Larger multicentre 
studies are required to clarify whether PoTS has 
a significant association with CFS before any 
conclusions can be drawn on management.

Fibromyalgia and PoTS

In common with many patients with CFS, 
patients with Fibromyalgia (FM) often complain 
of similar symptoms including dizziness and 
lightheadedness.

Fibromyalgia is a condition of chronic dif-
fuse pain associated with fatigue, sleep dis-
turbance and cognitive dysfunction. FM is 
common, affecting perhaps 1–2% of the UK 
population [59]. It can be classified according to 
the American College of Rheumatology (ACR) 
2016 revised criteria [60] but recent attempts 
have aimed to consolidate criteria based around 
pain, fatigue and sleep disturbance [61].

Very few studies looking at FM and PoTS 
exist and to add to the confounding effects, 
some symptoms of FM inevitably overlap with 
CFS. Dissociative disorders involve prob-
lems with memory, identity, emotion, per-
ception, behaviour and sense of self. In one 
study, 21 FM patients and 22 healthy controls, 
each participant completed the Dissociative 
Experiences Scale [62]. Patients with fibromy-
algia reported both significantly greater dis-
sociative experiences and more symptoms of 
orthostatic intolerance than controls. The rela-
tionship between fibromyalgia and dissocia-
tion remained significant after adjusting for the 

While there is circumstantial evidence 
for a link between PoTS and rheumatic 
 immune-mediated disease, much more work is 
required to clarify any association before any 
firm conclusions can be drawn.

Chronic Fatigue Syndrome and PoTS

Chronic Fatigue Syndrome (CFS, see chap-
ter “Chronic Fatigue Syndrome”) is defined by 
the International CFS Working Group’s 1994 
Chronic Fatigue Syndrome Case Definition cri-
teria [51] and may affect 2.5 million people in 
the USA [52]. It has been suggested that CFS be 
reclassified as Systemic Exertional Intolerance 
Disease (SEID) with new diagnostic criteria 
including (1) unexplained fatigue leading to a 
disability and lasting more than 6 months, (2) 
Post exertional Malaise (PEM), (3) unrefreshing 
sleep, (4) plus one of either cognitive impair-
ment or orthostatic intolerance, the latter the 
most prominent symptom in patients with SEID/
CFS.

In SEID, the commonest forms of OI are 
PoTS and neurally-mediated hypotension. SEID 
orthostatic intolerance (OI) is defined by dizzi-
ness, lightheadedness, blurred vision, and near 
syncope worse in the upright posture, improved 
by lying down. CFS/SEID patients have signifi-
cantly higher frequency of standing and recum-
bent dizziness and lightheadedness but these 
symptoms are not always attributed to PoTS, 
being found in 6/39 (15%) CFS patients and 
1/25 (4%) controls [53].

Despite this, the dysautonomic changes 
exhibited in PoTS and CFS patients can be 
similar [54] (see chapter “Chronic Fatigue 
Syndrome”). Orthostatic intolerance can be 
detected in patients with CFS on tilt-table test-
ing [55]. Patients with CFS may exhibit higher 
standing heart rates than age and sex-matched 
controls with 27% of CFS patients with PoTS 
compared with 9% of controls in one study 
[56]. While PoTS patients with CFS had greater 
orthostatic tachycardia and more labile blood 
pressure than patients without CFS, the major-
ity of non-CFS POTS patients also fulfilled the 
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and so classification criteria are not absolute. 
CRPS-II (previously known as causalgia) is 
associated with confirmed nerve injury.

CRPS starts after minor or moderate injury 
such as wrist fracture. The injured limb is often 
warm, swollen and very painful. Both allodynia 
and hyperalgesia may be associated, and pain 
usually persists and may extend with the limb 
eventually becoming cold. CRPS symptoms 
vary in severity and duration, although some 
cases are mild and eventually go away. In more 
severe cases, individuals may not recover and 
may have long-term disability.

The link between PoTS and CRPS is 
indicated by the finding that CRPS may be 
associated with autoantibodies against dif-
ferentiated autonomic neurons. The mecha-
nisms may involve β2adrenergic receptor and/
or the  muscarinic-2 receptor antibodies [64]. In 
addition, chronic CRPS is associated with acti-
vating autoantibodies against alpha-1α adreno-
ceptors [65]. This raises the possibility that 
CRPS associated with PoTS may be amenable 
to immunomodulation and intravenous immuno-
globulin has been used in this setting.

There has also been concern about the pos-
sibility of HPV vaccination inducing CRPS 
and PoTS. In 2013, Kinoshita [66] reported 
44 Japanese females (aged 11–17 years), 
12 of whom developed orthostatic hypoten-
sion or PoTS after HPV vaccination. Eighteen 
were diagnosed with CRPS. The authors 
noted that HPV vaccination might be a com-
mon mechanism in causation of CRPS and 
PoTS since the average time to onset was 
5.47 months ± 5 months post-vaccination.

In 2015, Brinth [67] reported 35 Danish 
women aged 23.3 ± 7.1 years, 21 of whom ful-
filled the criteria for PoTS, who developed 
dysautonomic symptoms within two months 
after vaccination for HPV. Chandler [68] cluster 
analysed the WHO database for HPV vaccine 
adverse events using data from VigiBase, com-
prising 10.3 million reports globally. While the 
majority of clusters of adverse events (71% of 
the total cases) were expected and reported in 
the product label, small numbers of cases (total 
694) contained four significant clusters reporting 

gender but was rendered non-significant when 
adjusted for symptoms of orthostatic intoler-
ance. These results suggested that the disso-
ciation symptoms were largely attributable to 
orthostatic intolerance. However, a clear diag-
nosis of PoTS was not provided making conclu-
sions difficult to draw.

Tang et al. [63] found that neurally medi-
ated hypotension (NMH), a form of orthostatic 
intolerance, was common in patients with SLE 
being found in 47.9% of the 48 patients who 
had tilt table testing. Although the frequency of 
PoTS alone was not stated, 14.6% of patient did 
have both NMH and PoTS while 23.7% of the 
patients fulfilled criteria for FM. However, the 
authors were not able to show an association 
between FM and NMH in SLE although symp-
toms of FM were reproduced during tilt table 
testing in some patients. In addition, NMH did 
not have any significant impact on quality of life 
measures over and above those due to the FM 
but data for PoTS was not presented.

In summary, while FM is a common condi-
tion of pain, very few studies have proved a 
causal link between FM and PoTS. Symptoms 
of orthostatic intolerance may be common in 
FM but clearly larger controlled studies are 
needed to determine any link between PoTS and 
criteria diagnosed FM.

Chronic Regional Pain Syndrome, 
Dysautonomia and PoTS

Complex regional pain syndrome (CRPS) is 
characterised by pain and is most commonly 
found in women. It usually affects one limb (e.g. 
arm, leg, hand, or foot). CRPS is associated with 
sensory, autonomic and motor abnormalities 
with trophic changes including skin colour, tem-
perature, with or without swelling in the affected 
area.

Two CRPS types currently exist, CRPS-I and 
CRPS-II. Individuals without a confirmed nerve 
injury are classified as having CRPS-I (previ-
ously known as reflex sympathetic dystrophy 
syndrome). However, there is evidence of nerve 
fibre changes in C and Aδ fibres in CRPS-I 
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as SLE, Sjögren’s Syndrome or Rheumatoid 
Arthritis

• Additionally, triggers that are common to 
patient groups, including medications such as 
amitriptyline, dietary factors or other stress-
ors may be relevant.

Examination

• All systems should be scrutinised for 
abnormalities.

• Skin: malar rash, discoid patches, scarring 
alopecia, livedo reticularis, Raynaud’s

• Cardiovascular: lying/standing blood pres-
sure, auscultation for murmurs

• Gastrointestinal: abdominal tenderness, 
ascites

• Musculoskeletal: Joint hypermobility, swell-
ing, tenderness

• Respiratory systems. Auscultation for crack-
les or dullness indicating interstitial lung 
changes or pleural effusions

• Neurological: Cranial or peripheral neu-
ropathies, weakness/power deficit indicating 
myopathy

Investigations

If an autoimmune connective tissue disorder 
such as lupus, Sjogren’s Syndrome or APS is 
suggested, investigations should include:

• FBC, urea and electrolytes, LFT, ESR, CRP
• ANA including pattern and titre
• Extractable nuclear antigens (ENA)
• dsDNA: specific for SLE
• Rheumatoid factor and anti-CCP antibodies
• Antiphospholipid antibody screen 

(Lupus anticoagulant, IgM and IgG 
 anti-cardiolipin antibodies and IgM and 
IgG  β2-Glycoprotein-1. If positive, repeat in 
12 weeks)

• Immunoglobulins (often high in disease, 
occasionally low), complement (often low in 
disease, especially C4)

adverse events of fatigue, syncope, dizziness and 
headache. It was suggested that these symptoms 
overlap with diagnoses including PoTS, CFS 
and CRPS.

However, the reporting was not explicit 
enough to suggest that these diagnoses were 
based on specific criteria. The European 
Medicines agency (EMA) also reviewed the 
WHO data and concluded that the reported cases 
of PoTS, CRPS or CFS were at levels expected 
in the general population using population esti-
mates [69]. They concluded that there was no 
evidence of HPV inducing these conditions and 
recommended continued vigilance.

While there is good evidence that PoTS is 
linked in some cases to positive autoimmune 
tests, a specific mechanism to explain all of the 
symptoms is as yet lacking. Furthermore, it is 
unclear whether CFS and CRPS, while seem-
ingly associated with PoTS with similar symp-
toms, are part of the same spectrum, associated 
or share similar symptoms. There are many 
strategies to provide symptom control but none 
yet which could potentially address the possible 
autoimmune causes.

Management of Patients 
with Autoimmune Rheumatic Diseases, 
CFS, FM, CRPS and Suspected PoTS.

Although there is some evidence for a link, the 
exact relationship between PoTS, FM, CFS, 
CRPS and autoimmune disorders has not been 
determined yet in large controlled studies. 
Therefore, potential PoTS patients with rheu-
matic disorders must be thoroughly questioned 
and investigated to determine any possible 
link.

History

• Specific symptoms such as joint pain and 
swelling, Raynaud’s phenomenon, photosen-
sitivity, recurrent oral ulcers, increased hair 
fall and sicca symptoms may be important in 
the diagnosis of autoimmune conditions such 
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hydrotherapy to promote reduction of pain 
and strength in areas such as the spine and 
pelvis.

• Cardiologist/Specialist in PoTS: Autonomic 
function tests and cardiac tilt table testing 
should rely on initial history, clinical exami-
nation including lying and standing blood 
pressure and pulse rate measurements to clar-
ify the nature of any orthostatic intolerance 
and referral directed if required to specialist 
clinics.
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Headache in Postural 
Tachycardia Syndrome

Linda D’Antona and Manjit Matharu

Introduction

Patients with postural tachycardia syndrome 
(PoTS) have been reported to suffer head-
aches in up to 94% of the cases [1]. Among the 
myriad of symptoms that PoTS patients can be 
affected by, headache is very prevalent and has 
been reported as one of the five most common 
symptoms in PoTS by various authors [1–3]. 
In a large international survey on 4835 patients 
with PoTS, Shaw et al. highlighted that the 
most common comorbidity in PoTS is migraine 
(40%) [1]. Moreover, PoTS has been found 
to overlap with other comorbidities typically 
characterised by head and facial pain such as 
spontaneous intracranial hypotension and tem-
poromandibular dysfunction  [4, 5]. Headache 
in PoTS has diverse characteristics and it can be 
either a manifestation of the orthostatic intoler-
ance secondary to PoTS or due to other under-
lying primary and secondary forms of headache. 
On occasions, headaches with different aetiolo-
gies can manifest in the same patient. The pres-
ence of headache in a PoTS patient can therefore 
pose diagnostic and therapeutic challenges: How 

can we differentiate between headache second-
ary to PoTS and other causes of headache? What 
is the best treatment strategy to manage PoTS 
patients with headache? Despite the rapidly 
increasing number of PoTS cases reported in the 
literature [6], only a few authors have provided 
a detailed description of the headache charac-
teristics in their case series. In this chapter we 
summarise the current evidence on headache in 
PoTS patients and aim to provide information 
useful for the differential diagnosis and manage-
ment of patients with headache and PoTS.

Prevalence of Headache in PoTS

The prevalence of headache as a symptom of 
PoTS has been reported to be between 28 and 
100% [7, 8]. This sizeable range could be attrib-
uted to the diverse designs of the different stud-
ies. A summary of the articles reporting data on 
the prevalence of the headache in PoTS is pro-
vided in Table 1.

Since 2011, three single centre surveys and 
one international survey on the clinical pres-
entation of PoTS have been published [1, 2, 8, 
9]. Shaw et al. recently reported the results of 
an international online cross-sectional survey 
conducted involving a total of 4835 participants 
with a diagnosis of PoTS [1]. According to this 
study, headache was among the five most com-
mon symptoms of PoTS with a prevalence of 
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The two articles reporting the lowest head-
ache prevalence are by Thieben et al. and Li 
et al., they are single centre retrospective stud-
ies on large cohorts of patients with PoTS (152 
and 150 patients respectively) [7, 10–12]. These 
authors report a headache prevalence of 28 and 
35%, respectively, which is significantly lower 
when compared to other studies based on stand-
ardised surveys. As a history of headaches had 
not been systematically sought in these patients, 
these prevalence figures are likely to be an 
under-representation of the actual prevalence of 
headache disorders.

In 2018, Boris et al. conducted a large retro-
spective study on 708 PoTS patients in the pae-
diatric population. They reported that headache 
had a prevalence of 91% and was the second 
most common symptom after dizziness (95%). 
In addition, headache was the presenting symp-
toms for PoTS in 20% of the patients [3].

Apart from the work by Boris et al. and 
Heyer et al., studies based on surveys tended to 
give a higher prevalence of headache in PoTS 
when compared to retrospective studies. In a 
prospective study investigating the prevalence 

94% following light-headedness (99%), tachy-
cardia (97%), presyncope (94%) and difficulty 
concentrating (94%). A combination of all these 
five symptoms was reported by 83% of the par-
ticipants [1]. Similarly, Deb et al. conducted a 
standardised survey in 39 patients with PoTS 
and found that headache had a high prevalence 
(87%) and was the third most common symp-
tom following palpitations (92%) and fatigue 
(90%) [2].

Ojha et al. and Heyer et al. used surveys to 
investigate the clinical presentation of PoTS in 
the paediatric population and found a headache 
prevalence of 45.5% and 100%, respectively [8, 
9]. Ojha et al. reported the results of the Ohio 
Dysautonomia Survey in 53 patients and only 
considered patients as having headaches if they 
complained of headache episodes with a dura-
tion of 4–72 hours (if untreated); this might 
be the reason why the headache prevalence 
they reported is lower when compared to other 
studies based on surveys. The headache was 
described as pulsating, one-sided, moderate or 
severe in intensity and worse with movement in 
most patients [9].

Table 1  Prevalence of headache in patients with postural orthostatic tachycardia syndrome (POTS) reported in the 
literature

Author (Year) Population studied Type of study Headache

Shaw et al. (2019) [1] 4835 patients diagnosed with 
POTS

International survey 3797 patients (94%)

Deb et al. (2015) [2] 39 patients diagnosed with 
POTS

Single centre survey 34 patients (87%)

Ohja et al. (2011) [9] 53 paediatric and 53 adult 
patients diagnosed with 
POTS

Single centre survey (Ohio 
Dysautonomia Survey 
ODYSA)

50 patients (54%)

Boris et al. (2018) [3] 708 paediatric patients diag-
nosed with POTS

Single centre retrospective 
study

142 patients as presenting 
symptom (20%)
644 patients as subsequent 
symptom (91%)

Jiawei et al. (2014) [11] 150 paediatric patients diag-
nosed with POTS

Single centre retrospective 
study

52 patients (35%)

Heyer et al. (2013) [8] 70 adolescent patients inves-
tigated with tilt table testing 
for POTS (37 confirmed 
diagnosis of POTS)

Single centre prospective 
survey

37 patients (100%)

Thieben et al. (2007) [10] 152 patients diagnosed with 
POTS

Single centre retrospective 
study

42 patients (28%)
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of headache in patients affected by severe auto-
nomic failure, Robertson et al. reported that 
in their clinical experience only 25% of the 
patients voluntarily report this symptom [13]. 
These results imply that many patients with 
PoTS will report headaches only when asked 
about it thereby underlining the importance of 
actively asking about this symptom.

Migraine as a Comorbidity of PoTS

Migraine is an extremely common comorbidity 
in PoTS and has been reported to affect 28–40% 
of patients [1, 7]. According to a recent inter-
national survey conducted on 4835 patients, 
migraine is the most common comorbidity in 
PoTS [1]. In 2011, Khurana and Eisenberg 
investigated the clinical characteristics of a 
group of 24 patients with PoTS and reported that 
23 out of 24 (96%) fulfilled the International 
Classification of Headache Disorders (ICHD) 
diagnostic criteria for migraine or probable 
migraine [14]. Their reported prevalence of 
migraine could however have been overesti-
mated due to the nature of the study which only 
included patients referred to their highly special-
ised tertiary referral centre.

Another important observation supporting the 
association among these diseases, is that patients 
with migraine often suffer symptoms of auto-
nomic impairment [15]. The population-based 
CAMERA study demonstrates that migraineurs 
have a higher prevalence of syncope, frequent 
syncope (five or more attacks) and orthostatic 
intolerance compared to control subjects [16].

Patients with migraine have been found to 
have a dysregulation of the sympathetic activ-
ity with downregulation in the interictal period 
(associated with low plasma norepinephrine) 
leading to an up-regulation of the post-synap-
tic adrenergic receptors. This up-regulation of 
post-synaptic adrenergic receptors results in 
hypersensitivity and an exaggerated sympa-
thetic response to stimuli during the ictal period 
[15]. While there is still uncertainty regarding 
what may be the cause of this chain of events, 
this mechanism could explain why patients with 

migraine often present with symptoms such as 
nausea, vomiting, hyperhidrosis, flushing, and 
palpitations besides several other autonomic 
symptoms.

One of the reasons why migraine and PoTS 
often coexist in the same patients, may sim-
ply reside in the fact that these diseases tend to 
affect patients with similar demographic char-
acteristics: young and female [1, 17]. However, 
the prevalence of migraine in PoTS patients 
clearly exceeds the prevalence of migraine in 
the general population, the latter being 6.5% in 
male and 18.2% in female subjects [17]. This 
suggests that there are fundamental aetiological 
drivers underlying the connection between these 
two diseases rather than a mere coincidental 
co-occurrence.

Our ability to identify a clear reason for this 
association is limited by the lack of knowledge 
of the aetiology and pathophysiology of PoTS 
as well as our partial understanding of the exact 
pathophysiology of migraine. Current theories 
recognise the role of intracranial hypersensi-
tivity and deconditioning as potential linking 
mechanisms between migraine and POTS [7, 14, 
15, 18]. According to Khurana and Eisenberg, 
migraine could induce central somatic and vis-
ceral sensitization in PoTS patients [14]. It 
should also be considered that migraine and the 
other often associated PoTS comorbidities (e.g. 
chronic fatigue syndrome, fibromyalgia, hyper-
mobility syndromes) can significantly affect 
the patients’ level of physical activity and lead 
to physical deconditioning, which could be an 
important factor in the development of orthos-
tatic intolerance [15, 18].

Management of Migraine in PoTS

A diagnosis of migraine in patients with PoTS 
contributes to the overall disability; therefore, its 
treatment is essential. The management options 
for migraine are outlined in Table 2. As sug-
gested by Khurana and Eisenberg, beta-blockers 
should be considered in patients with coexist-
ing migraine and PoTS as both diseases can 
benefit from them though they have to be used 
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In 2013, Heyer et al. investigated the predic-
tive value of orthostatic headache for the diag-
nosis of PoTS in a group of adolescent patients 
who underwent tilt table testing. Of the 70 
investigated patients, 37 had a confirmed diag-
nosis of PoTS while the remaining 33 did not 
fulfil the diagnostic criteria [8]. Orthostatic 
headache was present in 89% of the patients 
with a final diagnosis of PoTS and 21% of the 
patients who did not have PoTS. According 
to their results, the report of orthostatic head-
ache could predict a diagnosis of PoTS with a 
sensitivity and specificity of 89.2% and 78.8% 
respectively. The authors also found that ortho-
static headache was typically preceded or trig-
gered by dizziness in most patients with PoTS 
[8]. These findings suggest that the presence of 
orthostatic headache should raise the suspicion 
of PoTS and trigger further investigations. As 
stated by the authors, the main limitation of this 
study is the fact that only adolescent patients 
referred for tilt table testing were included, 

judiciously as high doses can exacerbate hypo-
tensive episodes [14]. Similarly, candesartan can 
also lead to hypotension and needs to be used 
cautiously.

Orthostatic Headache in PoTS: 
A Diagnostic Challenge

Most authors reporting the prevalence of head-
ache as a symptom of PoTS do not provide an 
in-depth description of the headache character-
istics. For this reason, information regarding the 
prevalence of orthostatic versus non-orthostatic 
headache in the PoTS population is limited. 
While the presence of orthostatic headache can 
raise the suspicion of PoTS, we do not have 
enough information to decide on the predic-
tive and diagnostic value of this symptom. The 
importance of this issue is underlined by the fact 
that there are other conditions that can present 
with or mimic an orthostatic headache.

Table 2  Treatment options in the management of migraine

CGRP Calcitonin gene related peptide; NSAIDS Non-steroidal anti-inflammatory drugs; SNRI Serotonin and noradre-
nergic release inhibitors

Oral/Nasal Injectable Neurostimulation

Acute • Oral and Intranasal Triptans
• High dose NSAIDS
• Paracetamo
• Antiemetics

• Subcutaneous sumatriptan • Transcranial magnetic stimu-
lation
• External trigeminal nerve 
stimulation (Cefaly)
• Vagal nerve stimulation

Preventive • Beta-blockers: Propranolol, 
Metoprolol, Timolol, Atenolol, 
Nadolol
• Anticonvulsants: Topiramate, 
Valproate
• Tricyclics: Amitriptyline
• SNRI: Venlafaxine
• Angiotensin pathway blockers: 
Lisinopril, Candesartan
• Calcium channel blockers: 
Flunarizine
• Nutraceuticals: Riboflavin, 
Coenzyme Q10, Magnesium, 
Feverfew

• Onabotulinumtoxin A
• CGRP-pathway monoclonal 
antibodies

• External trigeminal nerve 
stimulation (Cefaly)
• Transcranial magnetic stimu-
lation
• Occipital nerve stimulation
• High cervical spinal cord 
stimulation

Transitional • Corticosteroids • Greater occipital nerve block
• Multiple cranial nerve blocks
• Intravenous dihydroergotamine
• Intravenous lidocaine
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looked at the results of the autonomic tests of a 
group of 57 patients who had a final diagnosis of 
CSF leak or PoTS. They found that orthostatic 
headache was more typical of CSF leaks than 
PoTS; this symptom was in fact present in all 
cases of CSF leak and only 27% of PoTS cases 
[19].

Graf et al. also found that every patient diag-
nosed with a CSF leak fulfilled the diagnostic 
criteria for PoTS according to head-up tilt test 
results. It is unclear why patients with a defi-
nite CSF leak should fulfil the PoTS diagnostic 
criteria although one hypothesis is that the pres-
ence of a CFS leak could be responsible for a 
significant reduction in physical activity and 
therefore lead to PoTS through a decondition-
ing mechanism. Another hypothesis comes from 
the observation that the hypermobile variant of 
Ehlers-Danlos Syndrome (hEDS) is associated 
with both PoTS and low CSF volume syndromes 
[1, 20, 21]. hEDS could have a role in the patho-
genesis of both PoTS and low CSF volume/
pressure syndromes and this would explain why 
some patients fulfil criteria for both diagnoses.

Another interesting outcome from the study 
by Graf et al. is the fact that neck stiffness was 
only present in CSF leaks patients and had 
a high specificity but low sensitivity; hence, 
the presence of neck stiffness in a patient with 
orthostatic headache could be suggestive of 
a low CSF pressure/volume syndrome rather 
than PoTS [19]. The headache location could 
also help differentiating PoTS from CSF leaks. 
According to Schievink, patients with low CSF 
pressure/volume syndromes frequently present 
with occipital headache (33%), while orthos-
tatic headache caused by PoTS seems to more 
frequently have a frontal distribution [14, 22]. 
Khurana and Eisenberg’s study reports that 
patients with orthostatic headache caused by 
PoTS tended to have a frontal, fronto-temporal 
or holocranial distribution, but not occipital [14].

While a diagnosis of PoTS can be achieved 
with relatively non-invasive investigations, 
the identification of a CSF leak (or SIH) often 
requires a number of invasive exams including 
brain and spinal MRIs, lumbar punctures and 
spinal imaging with intrathecal contrast [23]. 

therefore we do not know if these predictive 
values would be applicable to a general popula-
tion. In fact, a retrospective study by Graf et al. 
reports very different results, with a prevalence 
of orthostatic headache in PoTS of only 27% 
[19]. According to Khurana and Eisenberg 
instead, 62.5% of the patients with PoTS 
develop orthostatic headache during head-up tilt 
test [14]. These discrepancies point out the need 
for further evidence including in-depth charac-
terisation of the headache in PoTS patients.

The reason why patients with PoTS present 
with orthostatic headache is unclear. Khurana 
and Eisenberg noticed that most of the patients 
with PoTS in their study had an underly-
ing diagnosis of migraine and they suggested 
that migraine could predispose PoTS patients 
to orthostatic headache by inducing intracra-
nial hypersensitivity; however there is no clear 
evidence that patients with PoTS and orthos-
tatic headache have an underlying diagnosis of 
migraine [14]. Another interesting theory is pro-
posed by Mokri who suggests that patients with 
PoTS may be affected by a relative CSF hypov-
olemia and that this is the cause of their orthos-
tatic headache [5].

Orthostatic Headache Due to PoTS 
or Low CSF Pressure/Volume 
Syndrome?

The presence of orthostatic headache is not nec-
essarily indicative of PoTS and it is in fact a typ-
ical symptom of low cerebrospinal fluid (CSF) 
pressure/volume syndromes such as spontaneous 
and iatrogenic intracranial hypotension (SIH). 
Two authors have highlighted a significant over-
lap among these conditions and the diagnostic 
challenge that this creates [5, 19].

In a small case series, Mokri describes four 
patients with orthostatic headache due to PoTS 
who received extensive investigations for a 
suspected CSF leak before reaching a correct 
diagnosis [5]. A recent study by Graf et al., 
also highlights an overlap between the clini-
cal presentation and diagnosis of patients with 
PoTS and SIH [19]. The authors retrospectively 
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that while the majority of patients report partial 
or complete resolution of orthostatic headaches 
following management of PoTS, a minority con-
tinue to have significant orthostatic headaches 
despite optimual management of the cardiovas-
cular symptoms and the exclusion of a CSF leak.

Management of Orthostatic Headache 
Due to Spontaneous Intracranial 
Hypotension

In patients suspected of having SIH, mag-
netic resonance imaging (MRI) of the brain 
with gadolinium in considered the initial study 
for confirming the presence of SIH. MRI does 
not detect all cases of SIH and does not usu-
ally demonstrate the location of the CSF leak. 
Lumbar puncture with a low CSF opening 
pressure (<60 mmH2O) is a confirmatory find-
ing, but intracranial pressure can be normal 
in patients with SIH. Therefore, most experts 
defer lumbar puncture in the workup of SIH. 
Computed tomographic (CT) myelography is 
generally considered the best test to detect dural 
defects causing CSF leak, though dynamic CT 
myelography, magnetic resonance myelogra-
phy and digital subtraction myelography can be 
helpful for localising the site of the CSF leak 
[24, 25].

Acute (<2 weeks), uncomplicated SIH is 
initially managed conservatively, with bedrest. 
Epidural blood patch (EBP) is considered first-
line therapy in people who fail to respond to con-
servative management. Lumbar blood patches are 
often effective even with more cranially located 
defects. Blood patches targeted at the site of the 
CSF leak, fibrin sealant, or surgical closure may 
be needed in refractory cases [24, 25].

Headache in Patients 
with Hypermobility Syndromes 
and PoTS

The term hypermobility syndrome indicates 
conditions characterised by a heritable connec-
tive tissue disorder causing joint hypermobility 
and other manifestations of excessive connec-
tive tissue laxity [26]. Hypermobility syndromes 

Moreover, an incorrect diagnosis of SIH could 
lead to invasive procedures such as multiple 
epidural blood patches. For these reasons, it is 
paramount that any physician taking care of a 
patient with suspected low CSF pressure/volume 
syndrome should consider a potential diagnosis 
of PoTS, especially if other typical symptoms or 
demographic characteristics of PoTS are present 
and initial imaging investigations for SIH did 
not demonstrate positive findings.

In summary, the presence of orthostatic head-
ache in a patient with suspected PoTS can cre-
ate a diagnostic challenge for the physician. 
According to the available evidence and the 
authors’ experience the following conclusions 
can be drawn:

• Low CSF pressure/volume syndromes are an 
important differential diagnosis in patients 
with suspected PoTS manifesting orthostatic 
headache.

• In patients with suspected CSF leaks, PoTS 
should be investigated before any invasive 
procedure, especially if other characteristics 
point towards a diagnosis of PoTS.

• PoTS and low CSF pressure/volume syn-
dromes can coexist in the same patient [19].

Management of Orthostatic Headache 
Secondary to PoTS

The management of orthostatic headache sec-
ondary to PoTS is centred on treating the cardio-
vascular symptoms with lifestyle advice, volume 
expansion and pharmacological treatments (see 
chapters “Non-pharmacological Management 
(Hydration, Diet and Compression), Exercise 
Guidelines for Postural Tachycardia Syndrome, 
Medication in PoTS: An Overview, Midodrine, 
Ivabradine, β-blockers, Fludrocortisone, 
Octreotide, Clonidine and Other Medications: 
Desmopressin, Pyridostigmine Erythropoietin 
and SSRIs”). The outcomes of these treatments 
have not been systematically studied and thus 
are scarcely reported in the literature. Mokri and 
Low reported in their small case series of four 
patients that patients respond at least partially to 
these treatments [5]. The authors experience is 
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clinician identify a potential component of TMJ 
disorder headache in patients with PoTS and 
treat them accordingly.

Headaches Due to Disorders of the Neck

Cervical spine hypermobility has been 
reported to cause cervicogenic headache [25]. 
Cervicogenic headache is caused by a disor-
der of the cervical spine and its component 
bony, disc and/or soft tissue elements, usually 
but not invariably accompanied by neck pain. 
The ICHD-3 diagnostic criteria require clini-
cal and/or imaging evidence of a disorder or 
lesion within the cervical spine or soft tissues 
of the neck, known to cause headache [29]. 
Furthermore, the headache needs to develop 
in temporal relation to the cervical disorder, 
improve or resolve in parallel with improvement 
of the cervical disorder, demonstrate reduction 
in range of motion of the neck, worsen with 
provocation manoeuvres and be abolished fol-
lowing a diagnostic cervical block. Though a 
diagnosis of cervicogenic headache is frequently 
made in patients with hypermobility syndromes 
and neck pain, the authors’ experience is that the 
vast majority do not fulfil the ICHD-3 diagnostic 
criteria as the neuroimaging is normal.

The cause of headaches and neck pain in 
these patients may be compression of the lesser 
and greater occipital nerves by the posterior cer-
vical muscles and their fascial attachments at the 
occipital ridge with subsequent local perineural 
inflammation [30]. The resulting pain is typi-
cally in the sub-occipital and occipital location, 
and, via anatomic connections between extrac-
ranial and intracranial nerves, may radiate fron-
tally to trigeminal-innervated areas of the head. 
Migraine-like features of photophobia and nau-
sea may occur with frontal radiation. Occipital 
allodynia is common, as is spasm of the cervi-
cal muscles. Centrally acting membrane-sta-
bilizing agents, which are often ineffective for 
migraine, are similarly generally ineffective for 
these patients. Extracranially-directed treatments 
such as occipital nerve blocks, cervical trigger 

have been found to be associated with PoTS in 
25–49% of the patients and have been reported 
as one of the most common comorbidities in 
patients with PoTS [1, 20]. This association 
has important clinical implications as patients 
affected by hypermobility syndromes often pre-
sent with headaches and this can further compli-
cate the clinical picture of a patient with PoTS 
[27].

Castori et al. highlight the diverse poten-
tial causes of headache in patients with Ehlers-
Danlos Syndromes (EDS) [27]. Besides 
migraine and orthostatic headache secondary to 
PoTS and CSF leaks, headaches can occur in 
EDS patients due to tension-type headache, new 
daily persistent headache, medication-overuse 
headache, temporomandibular dysfunction and 
cervicogenic headache. These conditions should 
therefore be considered as potential causes for 
headache in patients with PoTS especially if the 
patients present signs of joint hypermobility or 
connective tissue disorders.

Temporomandibular Dysfunction

EDS is believed to cause TMJ disorders through 
TMJ hypermobility and instability, however 
strong evidence supporting a clear associa-
tion between the two conditions is still lacking 
[28]. The prevalence of TMJ disorders in PoTS 
was investigated by Durham et al. in 2015. The 
authors assessed the presence of a temporoman-
dibular disorder in a cohort of 36 patients with 
confirmed diagnosis of PoTS and they found 
that 47% of the patients had a positive screening 
result. Though not all their patients complained 
of headache (only 39% reported headache) and 
only 2 patients had a diagnosis of EDS, they 
concluded that temporomandibular disorders are 
prevalent in PoTS patients [4].

Headache due to TMJ disorders should be 
suspected when the pain is aggravated by jaw 
motion or provoked by physical examination 
(temporalis muscle palpation, passive move-
ment of the jaw), especially if located tempo-
rally [29]. These characteristics could help the 
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point injections and botulinum toxin which act 
primarily in the periphery and may provide sub-
stantial relief.

Conclusions

Headache is an extremely common symptom in 
patients with PoTS and can have diverse patho-
genetic mechanisms: it can be a manifestation of 
PoTS or due to a variety of other primary and 
secondary causes of headache. Diverse headache 
forms can occur at different times and can occa-
sionally occur at the same time in patients with 
PoTS. For these reasons, the differential diag-
nosis can be quite challenging in PoTS patients. 
This review has highlighted the need for in-
depth assessment of the headache phenotype 
in PoTS to aid the diagnostic process, thereby 
to guide the treatment and ultimately improve 
patient outcomes and quality of life. Finally, fur-
ther research is needed to investigate the patho-
physiology of the various headache disorders 
in PoTS and hypermobility syndromes as well 
as develop better treatments as there is a large 
unmet need.
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Postural Tachycardia 
Syndrome and Sleep

Guy Leschziner

Introduction

Sleep complaints and fatigue are almost univer-
sal in patients with postural tachycardia syn-
drome (PoTS). Fatigue is reported by 97% of 
patients, 83% of patients complain of unrefresh-
ing sleep and over 60% complain of sleep main-
tenance and sleep initiation difficulties [1].

Despite these extremely high levels of subjec-
tive sleep disturbance, the relationship between 
PoTS and sleep disturbances remain unclear. Very 
few patients with sleep disturbance seek out medi-
cal attention for this aspect of their condition, and 
there is often discordance between subjective 
reports of sleepiness and objective testing. Some 
authors conclude, usually from relatively small 
studies, that PoTS patients differ from normal con-
trols only in their subjective reports of fatigue and 
sleepiness, but not objective measures of sleepiness 
or sleep architecture, and that sleep-related com-
plaints in PoTS are not directly attributable to the 
underlying pathophysiology of the condition, but 
are multifactorial, related to chronic pain, fatigue, 
bladder disturbance or other symptoms [2, 3].

Nevertheless, some studies have demon-
strated objective differences. PoTS patients 
have been shown to have a higher proportion of 
stage II sleep, and differential changes in heart 
rate variability in different stages of sleep [4]. 
Our own research has demonstrated an associa-
tion between subjective sleepiness and enhanced 
activation of the parasympathetic nervous sys-
tem [5], although once again we did not find evi-
dence of objective sleepiness or abnormal sleep 
architecture. A further study has once again 
confirmed no significant differences in objective 
measures of sleep in PoTS patients but has sug-
gested that sympathetic activation may contrib-
ute to the hyperarousal state and thus worsen the 
subjective experience of sleep [6].

Despite the dearth of systematic evidence 
in this field, clinical experience suggests that 
improvement of sleep quality in PoTS firstly 
improves quality of life, but may also improve 
other facets of the condition, such as pain, 
fatigue, headache and mood disturbance. 
Therefore, in a condition where successful treat-
ment can be problematic, efforts to identify and 
treat sleep disturbance may result in significant 
improvements.

Types of Sleep Disturbance in PoTS

It once again needs to be stressed that the evi-
dence base for sleep disturbance in PoTS 
remains extremely limited. Therefore, much of 
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alternative cause. Clinical features that should 
raise the possibility of an alternative underly-
ing cause include high measures of subjective 
sleepiness during the day, reports of napping 
(rather than simply resting) by family members, 
or a very late waking time. Restless legs syn-
drome (RLS) is an extremely common finding 
in the PoTS population, although it should be 
stressed that it is extremely common in the gen-
eral population too [8]. This neurological disor-
der is characterised by an urge to move the body, 
typically but not invariably the legs, often asso-
ciated with unpleasant sensations. The urge to 
move is under circadian influence and is worse 
in the evening or night. It is also worsened by 
immobility and improved either partially or tran-
siently by movement of the affected body parts. 
Patients will often describe involuntary move-
ments of the lower legs, either in wakefulness in 
the evening, or arising from sleep, termed peri-
odic limb movements. The sensory symptoms 
often give rise to sleep initiation issues, and the 
periodic limb movements of sleep can generate 
sleep maintenance insomnia or extremely unre-
freshing sleep. In contrast to patients with psy-
chophysiological insomnia however, patients 
with RLS will often report high levels of sleepi-
ness in the day, since the RLS symptoms are 
absent or far less pronounced in the daytime. In 
practice, RLS may sometimes be difficult to dis-
tinguish from the positional discomfort patients 
with PoTS often complain of, but the clear cir-
cadian fluctuation of symptoms should be a red 
flag for RLS.

Another cause of apparent sleep initia-
tion insomnia is delayed sleep phase syndrome 
(DSPS), a circadian rhythm disorder where the 
onset of sleepiness and wakefulness is much 
later than the general population. Patients will 
not feel sleepy until late in the night or even in 
the small hours of the morning, and will want 
to wake up extremely late, sometimes well into 
the afternoon. When allowed to do so, they 
will sleep for a normal duration, and will be 
refreshed on waking. Thus, while overtly exhib-
iting sleep initiation difficulties, they will simply 
state they do not feel tired or sleepy at “normal” 
bedtime. DSPS may be genetically driven but 

this chapter relates to clinical experience in the 
sleep clinic setting. Obviously, patients with 
PoTS may also experience any of the sleep 
pathologies that the normal population experi-
ences, but there are certain sleep pathologies 
that seem to be more frequently encountered in 
patients with PoTS.

Patients with PoTS exhibit a number of pat-
terns of sleep disturbance. Perhaps the com-
monest is that of sleep initiation insomnia [7]. 
This group of patients typically describes lying 
awake in bed for hours, with major difficulty 
getting off to sleep. They will complain of a rac-
ing, active mind, mental rumination and steadily 
increasing anxiety about the process of getting 
off to sleep. On waking, they will feel extremely 
unrefreshed and fatigued. Despite the extremely 
short sleep opportunity and profound feelings 
of sleepiness, they will find it impossible to nap 
during the day. This group of patients is usu-
ally suffering from psychophysiological insom-
nia, the commonest form of insomnia seen in 
the general population. Psychophysiological 
insomnia is characterised by frustration with the 
process of going to sleep, hyperarousal, rumina-
tion and anxiety and pre-occupation regarding 
the process of going to sleep. The hyperarousal 
state is often driven by a vicious cycle of anxi-
ety regarding the daytime consequences of poor 
sleep, resulting in patients trying to actively 
manage the problem of going to sleep, which 
worsens failure of mental relaxation and exac-
erbates the insomnia. The state of hyperarousal 
is present during the day as well, which explains 
the difficulty napping during the day as well. It 
is easy to understand why patients with PoTS, 
who may already be in a hyperarousal state, are 
more likely to develop this disorder.

Occasionally some patients may complain 
of severe sleep initiation or sleep maintenance 
insomnia, but objective measurements of sleep 
architecture show normal sleep. This is termed 
paradoxical insomnia, or sleep state mispercep-
tion. It is not clear if this is related to lack of 
awareness of sleep state or due to an underlying 
sleep pathology that remains to be elucidated.

Less frequently, patients with PoTS may 
complain of sleep initiation insomnia due to an 
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may also be related to bright light exposure late 
in the evening.

A second pattern of sleep disturbance is that 
of severe sleep maintenance insomnia. Once 
again, the commonest cause in PoTS is that of 
a hyperarousal state generating psychophysi-
ological insomnia, although again, periodic limb 
movements of sleep (PLMS) may be an alter-
native explanation. Whilst PLMS are almost 
invariably found in the presence of symptoms 
of RLS, some 50% of patients with PLMD will 
not exhibit RLS symptoms. Thus, the presence 
of sleep maintenance insomnia in the context of 
subjective excessive daytime sleepiness, even 
in the absence of symptoms of RLS, should 
lead the clinician to consider the possibility 
of PLMS. Other causes of sleep maintenance 
insomnia include joint pain, urinary frequency 
or waking with a tachycardia in a high arousal 
state, but also non-PoTS-associated condi-
tions such as obstructive sleep apnoea (OSA). 
Anecdotally, OSA in PoTS is rarer than in the 
general population, perhaps largely due to OSA 
being associated with male gender, increasing 
age, and obesity.

The final pattern of sleep disturbance seen 
is that of excessive sleepiness during the day in 
the context of a very prolonged unbroken sleep 
duration. In the absence of PoTS or any other 
medical or psychiatric condition, this would be 
termed idiopathic hypersomnia, an extremely 
rare central hypersomnia. In the context of PoTS 
however, this may also represent psychiatric 
hypersomnolence related to depression [9], or 
sleep state misperception; patients may report 
unbroken deep sleep during the night or in day-
time naps, but objective PSG recordings may 
show EEG evidence of wakefulness.

Evaluation of Sleep Disturbance 
in PoTS

For the vast majority of patients, investigations 
are unnecessary and unsuccessful. Patients with 
psychophysiological insomnia tolerate polysom-
nography poorly, and frequently do not sleep at 
all when admitted for sleep studies. Referral to 

a sleep service and polysomnography should 
be reserved for patients in whom there is a real-
istic expectation of identifying specific sleep 
pathology. Therefore, patients who describe 
poor quality sleep or insomnia, in the absence 
of excessive daytime sleepiness or any other 
features suggestive of other sleep pathologies, 
should not be routinely investigated. A num-
ber of validated questionnaires can be used 
to assess sleep quality, to identify particular 
sleep problems or to assess subjective sleepi-
ness, with the Epworth sleepiness scale and the 
Pittsburgh Sleep Quality Index being amongst 
the most widely used. The mean Epworth score 
in the general population is 5 or 6, and typically 
patients with organic sleep pathology will have 
scores above this, while patients with psycho-
physiological or paradoxical insomnia will usu-
ally describe Epworth scores of less than this.

Restless legs syndrome is a clinical diag-
nosis and does not rely upon polysomnogra-
phy, although a sleep study may be helpful 
in determining the presence of periodic limb 
movements in sleep in a patient in whom the 
nature of their sensory symptoms is uncer-
tain. Investigations in RLS should be directed 
towards excluding underlying causes of sympto-
matic RLS, such as ensuring that renal function 
is normal and that iron levels are adequate. It is 
recommended that patients with RLS should be 
treated with iron supplementation until serum 
ferritin is over 75 mcg/L, since lower levels are 
associated with the condition and increase the 
risk of augmentation—where dopa agonists in 
the long-term drive a worsening of the RLS—
resulting from treatment [8].

Polysomnography is indicated for patients 
with suspected periodic limb movement disorder 
in the absence of RLS, sleep apnoea, unusual 
behaviours at night (parasomnias), or who are 
excessively sleepy during the day. If a central 
hypersomnia is being considered, polysomnog-
raphy should be performed alongside a multiple 
sleep latency test, to confirm objective exces-
sive sleepiness. Actigraphy should be performed 
for those patients in whom a circadian rhythm 
disorder is being considered. Patients will fre-
quently utilise commercially available sleep 
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patients with significant day-time sleepiness, 
iatrogenic causes should be borne in mind. 
Gabapentin, pregabalin, tricyclics and opiates in 
particular can cause significant sedation, and the 
relationship between dose and sedating effect is 
extremely variable between individuals.

Prescribing in PoTS should be undertaken 
cautiously and slowly. For sleep initiation or 
sleep maintenance insomnia without any under-
ling organic sleep pathology, melatonin can be 
prescribed as an adjunct to CBTi. It is extremely 
well-tolerated, and while not effective for all, 
can have dramatic effects on sleep for some. 
There is no significant evidence of dependency, 
and in view of its safety profile and tolerability, 
should be considered first-line, if pharmacologi-
cal therapy is being considered. Melatonin can 
also be helpful in the shifting of sleep phase, 
but this should be undertaken by an experi-
enced sleep physician, as the direction of shift 
is dependent on when the melatonin is given in 
relation to the patient’s endogenous circadian 
rhythm. Light therapy may also help, particu-
larly when delivered by a high lux light box, 
but once again, timing is crucial. For RLS, dopa 
agonists are licensed in the UK, but gastrointes-
tinal side effects and postural hypotension can 
limit their use in PoTS. Drugs such as gabap-
entin and pregabalin can very extremely useful 
in this context, since they are effective for RLS, 
periodic limb movements of sleep, help muscu-
loskeletal pain associated with sleep, and have 
beneficial effects on sleep architecture. Where 
migraine is a prominent feature alongside sleep 
disturbance, pizotifen may provide some mild 
sedative effects and is usually well tolerated in 
PoTS.

The use of stimulant drugs should be very 
limited in PoTS. Drugs such as modafinil and 
methylphenidate have a role in patients with 
demonstrable objective excessive sleepiness, 
for which no other cause has been identified, 
but do not generally have any major impact on 
fatigue and should not be used in this context. 
Furthermore, the side effect profile of these 
drugs is particularly problematic in PoTS, as 
they can cause tachycardia, anxiety, headache, 

trackers. While these are generally not recom-
mended for insomnia, due to concerns regarding 
reliability of sleep staging and detecting awak-
enings at night, they can be helpful in determin-
ing sleep onset and sleep offset. Therefore, they 
may provide useful data when evaluating for a 
circadian rhythm disorder.

Treatment of Sleep Disturbance 
in PoTS

Due to the nature of this multifaceted disorder, 
pharmacological management of sleep disorders 
can exacerbate other aspects of PoTS and the 
treatment of other symptoms can dramatically 
influence sleep. Therefore, perhaps even more 
so than in the general population, sleep issues 
should be dealt with using  non-pharmacological 
therapies as much as possible. For any patient 
with a sleep disorder, the first step is to ensure 
optimal sleep hygiene. Patients should be made 
aware of the behaviours that improve and 
reduce the quality of sleep. Alcohol, caffeine 
and tobacco should be avoided, a relaxing bed-
time routine should be initiated, and exposure 
to bright light in the evening should be limited; 
the latter is of particular importance for patients 
with delayed sleep phase syndrome. The bed-
room should be a place for sleep, not any other 
activities, with an aim of building positive asso-
ciations between the bedroom environment 
and sleep. Evidence points to cognitive behav-
ioural therapy for insomnia (CBTi) being a use-
ful  non-pharmacological therapy, with better 
long-term outcomes than drug-based treatments 
in isolation. Anecdotally, patients with PoTS 
respond to CBTi extremely well.

Efforts should be made to remove drugs that 
may worsen sleep. Particular culprits in PoTS 
include drugs that are prescribed for mood dis-
turbance, pain relief and co-morbid mast cell 
activation syndrome. Antidepressants, beta 
blockers and antihistamines can precipitate or 
worsen RLS, and if RLS and associated sleep 
initiation insomnia are very prominent, the 
use of these drugs should be reconsidered. For 
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palpitations and gastrointestinal problems. They 
should only be initiated after a full evaluation by 
an experienced sleep clinician.

Conclusions

Sleep disturbance is an extremely common fea-
ture in PoTS, although the association between 
PoTS and specific sleep pathologies remains 
under investigation. Addressing these sleep com-
plaints however can improve multiple aspects 
of PoTS, including fatigue, pain, headache and 
mood. A proper evaluation of sleep is important, 
and management needs to be appropriately tai-
lored to avoid exacerbating other features of the 
syndrome.
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Investigations 
of Endocrinopathies

Abbi Lulsegged

Introduction

The symptoms of neurocardiogenic conditions 
such as postural tachycardia syndrome overlap 
with a considerable number of endocrine condi-
tions. Some of these such as Addison’s disease 
and phaeochromocytoma are fortunately rare, but 
nevertheless important diagnoses. Others, such as 
thyroid dysfunction, are more common and likely 
to contribute to the symptom burden. The aim of 
this chapter is to familiarise health care practi-
tioners with these endocrine conditions, including 
investigations employed to rule them out.

Phaeochromocytoma/Paraganglioma

Definition
Phaeochromocytoma: tumour arising from 
adrenomedullary chromaffin cells, commonly 
secrete catecholamines (epinephrine, norepi-
nephrine or dopamine).

Paraganglioma: tumour arising from extra-
adrenal chromaffin cells, which may or may not 
secrete catecholamines.

Very rare: incidence approximately 1 per mil-
lion per year. The incidence seems to be rising, but 
possibly as a result of better detection rates [1].

The vast majority arise from the adrenal 
glands and are benign. Extra-meduallary phaeo-
chromocytomas are more likely to be malignant.

Clinical Features
Approximately 50% are asymptomatic. Clinical 
features include palpitations, high blood pres-
sure, fever, headaches, breathlessness, tremor, 
and pallor. These symptoms can be episodic.

Spells can be triggered by certain events such 
as surgery, anaesthesia, labour, medications 
(sympathomimetics such as ephedrine, opioids, 
anti-depressants, neuromuscular blockers).

Beta-blockers can precipitate a crisis if they 
are given without adequate alpha-blockade.

Clinical pearls:

1. The triad of palpitations, sweating and head-
aches in a patient with hypertension increases 
the likelihood of a phaeochromocytoma [2].

2. Patients might have episodic surges in blood 
pressure.

Screening
Case finding (who to screen) [3]:

• Patients with signs and symptoms, especially 
with hypertension, which might be episodic.

• Adrenal incidentaloma, with or without 
hypertension.

• Family history of phaeochromocytoma or 
paraganglioma.
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Discuss with Biochemistry Consultant or 
Endocrinologist if any doubt. Do not discon-
tinue medications without consulting with 
prescribing physician where relevant.

Neuroendocrine Tumours

Definition
Heterogenous group of tumours that arise from 
enterochromaffin cells of the endocrine and 
nervous systems. They are classified according 
to the degree of differentiation as opposed to 
anatomical location.

Carcinoid tumours are those that arise from 
the gastrointestinal tract cells. The majority of 
carcinoid tumours are discovered coincidentally, 
for example, during surgery, are non-functional 
and do not produce symptoms. Approximately 
10% however secrete hormones and peptides 
associated with symptoms.

Carcinoid Syndrome
Characterised by classical signs and symptoms 
associated with excessive production of hor-
mones and peptides by cells of the gastroin-
testinal tract but especially those of the small 
intestine. Functional tumours of the jejunoileum, 
appendix and ascending colon (“mid-gut”) are 
most likely to over secrete Serotonin.

Clinical features

Flushing (typically dry, pink to purple in colour 
affecting the face and upper torso, lasting a few 
minutes to a few hours)

Palpitations
Abdominal pain
Diarrhoea
Wheezing
Hepatomegaly
Anaemia
Congestive cardiac failure
Valvular disorders—tricuspid regurgitation.

Carcinoid crises are characterised by labile 
blood pressure, palpitations, tachycardia, pro-
found flushing and wheezing.

• Past history of phaeochromocytoma or 
paraganglioma.

• Young patient (<40 years of age) with 
hypertension.

• Resistant hypertension (BP still elevated 
despite taking 3 or more antihypertensive 
agents).

Measurement
Single fractionated Plasma metanephrines is 
the test of choice [4].

Do not request urinary catecholamines 
or Vanillylmandelic Acid as they are not as 
accurate.

24-hour urine fractionated metanephrines are 
an acceptable alternative.

Procedure for Measurement of Plasma 
Metanephrines
The patient should fast overnight.

Encourage the patient to avoid the following 
for 48 hours prior to the test: caffeine, decaffein-
ated products, spicy food, bananas, cheese, cit-
rus fruits, alcohol, cigarette smoking.

Patient must be supine for a minimum of 
30 minutes before blood is taken.

Highly sensitive test—increased risk of false 
positive.

Refer urgently to Endocrinology if positive.

False Positives
Note medications associated with elevated 
plasma metanephrines, especially certain anti-
depressants and midodrine [5].

Other medications include:

Falsely elevated normetanephrine: paraceta-
mol, alpha-methyldopa, tricyclic antidepres-
sants, MAO inhibitors, cocaine, sulphasalazine, 
levodopa

Falsely elevated metanephrines: buspirone, 
MAO inhibitors, sympathomimetics, cocaine, 
levodopa.
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Investigations
Serum Chromogranin A(CgA): glycoprotein 
expressed by neuroendocrine cells. CgA can 
be elevated in a wide range of neuroendocrine 
conditions. However, it is also elevated by renal 
failure, proton pump inhibitors and by non-
functioning tumours so caution is required when 
interpreting results [6].

Serum chromogranin B: this is rarely ele-
vated in the presence of a neuroendocrine 
tumour when the CgA might be normal and so 
the two are requested together especially if there 
is a strong index of suspicion. It is less likely to 
be affected by renal impairment.

24-hour urine for 5-Hydroxyindoleacetic acid 
(5HIAA). Elevated levels have a high sensitiv-
ity and specificity. Needs to be collected in an 
acidic container. 5-HIAA are affected by certain 
foods and substances which should be avoided 
for at least 48 hours prior to collection. These 
include pineapples, plums, kiwi, avocados, 
bananas, walnuts, tomatoes, nicotine, paraceta-
mol, 5-HTP supplements and cough remedies.

Management
Refer to Endocrinology if CgA or 24-hour uri-
nary 5HIAA are elevated or the patient has signs 
and symptoms.

Adrenal Insufficiency

Potentially catastrophic condition.

Presentation includes abdominal pain (which 
might be unexplained), nausea, dizziness, light-
headedness, weight loss, increased pigmentation 
(especially of sun-exposed areas), salt craving.

Clinical features of an acute adrenal cri-
ses include collapse, significant weakness, 
hypotension, reduced level of consciousness, 
acute abdominal signs including guarding and 
tenderness.

Contiguous deletion of CYP21A2 (gene that 
codes 21-OH hydroxylase implicated in adre-
nal deficiency associated with congenital adre-
nal hyperplasia) and TNXB (gene that codes for 

a connective tissue extracellular matrix protein 
implicated in a joint hypermobility syndrome) 
has been described and provides a potential 
important connection [7].

One of the most common causes of adrenal 
deficiency is exogenous steroids—including 
inhaled steroids and this is under-appreciated.

Screening
If there is any doubt, test adrenal function.

Signs and symptoms:

Hypotension especially if it is associated with 
abnormal biochemistry—see below.

Fever, abdominal pain, excess pigmenta-
tion, hypoglycaemia (particularly in younger 
patients).

Potential clues from Biochemistry and hae-
matology results:

Hyponatraemia—can be a late feature
Hyperkalaemia (not present in hypoadrenalism 
caused by pituitary/hypothalamic disease or sec-
ondary to exogenous steroids)

Normocytic anaemia
Metabolic acidosis
Eosinophilia.

Testing
Serum cortisol:

Ideally after an overnight fast.
Exclude exogenous steroid use which can be in 
the form of a recent intra-articular injection (and 
therefore, the patient might not think to report 
this), steroid creams, inhalers and tablets.

Importantly, the blood test needs to be taken 
before 9 a.m. in view of the circadian rhythm.

Hormone replacement therapy or oral contra-
ceptive pill can increase total cortisol levels and 
needs to be discontinued for 6 weeks before test-
ing. Ensure adequate contraceptive is substituted 
if this is advised.
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weakness. Therefore, testing for thyroid dys-
function is almost mandatory.

Hypothyroidism is relatively common.
Routinely, enquire about a family history or 

past medical history of thyroid dysfunction.

Investigations
Thyroid function tests to include thyroid anti-
bodies if family history or past medical history 
of thyroid dysfunction present.

Possible Abnormalities
Subclinical hypothyroidism or very early pri-
mary thyroid failure.

TSH elevated; normal free thyroid hormone/
within reference range.

Not all cases require treatment as elevations 
in TSH can be transient.

Therefore, arrange repeat tests in the first 
instance.

Treatment indicated if TSH persistently ele-
vated >10–20 miu/L, especially if associated 
with positive thyroid antibodies.

Overt Hypothyroidism
Elevated TSH associated with reduced free T4 
level.

Treatment almost always indicated.
This can be initiated in primary care with 

the advice to titrate the dose of Levothyroxine 
to achieve an TSH no higher than 3 miu/L in 
young patients and no higher than 4.5 miu/L in 
elderly patients.

Isolated Hypothyroxinaemia
Differential diagnoses include assay interfer-
ence, central hypothyroidism e.g. secondary 
to pituitary tumour (and therefore a potentially 
important cause) and iodine deficiency.

Discuss with/refer to Endocrinology if con-
firmed on repeat test.

Referral to, or discussion with Endocrinology 
is indicated in the following scenarios in which 
the thyroid function tests are abnormal:

(1)  Unusual thyroid function tests e.g. low free T4 
but normal TSH or raised TSH and free T4.

(2) Female planning pregnancy.
(3) Patients with pre-existing cardiac disease.

Interpretation:

Pre-9 a.m. cortisol readings below 
140 nmol/L—hypoadrenalism likely. Refer 
urgently to Endocrinology. Also, refer for 
admission urgently if patient is unwell, vomiting 
or has diarrhoea. In these circumstances imme-
diately administer hydrocortisone 100 mg IM 
stat.

In one study, a basal cortisol less than 
420 nmol/L had 100% sensitivity and 54% spec-
ificity for failing a short synacthen test while a 
baseline cortisol below 142 nmol/L had a 100% 
specificity and 35% sensitivity for failing the 
short synacthen test [8].

Therefore, a short synacthen test is unnec-
essary if the baseline cortisol taken at 9 a.m. is 
above 420 nmol/L. A pre-9 a.m. cortisol value 
between 140 and 420 lies in the “grey zone” and 
it is important to assess each case individually. A 
low threshold for referring for a short synacthen 
test should be considered for those with unusual 
features such as unexplained abdominal com-
plaints, unintentional weight loss and/or hyper-
pigmentation. If there is any doubt, discuss with 
Endocrine colleagues.

If in doubt, discuss with Endocrinology

Protocol for Short synacthen test:
0900: Take blood for cortisol and ACTH.
Give Tetracosactride (ACTH) 250 mcg intrave-
nously (can be given intramuscularly) [9].
0930: Take blood for 30-minute cortisol.
1000: Take blood for 60-minute cortisol.
Interpretation of short synacthen test:

Peak cortisol level below 500 nmol/L at 
30 minutes or 60 minutes requires referral to 
Endocrinology.

Thyroid Dysfunction

A lot of the symptoms attributable to PoTS 
overlap with symptoms of thyroid dysfunction. 
This includes cold intolerance, difficulty regulat-
ing body temperature, palpitations, fatigue and 
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Alternative: 5-hour Prolonged Oral Glucose 
Tolerance Test [11].

Needs to be performed with trained, ideally 
experienced nurse in attendance.

Do not perform the test in patients with a his-
tory of, or suspicion of, periodic paralysis. Refer 
to Endocrinology if any doubt.

Cautions
Patients with history of heart disease, epilepsy 
or suspected epilepsy.

Encourage patients to remain hydrated before 
and during the test, otherwise there is a high 
likelihood of worsening PoTS-related symptoms 
during the test.

Treatment
Avoidance, especially, of high glycaemic index 
foods.

Ideally, a low carbohydrate, high fat diet is 
excellent for rapidly controlling symptoms of 
reactive hypoglycaemia. Persistence of symp-
toms after 4 weeks of implementing a very low 
carbohydrate diet is unlikely to be due to reac-
tive hypoglycaemia.

Caution with Low Carbohydrate Diet
Transient side effects during the first 2 weeks 
including osmotic diuresis, constipation, weak-
ness, irritability and headaches.

Patients with histamine intolerance.
Pre-existing fat malabsorption.

Refer
Patients with symptoms suggestive of spontane-
ous hypoglycaemia (to exclude rare causes such 
as insulin producing tumour).

Persistent symptoms despite implementing 
treatment.

Difficulty with implementing diet.
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(4)  Medication induced thyroid dysfunction e.g. 
amiodarone or immune modifying drugs.

(5) Patients with a goitre.
(6)  Suspected viral thyroiditis (neck tenderness, 

raised inflammatory markers, abnormal thy-
roid function tests).

(7)  Suspected adrenal dysfunction—do not start 
thyroxine until this has been confirmed and 
treated.

Reactive Hypoglycaemia

Definition
Four key components:

1. Hypoglycaemia, ideally, measured by lab 
glucose. The exact cut-off for hypoglycae-
mia will vary but typically laboratory glucose 
below 3 mmol/L

2. Presence of symptoms subdivided into (i) 
adrenergic symptoms such as palpitations, 
sweating, tremor, anxiety and (ii) neurogly-
copenic/cholinergic including confusion, 
blurred vision, fatigue, hunger pangs, sensory 
symptoms.

3. Onset of hypoglycaemia and symptoms fol-
lowing a precipitating meal.

4. Resolution of symptoms with correction of 
hypoglycaemia.

Importance
1. Anecdotal experience that reactive hypogly-

caemia is common in patients with PoTS. 
Discriminating questions include dips in 
energy levels mid-morning and/or mid-after-
noon (can be profound) and sugar cravings/
improvement in symptoms on consuming 
carbohydrate based snacks [10].

2. Signs and symptoms considerably overlap 
with those of PoTS including pallor.

3. Likely significant cause of symptom burden.
4. Addressing condition is potentially 

rewarding.

Testing
Recommended gold standard test: Mixed Meal 
5-hour prolonged glucose tolerance test.
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Postural Tachycardia 
Syndrome and the Gut

Alicia Green and Asma Fikree

Introduction

Patients with PoTS can experience multiple 
gastrointestinal (GI) symptoms. Some of these 
symptoms occur in the upright position and 
improve with lying down, others are not related 
with the orthostatic challenge. General lifestyle 
modifications recommended in patients with 
PoTS could improve GI and non-GI symptoms. 
Moderate to severe postprandial GI symptoms 
in patients with PoTS may lead to reduced food 
intake that could cause nutritional deficiencies. 
In this case, nutritional assessment is recom-
mended. Gastrointestinal investigations and 
management are indicated when GI symptoms 
are severe and impact significantly on quality of 
life.

Key Points

• PoTS is associated with a range of gastro-
intestinal (GI) symptoms affecting any part 
of the gut, most commonly abdominal pain, 
nausea, bloating and altered bowel habit.

• GI dysmotility is common in patients with 
PoTS—this does not appear to be the sole 
cause of GI symptoms.

• Organic conditions which may mimic symp-
toms of PoTS e.g. phaeochromocytoma, 
carcinoid, adrenal insufficiency and thyroid 
disease need to be considered and excluded 
before diagnosing functional GI disorders in 
PoTS.

• The presence of flushing, diarrhea, nausea 
and multiple intolerances may be a sign of 
underlying mast cell dysfunction and treat-
ment with antihistamines and mast cell stabi-
lisers should be considered.

• GI physiology testing can help in refractory 
cases to define the GI phenotype and guide 
management strategies.

• There are no established guidelines for 
the management of GI symptoms in 
PoTS and patients are therefore treated 
symptomatically.

Symptoms

Gastrointestinal Symptoms in PoTS
Gastrointestinal disturbances are common in 

patients with a prevalence of 70–90% [1–6]. 
More than two-thirds of the patients expe-
rience nausea (which can be refractory), 
abdominal pain, (which can be persistent) 
bloating and constipation. Around 50% of 
patients present with heartburn and diarrhoea. 
The most common symptoms are shown in 
Table 1.
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bowel syndrome (IBS) or underlying dysmo-
tility. These would not be relieved by treating 
the PoTS and instead management would be 
directed at managing symptoms (e.g. pain) or 
pathology e.g. dysmotility. Consequently, it is 
crucial to differentiate whether the GI symp-
toms in patients with PoTS are related or not 
with the orthostatic challenge as the manage-
ment would differ in each case [9].

Course of GI Symptoms 
and Associated Complications

Although most patients experience that their 
symptoms either improve or remain stable over 
time, 40% of patients describe that symptoms 
worsen over the years [5]. The presence of gas-
trointestinal and other non-orthostatic symptoms 
and comorbidities worsens what is already a 
poor quality of life in patients with PoTS [10].

The presence of postprandial symptoms of 
nausea, vomiting, abdominal pain and altered 
bowel habit can be severe enough to impact 
on feeding and nutrition, which could lead to 
weight loss and nutritional deficiencies [11]. 
This can further worsen GI symptoms and 
orthostatic intolerance and set up a vicious 
cycle.

Pathophysiology

The pathophysiology of GI symptoms in PoTS 
remains unclear. Some symptoms seem to be 
secondary to the orthostatic challenge while the 
majority of them seem to be caused either by GI 
dysmotility, functional gastrointestinal disorders 
or by comorbidities associated with PoTS. Most 
medications used for PoTS can also cause GI 
symptoms.

Physiological or psychological stress appears 
to be an important trigger of symptoms with 
patients reporting the initial onset of symptoms 
within 3 months after an acute stressor such as 
pregnancy, surgery or infection and less com-
monly, vaccination, an accident, emotional 
stress and trauma [5, 12]. Acute exercise, heat, 

Gastrointestinal symptoms in patients with 
PoTS have two different presentations:

1. Symptoms that are triggered by standing 
up and that improve in the recumbent posi-
tion—most commonly nausea, vomiting and 
abdominal pain [7, 8]. These may be second-
ary to PoTS and can be ameliorated by treat-
ing PoTS [9].

2. Symptoms that are present independently 
of the body position. For example, abdomi-
nal pain associated with bloating, diarrhoea 
or constipation and which is not related to 
orthostasis may be a manifestation of irritable 

Table 1  Gastrointestinal symptoms in patients with 
postural tachycardia syndrome

IBS irritable bowel syndrome; SIBO small intestinal bac-
terial overgrowth; MCAS mast cell activation syndrome

GI symptoms in 
PoTS

Range (%) Dysmotility/
functional 
causes

Refe-
rence

Nausea 75–90 Gastroparesis
Functional 
dyspepsia
Chronic idiopa-
thic nausea

[1–6]

Abdominal pain 70–90 IBS
Visceral hyper-
sensitivity
Food intole-
rance

[1–6]

Constipation 50–71 Slow transit 
constipation
Dyssynergic 
defaecation

[1–6]

Bloating 55–90 IBS
SIBO
Food intole-
rance

[1–6]

Heartburn 27–64 Reflux hyper-
sensitivity
Oesophageal 
hypomotility
Gastro-oeso-
phageal reflux 
disease

[1–6]

Diarrhoea 33–69 IBS
SIBO
MCAS
Food intole-
rance

[1–6]
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dehydration, alcohol, menstruation and pro-
longed recumbency can exacerbate symptoms in 
PoTS patients [12].

Pathologies Underlying GI Symptoms 
in PoTS

GI Dysmotility

In patients whose GI symptoms are directly 
related to orthostasis, the exact mechanism for GI 
symptoms has not been elucidated; however dys-
motility seems to be involved. In a study of chil-
dren with orthostatic intolerance, tilt table testing 
reproduced symptoms of orthostasis, nausea, vom-
iting and abdominal pain and these were associ-
ated with abnormal antroduodenal manometry 
e.g. dysmotility of the stomach and duodenum [4, 
7, 13]. Symptoms improved with hydration and 
fludrocortisone (i.e. treatment of PoTS).

Dysmotility of the oesophagus, stomach, 
small bowel and colon have been documented 
in patients with PoTS [2–4, 8, 14–18]. It is 
unknown whether symptoms are directly related 
to dysmotility as treating this does not always 
alleviate symptoms.

Gastroduodenal abnormalities (neuropathic 
pattern) have been documented in patients with 
dyspepsia i.e. abdominal pain, nausea, vomiting, 
bloating.

Oeosphageal hypomotility is present in the 
majority of patients with oesophageal symptoms 
e.g. heartburn and dysphagia [2].

Delayed colonic transit is present in those 
with constipation.

Gastric emptying abnormalities are present in 
30% with postprandial symptoms.

Two-third of these patients show rapid gastric 
emptying—this can induce a dumping-syndrome-
like reaction which causes symptoms of epigas-
tric pain, bloating, nausea, vomiting and diarrhea, 
as well as lightheadedness, fatigue and headaches 
soon after meal intake [19, 20]. Late symptoms of 
confusion, headaches, weakness and syncope can 
arise if reactive hypoglycaemia is present [21].

A third of patients present with delayed gas-
tric emptying [3, 14, 15]—this is associated with 

postprandial symptoms of early satiety, fullness, 
nausea, vomiting, bloating, epigastric pain or 
epigastric burning. The severity of gastropare-
sis does not necessarily correlate well with the 
severity of symptoms [16].

Gastric myoelectrical (pacemaker) activity 
has also been shown to be abnormal in PoTS 
patients compared to healthy controls. They 
show more variability in the gastric slow wave 
frequency and this is increased postprandially in 
those with postprandial symptoms [17]. Gastric 
arrhythmias such as bradygastria and tachygas-
tria have been shown to be increased in patients 
with PoTS [18].

Functional Diagnoses Are Common 
in Patients with PoTS

Functional gastrointestinal disorders (FGIDs) 
are conditions which cause symptoms in the 
absence of abnormalities on biochemical, 
radiological or endoscopic testing. The patho-
physiology of these disorders includes visceral 
hypersensitivity, low grade immune activa-
tion, altered mucosal integrity (i.e. leaky gut), 
altered microbiota and abnormalities in the 
communication between the brain and the gut 
(brain-gut axis) [22]. The most common func-
tional disorders seen in patients with PoTS 
are IBS, functional dyspepsia and abdominal 
distension/bloating.

Irritable Bowel Syndrome (IBS): Around a 
third of patients with PoTS experience symp-
toms of IBS [5]—recurrent abdominal pain at 
least one day per week in the last three months, 
which is related to defaecation and associated 
with a change in the frequency or form of stool. 
IBS is further characterized by the predominant 
bowel habit; IBS-D (diarrhoea), IBS-C (consti-
pation), IBS-mixed (alternating diarrhoea and 
constipation) or unclassified IBS. In the absence 
of red flag symptoms, the management would 
focus on the most prominent symptom e.g. anti-
spasmodics for pain, imodium for diarrhoea, 
laxatives for constipation.

Functional Dyspepsia: This causes similar 
symptoms to those of gastroparesis (see above) 
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participants with PoTS diagnosed by a physi-
cian, found that 83% of responders reported 
comorbid conditions, most commonly migraine 
headaches (40%), IBS (30%) Ehlers-Danlos 
syndrome (25%) fibromyalgia (20%), and mast 
cell activation disease (MCAD) (9%)—see 
Table 2 [5]. In addition, there are recent reports 
of an association with median arcuate ligament 
syndrome [24]. All these comorbidities can be 
associated with their own set of GI symptoms 
and can alter the presentation of the patient 
with PoTS.

Hypermobile Ehlers-Danlos syndrome 
(hEDS) hEDS is associated with a range of GI 
symptoms most commonly dyspepsia, abdomi-
nal pain, alternating bowel habit with a tendency 
to constipation, and reflux. hEDS is associated 
with functional GI disorders, notably func-
tional dyspepsia and irritable bowel syndrome. 
Visceral hypersensitivity is common in hEDS 
and contributes to the development of pain 
syndromes. The presence of PoTS in hEDS is 
associated with increased incidence of GI dys-
motility and worse quality of life.

Mast cell activation disorder (MCAD) can 
occur in patients with PoTS, typically caus-
ing symptoms of flushing, dizziness, light-
headedness, headache, urinary irritability and 
gastrointestinal symptoms such as nausea, diar-
rhoea and abdominal cramping. GI symptoms 
caused by MCAD respond well to treatment for 
MCAD e.g. antihistamines, and mast cell stabi-
lisers [25].

but there is little or no delay in gastric emptying. 
Symptoms are caused either by impaired accom-
modation of the stomach (reduced relaxation of 
the proximal stomach in response to a meal) or by 
hypersensitivity to gastric distension. Treatment 
is directed at any of those underlying physiologi-
cal mechanisms e g prokinetics in the presence of 
delayed gastric emptying, mirtazapine for abnor-
mal accommodation and visceral hypersensitivity.

Bloating and Abdominal Distension: this is 
due to a variety of causes including constipation, 
food intolerances e.g. FODMAPS (fermentable 
oligosaccharides, disaccharides, monosacharides 
and polyols), gluten and dairy, small intestine 
bacterial overgrowth (SIBO) and carbohydrate 
malabsorption [23].

Small intestinal bacterial overgrowth (SIBO) 
refers to the relative overabundance of bacteria 
in the small intestine which causes fermenta-
tion of ingested products leading to gas produc-
tion i.e. bloating and pain. It can also lead to 
maldigestion and malabsorption of fat, proteins 
or carbohydrates with secondary diarrhoea and 
potentially deficiency of vitamin B12, iron, pro-
tein, albumin and fat-soluble vitamins depend-
ing on the degree of malabsorption [11].

Comorbidities in PoTS and How They 
Impact on GI Symptoms

A recent cross-sectional online commu-
nity-based survey including almost 4000 

Table 2  GI symptoms associated with non GI comorbidities in PoTS [5]

IBS Irritable bowel syndrome

Comorbidity Prevalence (%) GI involvement

Migraine 40 Nausea, vomiting (cyclical vomiting), abdomi-
nal pain (abdominal migraine)

Hypermobile Ehlers-Danlos syndrome 25 Gastro-oesophageal reflux disease, functional 
dyspepsia, IBS, constipation

Fibromyalgia 20 IBS

Mast Cell Activation Syndrome 9 Nausea, diarrhoea, abdominal pain

Hashimoto Thyroiditis 6 Constipation

Coeliac disease 3 Any GI symptom, malabsorption, anaemia, 
nutritional deficiencies

Inflammatory connective tissue disorders eg SLE, 
Sjogrens

2–3 GI dysmotility
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• Inflammatory connective tissue disorders
• Coeliac disease
• Inflammatory bowel disease eg Crohn’s dis-

ease and ulcerative colitis
• Malignancy
• Infections
• Neuroendocrine tumours e.g. carcinoid
• Drug effects e.g. opiates can produce bowel 

dysfunction and worsen abdominal pain.

Diagnostic Testing and GI Evaluation in 
PoTS Patients Depends on:

• Severity of GI symptoms and effect on qual-
ity of life

• Presence of alarm symptoms. If they have 
alarm symptoms these have to be investigated 
to exclude an underlying malignancy:
– Rectal bleeding
– Weight loss
– Iron deficiency anemia
– Nocturnal symptoms

• Family history
• Previous investigations
• Response to treatments.

Initial Testing to Rule Out Organic Causes:

• Blood testing for FBC, U&E, LFTs, ESR, 
CRP, thyroid function, coeliac serology and 
autoimmune screen as an initial blood screen.

• When patients have a very restrictive diet, 
excessive vomiting and/or diarrhea and or 
weight loss we recommend monitoring of 
micronutrients e.g. iron, B12, folate, clotting, 
Vitamin D.

Median arcuate ligament syndrome (MALS) 
also called coeliac artery compression syn-
drome has been reported in up to 50% of 
patients with PoTS in one study [24]. This 
causes chronic and recurrent postprandial 
abdominal pain associated with weight loss, 
nausea, vomiting or diarrhoea and is related to 
compression of the celiac artery and/or celiac 
plexus by the median arcuate ligament [24, 
26]. Diagnosis is made radiologically, typically 
with CT/MR angiography or duplex ultrasound. 
Similar radiological findings can also be seen 
with significant weight loss and so it is impor-
tant to be cautious when considering this diag-
nosis and discuss it in an MDT forum. In a case 
series, surgical division of the median arcuate 
ligament improved GI symptoms, orthostatic 
symptoms and quality of life [11].

Medications and GI Symptoms in PoTS

Most medications, which are used to treat PoTS 
or its allied conditions, are associated with GI 
symptoms

See Table 3.

Assessment

A thorough medical history, systems review, 
detailed drug history, and physical examination 
are essential to rule out important differentials:

• Endocrine problems such as thyroid prob-
lems, adrenal insufficiency, diabetes

Table 3  Gastrointestinal symptoms cause by medications

Medication GI side effects

Opiates Nausea, vomiting, constipation

Fludrocortisone Nausea, GI discomfort, peptic ulcer

Midodrine Nausea, GI discomfort, diarrhoea

Ivabradine Abdominal pain, constipation, diarrhoea

Clonidine Constipation, nausea, vomiting

Pyridostigmine Abdominal pain, diarrhoea, nausea, vomiting

Octreotide Cholelithiasis and cholecystitis, constipation, diarrhoea, abdominal pain, vomi-
ting
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In patients with gastroparesis, we recommend:

• Adequate chewing to reduce the size of the 
food

• Avoid intake of insoluble fiber
• ‘Graze’—eat regular small meals
• Reduce fat intake.

An unhealthy lifestyle contributes to GI symp-
toms so it is important to assess for this and to 
educate patients accordingly:

• Increase salt and water intake
• Dietary advice
• Optimize sleep
• Physical exercise for conditioning
• Stress management—stress exacerbates 

(functional) GI symptoms.

When to Refer to the Gastro Clinic?

Patients should generally be referred to a gastro-
enterology clinic when the patient:

• Presents with alarm symptoms, or difficulty 
maintaining nutrition with or without nutri-
tional deficiencies

• Has an organic diagnosis that needs to be 
treated in a specialist setting

• Experiences symptoms severely impacting on 
QOL

• Needs specialized physiology testing e.g. 
Motility testing of oesophagus, small bowel 
or colon, Gastro-oesophageal reflux testing, 
Gastric emptying test or Hydrogen breath test 
for investigation of small intestinal bacterial 
overgrowth.

What Treatment Is Instituted in the 
Specialist Clinic?

In general the treatment of GI symptoms follows 
principles for treating functional gastrointestinal 
disorders, unless there is evidence of a specific 

• Stool test for faecal calprotectin in those 
with diarrhea to rule out underlying colonic 
inflammation.

• Endoscopies: gastroscopy to rule out inflam-
matory or structural causes of upper GI 
symptoms e.g. nausea, vomiting, reflux. 
Colonoscopy to investigate altered bowel 
habit in the presence of red flags or raised 
faecal calprotectin.

• Radiology: cross sectional imaging to investi-
gate anaemia, weight loss, severe abdominal 
pain.

Simple and Safe Treatments 
that Might Help

Dietary and Lifestyle Modifications

Ingestion of food is a major trigger for GI symp-
toms in patients with PoTS. Despite the lack of 
strong available evidence to support specific die-
tary modifications our experience suggests that 
dietary alteration can improve symptoms.

Obtain a proper dietary history; ask the 
patient to keep a food intake diary—this will 
help to identify specific triggers and avoid 
unnecessary dietary restrictions.

In patients with rapid gastric emptying and 
postprandial hypoglycemia we recommend the 
following:

• Eat small and frequent meals
• Eat slowly and chew food thoroughly
• Opt for low-glycemic-index food
• Increase fat and protein intake to balance 

energy requirements
• Separate intake of liquids from solids, avoid-

ing liquids for half an hour before and after 
meals

• Lie down for 30 minutes after meals—this 
can reduce postprandial symptoms e.g. palpi-
tations, flushing or dizziness

• Increasing intake of salt and water appears to 
improve symptoms of nausea.
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• Lifestyle modification (see above).
• Dietary modification with adequate fluid and 

salt intake (see above).
• Review medicines and try to reduce polyp-

harmacy and consider GI side effects of med-
ications, particularly opiates that should be 
avoided.

• Symptom directed pharmacological therapy 
(Table 1). It is the authors anecdotal experi-
ence that in some patients with PoTS their 
GI symptoms improve following treatment of 
their main non-GI PoTS symptoms although 
this has not formally been demonstrated by 

dysmotility disorder. Some of the commonly 
used treatments in functional gut disorders are 
given in Table 4.

An empathic doctor-patient relationship, 
as always, is crucial in treating these patients. 
Adequate time during the consultation needs to 
be devoted to reassuring the patient about the 
legitimacy of their symptoms, to explain possi-
ble causes and reassure them of the absence of 
a life-threatening illness. Equally, it is important 
to explain that the management will require sev-
eral steps and strategies:

Table 4  Pharmacological therapy

Symptom Type of medication Examples of medica-
tions

Monitoring required
Important side effects

Nausea/Vomiting Anti-emetics
Anti-nausea

Ondansetron
Metoclopramide
Cyclizine
Promethazine
Prochlorperazine (can be 
give sublingual)

Ondansetron need to 
measure QT interval

Metoclopramide risk of 
tardive dyskinesia

Gastroparesis Motility stimulants Metoclopramide
Domperidone
Erythromycin
Prucalopride

Domperidone and 
Erythromycin, need to 
measure QT interval

Erythromycin (short 
term only due to risk of 
tachyphylaxis)

Pain Antispasmodics Buscopan
Mebeverine
Peppermint oil
Dicycloverine

Antidepressants Amitriptyline/nortrip-
tyline
Duloxetine
Mirtazapine

Avoid amitriptyline in 
patients with severe 
constipation

Weight gain with dulo-
xetine, amitriptyline 
and mirtazapine

Pain Modulators Gabapentin
Pregabalin

Measure QT interval Weight gain

Diarrhoea Antimotility drugs Loperamide

Constipation Laxatives Prucalopride
Linaclotide
Stimulant laxatives e.g. 
bisacodyl
Osmotic laxatives e.g. 
movicol, up to 8/day
Stool softeners e.g. 
lactulose (this causes 
bloating)
Suppositories e.g. 
glycerine
Rectal irrigation
Enemas e.g. phosphate 
enemas
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as initial therapy. If there is no improve-
ment, the patient should be referred to a 
specialist [9].

– If rapid gastric emptying is present on 
gastric emptying tests and the symptoms 
are suggestive of dumping syndrome the 
patient can be referred to the endocrine 
team for a prolonged glucose tolerance 
test to assess for this. Octreotide can be 
considered to slow gastric emptying in 
confirmed symptomatic cases but this 
should only be initiated in a specialist set-
ting [19].

• In patients with symptoms of mast cell acti-
vation a trial of an H1-receptor antagonist, 
H2-receptor antagonist and cromoglycate 
or ketotifen (ketotifen is particularly good if 
they are anxious) is recommended [9, 25].

• Median arcuate ligament syndrome—the 
decision about surgical intervention should 
be considered with caution, and not without 
an MDT discussion [11].

• Psychological therapy i.e. mindfulness medi-
tation, cognitive behavioural therapy or hyp-
notherapy [27] is indicated for those with 
high levels of anxiety, depression, stress and 
those with a history of significant life events.
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Urological  
Considerations in PoTS

Visha Tailor and Vik Khullar

Introduction

The heterogenous, multifactorial condition of 
postural tachycardia syndrome (PoTS) is fre-
quently associated with other conditions, as 
discussed in earlier chapters. The association 
of PoTS with hypermobile Ehlers Danlos syn-
drome (EDS) and mast cell activation syndrome 
(MCAS) are discussed in depth separately in 
this book (see Chaps. 12 and 21).

Voiding Dysfunction

Voiding dysfunction is defined as abnormally 
slow and/or incomplete micturition diagnosed 
by symptoms and urodynamic investigations 
[1]. Patients with PoTS are more likely to pre-
sent with voiding dysfunction with an impaired 
sensation of bladder fullness and inefficient 
voiding. They may strain to void with associated 
chronic retention of urine. In a small study of 
21 female PoTS patients, 32% of patients were 

found to have post-void residual measurements 
>100 ml [2]. As a result, patients may already 
have been established on a regime of clean 
intermittent self-catheterisation, even prior to a 
formal diagnosis of PoTS; this is the most com-
monly used treatment method. Changes to the 
connective tissue in patients with hypermobile 
EDS may affect bladder wall contractility.

Voiding dysfunction can be associated with 
urethral kinking and bladder outlet obstruction; 
in women this may be a result of vaginal pelvic 
organ prolapse. Voiding dysfunction has been 
reported in up to 27% of women with stage III or 
IV vaginal prolapse [3]. Therefore, correction of 
the vaginal prolapse through the use of vaginal 
pessaries or surgery may improve voiding dys-
function. However, following the surgical correc-
tion of vaginal prolapse, 1.1% may develop de 
novo voiding dysfunction [3].

There is a role for sacral neuromodula-
tion with stimulation of the sacral nerve roots, 
through an implanted electrode, in correct-
ing voiding dysfunction particularly if detru-
sor underactivity is found. Successful treatment 
of non-obstructive voiding dysfunction with 
elimination of the need to self-catheterise has 
been reported in 33–90% of treated patients. 
Considerations may be needed for patients who 
may require regular MRI assessment; however 
MRI‐compatible sacral neuromodulation devices 
are being developed and are now more widely 
available [4].
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patients with PoTS, 68% reported increased uri-
nary frequency [9].

Normal bladder function relies upon sophisti-
cated signalling pathways with somatic (S2–S4 
Pudendal nerve) and autonomic (parasympa-
thetic S2–4 and sympathetic L1–L3) innervation 
[10]. Studies have suggested a potential rela-
tionship between autonomic dysfunction and 
the development of OAB. In one study, those 
less responsive to medical management with 
anticholinergic treatment were more likely to 
have sympathetic autonomic dysfunction [11]. 
However, the defining factors linking distinct 
autonomic disorders and resultant lower urinary 
tract manifestations remain at the early stages of 
study.

Investigating Lower Urinary Tract 
Symptoms

The assessment of lower urinary tract function 
begins with a thorough history and examination 
of the patient. Abdominal palpation may reveal 
abdominal distension or suprapubic tenderness. 
Vaginal examination for women is important to 
identify vaginal prolapse, pelvic floor muscle 
spasm or point tenderness and anterior vaginal 
wall tenderness. Compression of the anterior 
vaginal wall may reproduce the patient’s pain 
symptoms and is suggestive of bladder inflam-
mation or infection which may be contributing.

A history of multiple, repeated infections 
should prompt consideration of immunoglobu-
lin quantification and possibly, immunology 
referral for the evaluation of immunodeficiency 
[12].

Completion of a bladder diary can help to 
identify the patient’s fluid intake and voiding 
patterns.

Lower urinary tract symptoms can be fur-
ther investigated by urodynamic studies. 
Urodynamic studies (UDS) consist of various 
components and can include some or all of the 
following: uroflowmetry, post-void residual 
measurements, cytometry, pressure flow studies, 

Overactive Bladder Syndrome

Patients with PoTS often have a low total 
blood, plasma and red cell volume. The 
 renin-angiotensin-aldosterone system (RAAS) 
is a regulator of blood volume and systemic 
vascular resistance. Abnormalities in the RAAS 
system in PoTS patients have been documented, 
with increased levels of angiotensin 2 without 
an increase in the active angiotensin metabolite. 
This may encourage urine output and a reduc-
tion in circulating volume [5].

Despite its importance in arterial pressure 
maintenance, results regarding the responses 
of the RAAS during upright posture in PoTS 
patients are few and controversial [6]. In patients 
with hyperadrenergic PoTS it is not unusual for 
patients to describe urinary urgency on standing 
for short periods of time [5].

Lower urinary tract symptoms appear to 
be more common in patients with PoTS, EDS 
and MCAS. For patients with PoTS, symptoms 
can begin in childhood with 24% in one study 
reporting childhood voiding symptoms [2].

Symptoms of overactive bladder syndrome 
(OAB) include urinary urgency, urgency related 
urinary incontinence, urinary frequency and 
nocturia. OAB is a dynamic condition with the 
prevalence increasing with age and is likely to 
manifest from a vast array of primary patholo-
gies. The International Continence Society 
defines OAB when these symptoms present in 
the absence of pathological or metabolic condi-
tions that might be able to explain them [1].

The prevalence of OAB in the general popu-
lation has been estimated from 2–53%, with a 
median prevalence estimate of 16.5% (range 
2–35% in men, and 3–41% in women). In more 
recent studies that include an assessment of 
severity, less than 10% of people have moder-
ately bothersome OAB [7]. From a survey using 
a validated symptom questionnaire (OAB-q), 
13/19 (68.4%) female PoTS patients met the 
criteria for a diagnosis of probable overac-
tive bladder by reporting a symptom score ≥16 
[8]. Similarly, in a large online survey of 4835 



127Urological Considerations in PoTS

urethral function tests and in some centres, 
electromyography and video urodynamic stud-
ies. The tests are relatively invasive and there-
fore often reserved for patients who have not 
responded to initial medical therapy. As for any 
patient, urodynamic studies should be consid-
ered in PoTS patients with significant lower uri-
nary tract symptoms.

Uroflowmetry or pressure-flow studies can 
identify a strain pattern to void which is not 
uncommon in patients with PoTS. Cystometry 
will identify bladder capacity and filling sensa-
tion. Loss of bladder compliance is not thought 
to be associated with PoTS [2].

Patients with OAB may have associated det-
rusor overactivity (DO) which is defined as 
involuntary detrusor contractions during the cys-
tometry; they can be seen through the filling phase 
or through provocation such as with movement 
or when listening to water moving. However, 
approximately half of those presenting with 
OAB symptoms will not display DO, particularly 
patients without associated incontinence [13].

Treatment of Overactive Bladder 
Syndrome and Detrusor Overactivity

Conservative Management

Lifestyle interventions and advice include avoid-
ing caffeinated drinks and alcohol, manage-
ment of constipation and smoking cessation to 
improve overactive bladder symptoms. Fluid 
restriction to 1–1.5 litres a day is commonly 
advised to help manage frequency symptoms; 
however, this will probably not be tolerated by 
many patients with PoTS. Patients presenting 
with signs and symptoms of histamine intoler-
ance or MCAS should also be advised to fol-
low a modified diet with a trial of antihistamine 
medication considered. This is discussed later in 
this chapter.

Further conservative management for overac-
tive bladder symptoms is non-invasive through 
pelvic floor muscle training exercises and blad-
der retraining. Practising the exercises aims to 
strengthen the pelvic floor muscles, provide 

urethral support to prevent urine leakage, and 
suppress urinary urgency. The benefits are con-
sidered to be greater for patients presenting 
with stress urinary incontinence compared with 
urgency related urinary incontinence. Cure or 
improvement can be seen in 67% of women with 
urinary incontinence following 3–6 months treat-
ment [14]. For women who have difficulty in 
carrying out pelvic floor muscle training, biofeed-
back may be utilised. Outcomes of conservative 
management have not been specifically reported 
for women with PoTS; however given the non-
invasive nature and safety of this intervention it is 
often recommended as a first line therapy.

Bladder retraining aims to increase the inter-
val between voiding, bladder capacity and 
reduce urge incontinence episodes. The retraining 
is structured around timed voiding, increasing the 
voiding interval by 15–30 minutes every week 
until the desired interval is achieved. Good moti-
vation is required but relapse can occur over time.

Medical Management of OAB

Bladder contraction is mediated through 
 para-sympathetic (cholinergic) neurons. Therefore, 
antimuscarinic agents are often the first line treat-
ment for patients with storage dysfunction and 
overactive bladder symptoms. However, many 
medications produce anti-cholinergic side effects 
including drowsiness, reduced saliva and tear 
production, urinary retention, constipation and 
tachycardia [15]; Solifenacin more than oxybu-
tynin and tolterodine may exacerbate constipa-
tion. Most anti-muscarinic agents readily cross 
the blood-brain barrier with the potential for 
deterioration in cognitive performance, sedation, 
insomnia and confusion in a susceptible popula-
tion. Fesoterodine fumerate, trospium chloride and 
darifenacin are known to have little or no cognitive 
side effects and can be considered for use in an 
older population [16].  Prescribers should remain 
aware of polypharmacy and the anticholinergic 
burden in older patients. 

Active relaxation of muscles in the bladder 
wall is mediated through beta‐3 (noradrenergic) 
receptors. Mirabegron, a beta‐3 agonist, may 
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longer term studies reporting 90% benefiting at  
77 months [18].

Tibial nerve stimulation is a form of periph-
eral neuromodulation treatment. The posterior 
tibial nerve is a distal branch of the sciatic nerve 
that originates from the L5–S3 spinal roots 
and descends towards the lower extremities. 
Peripheral stimulation at the lower leg/ankle to 
the posterior tibial nerve is thought to deliver 
retrograde neuromodulation to the sacral nerve 
plexus. Alteration to nerve signalling is thought 
to occur with cross-signalling between sym-
pathetic and parasympathetic  post-ganglionic 
nerve terminals and synapses involved in the 
voiding reflex [17]. This therapy is typically 
delivered through weekly thirty-minute ses-
sions of percutaneous or transcutaneous poste-
rior tibial nerve stimulation. The treatment is 
considered less invasive compared with sacral 
neuromodulation. However long-term main-
tenance treatments are often required [15]. 
Newer implantable tibial nerve stimulators are 
currently in clinical trials and could have the 
advantage of self-administered treatment [19].

Nocturia

Nocturia can be described as the interruption of 
sleep one or more times because of the need to 
micturate [1]. The severity of the symptoms can 
be quantified using a bladder diary. Nocturia can 
be associated with OAB but has mixed and mul-
tiple aetiologies. Patients with PoTS often have 
nocturia.

Adopting the supine position at night and 
thereby reducing the hydrostatic pressure in the 
legs, results in reabsorption of fluid from periph-
eral tissues into the bloodstream. The ensuing 
expansion of intravascular volume increases 
urine production through both antidiuretic hor-
mone inhibition and increased glomerular filtra-
tion rate. These can contribute to worsening of 
nocturia in patients with PoTS. The use of pres-
sure stockings during the day, raising the head 
of the bed by approximately 10 cm and leg ele-
vation in the hours prior to retiring to bed can 
therefore help moderate the volume of urine pro-
duction overnight [15].

therefore be helpful on its own or in combina-
tion with anti‐cholinergics in the management 
of urinary urgency and frequency.  It is often 
considered second line therapy after a trial of 
anti-muscarinic treatment or if there are con-
traindications to anti-muscarinic treatment or if 
anti-muscarinics are not tolerated.

Treatment of Refractory OAB

Patients not responsive to medical management 
or who have unsatisfactory improvement or who 
do not tolerate medical therapies are described 
as having refractory OAB. For this group of 
patients, intra-detrusor injection of onabotuli-
num toxin A at cystoscopy or neuromodulation 
therapies are alternative treatment options. Local 
blockade of acetylcholine release effected by 
onabotulinum toxin can benefit patients for 6–12 
months. Risks of the procedure include urinary 
tract infection in 1 out of 12 cases and the tem-
porary need to carry out intermittent urinary 
catheterisation in 3–10% of patients. Repeat 
intra-vesical injections are often required if the 
toxin effects decrease over time with return of 
symptoms.

Neuromodulation therapy is well-established 
to modulate bladder function to improve voiding 
dysfunction and detrusor overactivity. Animal 
studies have demonstrated that OAB symptoms 
may be the result of an alteration in the inhibi-
tory and excitatory signals of the voiding reflex 
changing the pelvic neuromuscular environment. 
Over‐riding neural messages through the use of 
sacral nerve stimulators may be very effective 
in some patients [17]. A stimulator is implanted 
in the buttock with an electrode (a tined lead) 
placed alongside the sacral nerves through the 
S3 sacral foramen. Lead placement is fluoro-
scopically guided to achieve a specific motor/
sensory response with stimulation. Insertion 
is often a two-step procedure with an initial 
test phase and external stimulator followed by 
implantation of the internal pulse generator 
or stimulator if treatment success with >50% 
improvement in symptoms is observed during 
the test period. Following implantation, 67–87% 
will have successful treatment outcomes with 
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pain syndrome (BPS) is given [23]. International 
societies vary in their opinion of the duration of 
symptoms from 6 weeks (American Urological 
Association [24]) to 6 months (European 
Society for the Study of Bladder Pain Syndrome 
2008 [25]), but all agree the diagnosis is given in 
the absence of identifiable pathology or causes.

Interstitial cystitis (IC) is considered a sub-
type under the overall umbrella diagnosis of 
BPS. The symptom presentation remains the 
same, however typical bladder ulcerations are 
seen at cystoscopy. The original description 
of the ulcers given by Hunner in 1915 is used 
to diagnose the appearance of patches of red 
mucosa exhibiting small vessels radiating to a 
central pale scar [26].

Increased mast cells and their activation may 
be secondary to chronic infection, alternatively 
mast cells in the bladder may be reacting to 
other stimuli such as food allergens, resulting in 
chronic inflammation. Patients may present with 
recurrent or constant bladder pain as well as 
more generalised symptoms of MCAS or hista-
mine intolerance. Flares of dermatographia and 
flushing associated with episodes of worsening 
bladder pain and lower urinary tract symptoms 
can occur with triggers such as the intake of his-
tamine containing or liberating foods.

With prolonged symptoms, BPS/IC can con-
tribute to chronic pelvic pain and has a negative 
impact on quality of life and sexual function 
(7). Patients can experience both superficial 
and deep dyspareunia which can persist after 
intercourse. This may be related to bladder 
inflammation or concomitant diagnoses such as 
endometriosis. For some, intercourse may also 
trigger a flare of cystitis symptoms (urinary fre-
quency, urgency, nocturia and dysuria) or UTI.

Inflammation in Bladder Pain 
Syndrome and Interstitial Cystitis

The pathophysiology of BPS/IC is not fully 
understood and considered to be multifacto-
rial affecting primarily young and middle-aged 
women. Twin studies have suggested that IC/
BPS can be genetically inherited. However, a 

In the absence of chronic bladder inflamma-
tion or infection, small doses of desmopressin, a 
synthetic analogue of vasopressin can be admin-
istered to reduce the volume of urine produced 
overnight by up to 50% to aid in relieving both-
ersome nocturia symptoms.

Recurrent Urinary Tract Infection 
and Bladder Pain Syndrome

Recurrent urinary tract infection (UTI) in adults 
is defined as ≥2 UTI episodes in 6 months or 
≥3 symptomatic and medically diagnosed epi-
sodes in 1 year. The current gold standard and 
most commonly used investigation to detect a 
UTI is through urine culture. Recurrent infec-
tions occur in approximately 35–53% of women 
that were treated for a UTI in the last year [20]. 
Recurrent UTI is a common cause of female pel-
vic floor dysfunction and has been reported to 
affect up to 66% of patients with PoTS attend-
ing for lower urinary tract symptom evaluation 
[2]. The increased risk in PoTS patients may be 
associated with the need to carry out clean inter-
mittent self-catheterisation (CISC) which affects 
25% of people who regularly perform this [21] 
or due to underlying MCAS or histamine intol-
erance. Recurrent UTI is associated with chronic 
bladder inflammation with studies reporting 
increased urinary nerve growth factor, increased 
mast cell expression and urothelial apoptosis 
compared to normal controls [22].

MCAS and histamine intolerance can be 
associated with recurrent infections includ-
ing urinary tract infections and bladder 
pain syndrome/interstitial cystitis (BPS/IC). 
Recurrent UTI, BPS/IC and overactive bladder 
syndrome can present with overlapping symp-
toms including bladder pain, urinary frequency, 
urinary urgency, dysuria and nocturia. Bladder 
pain is defined as the complaint of suprapubic or 
retro-pubic pain, pressure, or discomfort, related 
to the bladder and usually increases with blad-
der filling. It may persist or be relieved after 
voiding. When symptoms are associated with 
lower urinary tract symptoms such as urgency, 
frequency and nocturia, the diagnosis of bladder 
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the bladder mucosa, and less pronounced sur-
rounding interstitial blood vessels and the detru-
sor muscles [30]. Studies of porcine urothelium 
suggest that only the H1 receptor is active in the 
urothelium, lamina propria and detrusor and is 
responsible for spontaneous phasic contractions. 
These contractions increased in frequency when 
stimulated by histamine and were inhibited in 
the presence of the H1 agonists pyrilamine, 
fexofenadine and cephroheptadine. Activation 
of the H2 receptor conversely inhibits the 
H1-mediated contractions in the urothelium with 
lamina propria but not the detrusor [28]. These 
studies support the use of histamine receptor 
antagonists in the treatment of BPS/IC.

Investigation with Cystoscopy

Cystoscopy is a useful study for BPS/IC. Other 
indications include OAB symptoms not respond-
ing to medical treatment, voiding dysfunction 
to assess for obstruction, recurrent urinary tract 
infections and persistent haematuria.

There is no consensus for diagnostic cystos-
copy findings for BPS/IC. However, cystoscopy 
is recommended to exclude alternative causes of 
the symptom presentation such as bladder car-
cinoma, endometriosis, infection and bladder 
stones [24, 25].

Bladder biopsy may reveal associated his-
tological changes such as a degree of denuded 
epithelium, ulceration, chronic inflammation and 
raised mast cell count. The European Society for 
the Study of Interstitial Cystitis (ESSIC) pro-
poses mast cell counts in the detrusor muscle 
with a density >28 mast cells/mm2 as diagnos-
tic criterion for BPS/IC [25].   A standardised 
method of rigid cystoscopy for the investiga-
tion and biopsy sampling has been described by 
ESSIC [25, 27]. 

Detection of mast cells in tissue was tra-
ditionally studied using Giemsa stain or 
toluidine blue staining of mast cell granules. 
Immunohistochemistry methods to identify 
CD117, a mast cell transmembrane tyrosine 
kinase receptor, is becoming more commonly 
used [31]. Alternatively antibodies to human 

more favoured aetiology is the dysfunction of 
the normally impermeable bladder urothelial lin-
ing, resulting in increased permeability allow-
ing irritants such as urinary solutes to diffuse 
across the lining and generate hypersensitivity 
symptoms. Neurogenic inflammation, infection, 
chronic autoimmune inflammation and urine 
abnormalities may contribute to the initial dys-
function. The process in part can be mediated by 
the activation and proliferation of mast cells [7, 
25].

Increased mast cell counts (>28/mm2) within 
the bladder mucosa and particularly the detrusor 
muscle are associated with IC/BPS and can be 
identified on bladder biopsy [27]. Furthermore, 
mast cells and inflammation may play a role 
in the pathophysiology of OAB symptoms. 
Upregulation of chemo-attractant protein-1 
(MCP-1), which causes degranulation of mast 
cells, has been observed in patients with OAB 
[28]. Activation of these mast cells leads to 
histamine release leading to the induction of 
inflammation and hypersensitivity of the blad-
der. Infection can be a precipitating event and 
women with a clinical history of recurrent UTI 
as children are significantly more likely to have 
a diagnosis of BPS/IC as adults [29].

A dysfunctional urothelium, in combination 
with the continuous exposure to toxic urine con-
tents and released inflammatory mediators, such 
as histamine, cytokines, and proteases, can lead 
to the sensitisation of peripheral afferent endings. 
Long term, these have the potential to change 
neuronal function and neuroplasticity. Animal 
models of cystitis demonstrate an increase in the 
urothelial neurotransmitter release of ATP, pros-
taglandin E2 and cholinergic regulated urothe-
lial nitric oxide release with increased receptor 
expression. These are also considered to be down-
stream consequences of inflammation, infection 
or urothelial breakdown [29].

Histamine binds to four different G-protein 
couple receptors, H1, H2, H3, H4. Detrusor cells 
express all four receptor subtypes. However, 
the functional role of each receptor is not fully 
understood [28]. All four receptor types have 
increased expression in patients with BPS/IC 
compared with healthy controls particularly in 
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it is unclear to what degree the PoTS symptoms 
will respond to mast cell therapy.

It is understood that considerable variation 
exists in the assessment and treatment of comor-
bid mast cell activation in PoTS. A suggested 
approach to treatment would be the addition 
of the medications in sequential fashion. Each 
treatment should be assessed for effectiveness 
and if ineffective consider discontinuation.

Lifestyle and Dietary Changes

General relaxation, stress and pain management, 
patient education, self-care and behavioural 
modification can be useful adjunctive treatment 
to help manage and cope with this chronic con-
dition. Manual physical therapy/trigger point 
techniques are often a first line non-invasive 
treatment method for pain symptoms such as 
vulvodynia or pelvic floor muscle spasm.

Most patients with PoTS and MCAS go 
through a phase of trying exclusion diets and 
pro‐biotics with variable success. Histamine 
and other biogenic amines are present to vari-
ous degrees in many common foods and their 
presence increases with food maturation. 
Manipulation of diet by controlling histamine 
intake can therefore alleviate and stabilise symp-
toms over time.

Patients with evidence of MCAS can ben-
efit from exclusion of mast cell liberating foods 
such as egg-white, citrus, chocolate and crus-
taceans (Table 1) [15, 33]. In general, fresh, 
unprocessed or basic foods should be better tol-
erated. Food storage will affect the histamine 
content of food and therefore it should be refrig-
erated, ideally uninterrupted before consump-
tion. Fermented or microbe-ripened products 
(e.g. alcoholic products, vinegar, yeasts), per-
ishable fresh produce with inadequate/uncertain 
freshness or with an interrupted cooling chain 
(e.g. seafood) should be avoided. Canned, fin-
ished or semi-finished products or foods for re-
heating with long storage time should also be 
avoided.

Patients suspected of histamine intolerance 
due to low serum diamine oxidase will benefit 
from low dietary intake of amines including his-
tamine (Table 1). A small study of 20 patients 

mast cell tryptase to stain mast cell gran-
ules has been described with a threshold of 27 
mast cells / mm2 defining significant masto-
cytosis [27].  This method allows differentia-
tion between activated mast cells with granules 
outside the cytoplasm and non-activated mast 
cells, with the granules located within the cyto-
plasm. Degranulation of mast cells may point 
towards a hyper-responsive state and patients 
may benefit from therapy with mast cell stabi-
lizers. However, the most sensitive and accurate 
immunohistochemical stain available today is 
CD-117 [32].

Management of Bladder Pain 
Syndrome and Genitourinary MCAS 
Symptoms

There is no cure available for PoTS, hEDS 
and MCAS, therefore management is based 
on the avoidance of triggers and medication to 
help to control symptoms and improve qual-
ity of life. With the likely multi-factorial aeti-
ology, this results in a wide range of available 
management options. Treatment is multimodal 
but should also include a trial of mast cell tar-
geting therapies to address any mast cell or 
 histamine-mediated symptoms. Despite treat-
ment clinically used in this subset of patients, 
there is limited data on treatment outcomes.

The following are medications used to help 
control symptoms of MCAS that may influence 
PoTS and hEDS symptoms as well as associ-
ated bladder pain symptoms. The clinical expe-
rience of many PoTS specialists suggests that 
the empiric addition of safe mast cell medica-
tions may confer benefit in PoTS patients given 
that negative testing may not preclude mast cell 
involvement in symptoms [15]. It is unlikely that 
mast cell activation is a prominent component 
in all patients with PoTS and thus empiric treat-
ment with mast cell medications should not be 
continued indefinitely if no benefit is observed. 
Given the reasonably low cost and relative 
safety, consideration should be made for a thera-
peutic trial with H1 antagonists, H2 antagonists, 
cromolyn, and montelukast. Even when MCAS 
is unequivocally present in a patient with PoTS, 
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Historically this has been the most frequently 
used treatment approach. Second generation H1 
antagonists such as loratidine, cetirizine, fex-
ofenadine and desloratadine, thought to be less 
sedating, are now commonly prescribed. There 
are over 40 preparations available worldwide.

Ranitidine is an H2 antagonist. It is more 
commonly used to reduce stomach acidity, but 
it can also be used to target H2 receptors in the 
bladder to reduce inflammation. Cimetidine is an 
alternative H2 antagonist although inhibition of 
diamine oxidase can occur and therefore should 
be avoided if histamine intolerance is suspected 
or serum diamine oxidase is found to be low.

Combined treatment with H1 and H2 antago-
nists are typically prescribed to take on a daily 
basis for a trial of at least 4 weeks–6 months. 
Symptom improvement with this treatment sup-
ports the diagnosis of MCAS and should be con-
tinued to maintain symptom control. However, 
there is only one randomised controlled trial to 
support which dose, combination or duration of 
treatment regime is most efficacious in bladder 
pain [36].

with low diamine oxidase activity (<40 HDU/
ml) showed an improvement or disappearance 
of symptoms at 6 months. A relapse in symp-
toms was noted if a high histamine meal was 
ingested [34].

A histamine limited diet can impose com-
plex restrictions and can negatively impact the 
quality of life of patients [35]. Therefore, in 
the absence of benefit, patients can be encour-
aged to revert to a healthy, balanced diet if the 
trial fails to improve symptoms. In the future it 
may be possible for personalised recommenda-
tions for dietary modifications to be developed 
through the study of an individual’s glycaemic 
and microbiome profile and the response to spe-
cific foods [15].

Histamine Receptor Antagonists

Oral medication with both histamine‐receptor 
1 (H1) and histamine-receptor 2 (H2) antago-
nists can reduce the histamine burden released 
by mast cells and provide symptomatic relief. 

Table 1  Food table for diet modification

Note DAO—Diamine Oxidase

Histamine liberating foods Foods that inhibit DAO

Nuts—walnuts, cashews
Cocoa and chocolate
Pineapple
Citrus fruits
Kiwi
Strawberries
Tomatoes, ketchup, tomato juice
Pulses/legumes

Alcohol
Cocoa
Black tea
Green tea
Mate tea (chimarrão)

Foods high in histamine Foods considered low in histamine

Pickled foods
Matured cheese
Hard cheeses
Smoked or cured meats
Preserved fish products
Beans
Chickpeas
Soy beans and soy products
Alcohol—particularly red wine, beer
Nuts—peanuts, cashew, walnuts
Black and green tea
Cocoa and chocolate

Soft cheese
Fresh meats
Freshly caught seafood
Egg yolk
Pasta
Rice noodles
Yeast-free rye bread
Oats, oat milk
Corn/rice/crisp bread
Rice, puffed rice, rice milk
Fresh fruit: melon, blueberry, cranberries, lychee, mango, rhubarb, cherries, 
apricot, apple
Fresh vegetables: lettuce, cabbage, beetroot, pumpkin, onion, radishes, 
lamb’s lettuce, carrot, broccoli, potato, cucumber, leek, zucchini/courgette, 
sweet corn, asparagus, garlic
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Montelukast

Montelukast sodium is classically used in the 
treatment of asthma or allergic rhinitis. It is a 
selective leukotriene receptor antagonist of the 
cysteinyl leukotriene 1 receptor (CysLT1R) with 
no agonist activity. Cysteinyl leukotrienes (LTC 
4, LTD 4, LTE 4) are products of arachidonic 
acid metabolism that are released from mast 
cells and eosinophils. Inhibition of cysteinyl 
leukotrienes binding to CysLT1R has reduced 
neuroinflammation and promoted blood brain 
barrier function in animal studies. This can 
make montelukast a useful adjunct for MCAS 
neurogenesis treatment [37].

Common side effects of montelukast include 
diarrhoea, headache, gastrointestinal discomfort, 
nausea, vomiting, upper respiratory tract infec-
tion, dry mouth, oedema and rarely neuropsychi-
atric reactions, including speech impairment and 
obsessive-compulsive symptoms. Reassuringly 
studies have shown no significant drug interac-
tions with theophylline, warfarin, fexofenadine 
and oral contraceptives containing norethin-
drone 1 mg and ethinyl estradiol 35 mcg [39].

Diamine Oxidase

Patients considered to have histamine intoler-
ance especially with a serum diamine oxidase 
level of <10 U/mL would benefit from the use of 
a diamine oxidase supplements in addition to a 
diet low in histamine.

A non-randomised study using Daosin® 
(AET Pharma, Italy), diamine oxidase supple-
mentation up to three times a day for 4 weeks 
in 28 patients presenting with histamine intol-
erance with serum diamine oxidase <10 U/mL, 
demonstrated a significant improvement to gas-
trointestinal, cardiovascular, respiratory and skin 
symptoms [40]. Similarly, in a small study of 14 
patients suspected to have histamine intolerance 
presenting as food intolerance, 10 were found to 
have serum diamine oxidase <10 U/mL (mean 
7.04 ± 6.90 U/mL). Treatment with Daosin 
twice daily 15 minutes before food for a mini-
mum of 14 days demonstrated a reduction of at 

Sodium Cromoglicate

Sodium cromoglicate or cromolyn disodium 
inhibits mast cell activation through an elusive 
and unknown mechanism therefore preventing 
the release of histamine and tryptase and synthe-
sis of inflammatory prostaglandins and leukot-
rienes. It has been shown to diminish the early 
and late phase allergic response by mast cells to 
antigen challenge. Cromolyn has recently been 
shown to activate the G protein coupled recep-
tor GPR35. This receptor is present on mast cells, 
basophils and eosinophils. It is upregulated after 
mast cell exposure to IgE antibodies but is also 
described as a Gαi/o—coupled inhibitor of syn-
aptic transmission. Animal studies have sug-
gested an anti-nociceptive effect after agonist 
binding [37].

Sodium cromoglicate is available as eye 
drops (for allergic conjunctivitis), intra-nasal 
spray (for allergic rhinitis), inhaler (for asthma 
maintenance treatment) and tablet form (for 
food allergy with diet restriction). Oral adminis-
tration may be used to treat the gastrointestinal 
symptoms of MCAS.

Side effects of sodium cromoglycate include 
an intolerance of the medication, transient bron-
chospasm with inhaler use, arthralgia, nausea, 
rash and rarely eosinophilic pneumonia with 
inhaled use [38].

Ketotifen

Ketotifen is a first generation anti-histamine, 
with H1 receptor antagonist properties as well 
as a mast cell stabilising action. It is available 
as eye drops for allergic conjunctivitis, in tab-
lets or as an oral solution. Common side effects 
of ketotifen include drowsiness in up to 40% 
of users [36], gastro-intestinal discomfort and 
dry mouth. The authors prescribe an increas-
ing dose of ketotifen every 2 weeks commenc-
ing with 0.5 mg once at night or twice daily.  
This is increased to reach up to 2 mg twice 
daily if benefits are experienced and side effects 
tolerated.
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inhibits histamine release. In a dose depend-
ent manner, it has also been reported to inhibit 
tryptase and the transcription of histidine decar-
boxylase which generates histamine from hista-
dine [43]. The authors in their clinical practice 
suggest supplementation of quercetin 500 
mg twice daily to patients considered to have 
MCAS.

Diamine oxidase is a vitamin B6 (pyridoxine)-
dependent enzyme. Supplementation with vitamin 
B6 is thought to lead to an increase in diamine 
oxidase activity and may be a useful adjunct in 
patients with histamine intolerance [44].

Treatment of Recurrent Urinary Tract 
Infections

Recurrent urinary tract infection symptoms 
are a significant bother to patients and can 
increase in incidence for women over 65 years 
of age. Women found to have evidence of bac-
terial infection or chronic bladder inflamma-
tion may benefit from treatment to eradicate 
and supress an infective cause. Acute treatment 
of a urinary tract infection is with antibiotic 
medication. Antimicrobial medication as well 
as  non-antibiotic treatment can be considered 
for prevention. There is considerable overlap 
in symptom presentation in patients with recur-
rent UTI and BPS/IC, with both infective and 
inflammatory pathologies being present. Often 
treatment of recurrent UTI is complemented 
with medication to target MCAS or histamine 
intolerance.

In the era of antibiotic stewardship and the 
consideration of long-term side effects of anti-
biotic medication, alternative treatments to 
prevent recurrent UTI have been studied. The 
overuse of anti-microbial medication in both 
human and veterinary medicine has driven the 
global emergence of urinary pathogens that are 
resistant to commonly used antibiotics. With our 
armoury of effective antibiotics being reduced, 
we must be conscientious prescribers of antibi-
otic medication.

least 1 histamine intolerance associated symp-
tom when combined with a low histamine diet 
[35].

Histamine intolerance may not always be 
clear in its presentation and overlap with MCAS 
and PoTS symptoms; however if suspected a 
trial of diamine oxidase supplementation my 
provide benefit. A pilot study using Daosin for 
thirty days, on twenty patients with chronic urti-
caria as the main symptom, found no overall sig-
nificant improvement in 7-day urticarial activity 
score in patients. However, in the 5 patients with 
a low serum diamine oxidase (<10 U/mL), treat-
ment with 1 capsule 15 minutes before lunch 
and dinner produced a significant improvement 
[41]. Similarly, a larger study using diamine 
oxidase treatment for 1 month in patients with 
migraines, found a significant reduction in 
migraine severity with a decrease in triptan med-
ication use [42].

Of note Daosin contains 0.3 mg of porcine 
diamine oxidase. Vegetable based diamine oxi-
dase is also available over the counter or from 
health food shops but to our knowledge have not 
been formally studied in randomised controlled 
trials.

Vitamin and Flavonol 
Supplementation

Histamine degradation can be supported by the 
administration of oral vitamin C (ascorbic acid) 
which has mild antihistamine action. Good 
sources of dietary vitamin C include citrus fruits 
and strawberries which are high in histamine 
and have histamine-liberating effects with exclu-
sion from the diet recommended. Therefore, 
supplementation for this group of patients could 
be a useful adjunct.

Vitamin C is available in a joint prepara-
tion with quercetin, a ubiquitous plant fla-
vonol found in fruit and vegetables. Quercetin 
is considered to have anti-inflammatory, anti-
oxidative and anti-carcinogenic activity. Its 
anti-inflammatory action allows it to be a mast 
cell stabiliser preventing degranulation and 
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days, followed by prophylaxis with once daily 
Mannocist one a week every month. 4.5% (n = 
1/22) compared with 33% (n = 7/21) of study 
participants who continued the prophylaxis 
developed a recurrent UTI at 6 months [47].

A larger study of 308 participants, compar-
ing 2 g D-mannose powder in 200 ml water with 
daily 50 mg nitrofurantoin and no prophylaxis, 
showed a significant reduction in recurrent UTI 
in both the antibiotic and D-mannose groups. At 
6 months, 14.6% in the D-mannose group and 
20.4% in the nitrofurantoin group, compared 
with 60% in the untreated group developed 
recurrent urinary tract infections [48].

The optimal treatment regime is yet to be 
determined. However, D-mannose is reported to 
be well tolerated with a good safety profile. For 
patients who develop recurrent UTI particularly 
caused by E.Coli a trial of D-mannose could be 
beneficial.

Methenamine Hippurate

Methenamine hippurate has been used as a uri-
nary anti-septic since 1899. It is a cyclic hydro-
carbon that is hydrolysed in acidic urine into 
ammonia and formaldehyde and is considered 
bacteriostatic. In vitro studies suggest an opti-
mal pH of <5.85 is required to produce the 
optimal bacteriostatic concentration of formal-
dehyde from methenamine, and therefore methe-
namine can be administered with ascorbic acid. 
Study results are heterogeneous, though some 
benefit has been noted in patients with recurrent 
UTI with no renal tract abnormalities [20]. A 
more recent small retrospective study of 38 renal 
transplant patients found that 1 g OD of methe-
namine reduced the risk of recurrent UTI, hos-
pital admissions and length of antibiotic therapy 
[49].

Methenamine has a low adverse-effect pro-
file and no risk of antimicrobial resistance. 
This could be a promising non-antibiotic treat-
ment option but should be avoided in patients 
with severe renal failure (GFR < 10 mL/min) 
due to the risk of toxic serum levels and hepatic 

Antibiotic Treatment

Large reviews have shown that long-term anti-
biotic prophylaxis, taken for 6–12 months, can 
significantly reduce clinical recurrences of a 
UTI comparing with placebo in both pre and 
post-menopausal women [45, 46]. However, 
there are no formal recommendations or con-
sensus to guide commencement of treatment or 
dose regime. There is a concern that prolonged 
antibiotic treatment can increase urinary and 
faecal microbial antibiotic resistance with other 
common side effects including vaginal and 
oral candidiasis and gastrointestinal symptoms 
[45]. Furthermore, the beneficial effects are not 
reported to be long-lasting with a diminished 
effect once prophylaxis stops. Therefore, a dis-
cussion between clinician and patient should be 
carried out to discuss the risks and benefits of 
long-term prophylaxis treatment [46].

D-Mannose

D-Mannose is monosaccharide extracted from 
larch rod. It is rapidly absorbed and excreted 
by the urinary tract. D-mannose inhibits bacte-
rial adhesion to the bladder urothelium there-
fore preventing the critical step to initiate a UTI 
caused by Escherichia coli (E.Coli). D-mannose 
inhibits the interaction between E.Coli FimH 
adhesion molecules, found at the tip of the 
E.Coli fibrillum, with mannosylated host pro-
teins at the surface of the urothelium by satu-
rating the FimH adhesins. Bacteria bound to 
D-mannose will remain free in the urine and 
consequently are expelled from the urinary tract 
with voiding [20].

D-mannose is available in granule form 
or tablet (Mannocist® 1.5 g Laboratori 
Farmaceutici Krymi, Rome, Italy) form. A 
small study of 43 patients with current UTI 
demonstrated a reduction in UTI recurrence 
at 6 months when comparing a treatment 
and prophylaxis regime of Mannocist with a 
once only treatment. The treatment included 
Mannocist twice daily for 3 days, daily for 10 
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If oral treatment with antihistamine medi-
cation or mast cell stabilising medication 
is not fully effective additional treatments 
may be sought to reduced symptom severity. 
Intravesical treatments with instillations using 
hyaluronic acid, chondroitin sulfate, dimethyl 
sulfoxide, corticosteroid (e.g. hydrocortisone, 
triamcinolone), lidocaine and heparin have been 
found to be effective in treating symptoms [7], 
although the best combination, dosage, and fre-
quency is yet to be determined.

Bladder dome or trigone injection with 
Botulinum toxin A, a neurotoxin, or triamci-
nolone, particularly in the presence of ulcera-
tion, have both been studied. Both have shown 
treatment benefit with a reduction in bladder 
pain, but neither are curative and require repeat 
treatment. Risks of urinary tract infection, dysu-
ria and urine retention have been reported with 
the use of Botulinum toxin [53].

If ulcerations are identified at cystoscopy, 
transurethral fulguration, ablation or resection is 
recommended producing symptom improvement 
in 50–81% of treated patients [54]. Medically 
recalcitrant cases may be suitable for sacral 
neuromodulation and may be of additional ben-
efit in treating pain symptoms as well as lower 
urinary tract symptoms. Success rates, particu-
larly with optimised protocols to include motor 
response with low (≤3 V) voltage stimulation 
can produce clinical benefit with a reduction in 
visual analogue pain scores and validated symp-
tom questionnaires in up to 95% of patients [55].

Resistant cases may benefit from adjuvant 
treatment with cyclosporine which inhibits 
production and release of lymphokines and 
therefore suppressing cell-mediated immune 
responses. The last line of treatment is surgery 
which can include urinary diversion without cys-
tectomy, augmentation ileocystoplasty and cys-
tectomy [56].

Pelvic Floor Muscle Spasm or High 
Tone Pelvic Floor Dysfunction

Palpable pelvic floor spasm or high tone pel-
vic floor dysfunction can be a cause of persis-
tent pelvic pain despite optimal management 

impairment. Optimal regimes have not been 
established and dosing can range from 1 to 4 g 
daily. The authors preferred regime is 1 g taken 
twice a day.

Topical Vaginal Oestrogen

Menopausal women are at increased risk of 
developing recurrent urinary tract infections. A 
fall in oestrogen promotes structural changes that 
can contribute to reduced urinary flow, increased 
post-void residual volume as well as an increased 
vaginal pH with the loss of commensal lacto-
bacilli. Replacement of oestrogen with topical 
oestrogen creams, oestrogen ring or vaginal 
pessaries aims to modulate the natural defences 
of the lower urinary tract against UTI [50]. 
Oestrogen receptors are normally present in the 
upper vagina, urethra and trigone. Replenishment 
of vaginal oestrogen in  post-menopausal women 
promotes glycogen storage within the vaginal 
epithelium which in turn allows lactobacilli to 
thrive. Lactobaccilli aid in maintaining a low 
vaginal pH by converting glycogen into lactic 
acid. An acidic vaginal pH is hostile to uropatho-
gens which can otherwise cause recurrent UTI in 
post-menopausal women [51, 52].

Vaginal irritation, burning or itching has been 
reported which can lead to treatment cessation.

Bladder Pain Syndrome Targeted 
Therapies

Antidepressants such as amitriptyline or dulox-
etine can help reduce bladder pain symptoms. 
Gabapentin and pregabalin may also be a useful 
adjunct to treat chronic pain symptoms.

Pentosan polysulfate (Elmiron®) is licenced 
for use in the treatment of bladder pain syn-
drome. However long-term high dose use can 
rarely cause pigmentary maculopathy and there-
fore regular ophthalmic examinations during the 
treatment are recommended. Other common side 
effects include alopecia, back pain, asthenia, 
dizziness, gastrointestinal discomfort, diarrhoea, 
pelvic pain and peripheral oedema.
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carried out by placing a fine needle into the area 
of maximal pain or trigger point, using rapid in‐
and‐out manoeuvres. The technique can be as 
effective as injection with local aesthetic [57].

For patients not responding to the above treat-
ments, injections with onabotulinum toxin A 
to the pelvic floor muscles are gaining popular-
ity to relieve pelvic floor spasm and associated 
pain. The Onabotulinum toxin A inhibits ace-
tylcholine release from presynaptic neurons at 
the nicotinic neuromuscular junction. It is also 
thought to prevent the release of pain-associated 
pro-inflammatory neurochemicals, including glu-
tamate, CGRP, and substance P. The treatment 
benefits have been reported to last 5–11 months. 
Adverse events are reported to be mild and tran-
sient including minor bleeding, constipation, 
temporary faecal incontinence, urine retention, 
vaginal heaviness or worsening vaginal prolapse, 
or worsening or new urinary incontinence [58].

Key Points

• The frequent presentation of the triad of 
PoTS, hypermobile EDS and MCAS suggests 
common pathophysiological mechanisms.

• There is a higher prevalence of recurrent uri-
nary tract infections.

• Bladder dysfunction in PoTS patients can 
lead to voiding dysfunction with an increased 
post-void residual or urinary retention.

• Bladder dysfunction in PoTS patients can 
lead to urinary frequency, urgency, nocturia, 
stress urinary and urgency incontinence.

• Bladder dysfunction in PoTS patients 
can be associated with bladder 
pain syndrome/interstitial cystitis.

• Patients with the triad of PoTS, hEDS, 
MCAS can present with chronic pelvic pain 
syndromes including pelvic floor dysfunction 
with spasm and increased pelvic floor tone.
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Gynaecological 
Considerations in PoTS

Visha Tailor and Vik Khullar

Introduction

The heterogenous, multifactorial condition of 
postural tachycardia syndrome (PoTS) is fre-
quently associated with other conditions includ-
ing Ehlers-Danlos syndrome (EDS) and mast 
cell activation syndrome (MCAS) which are 
discussed in depth separately in this book. To 
understand the burden of these associations this 
chapter will provide a brief overview of these 
associated conditions to facilitate the under-
standing of the gynaecological presentation in 
women with PoTS.

Two large questionnaire-based studies 
have been carried out to evaluate the presen-
tation, management pathway and common 
 co-morbidities in patients with PoTS. A USA 
initiated online questionnaire study between 
2015 and 2017 of 4835 patients diagnosed 
with PoTS, found that 25% also had a diag-
nosis of Ehlers Danlos Syndrome (EDS) and 
9% had been diagnosed with mast cell activa-
tion syndrome (MCAS) [1]. A similar British 
study of 779 PoTS patients in the UK identified 
49% of patients had associated EDS (using the 
Villefranche criteria) or generalised joint hyper-
mobility [2].

Studies into the prevalence of PoTS in those 
diagnosed with hypermobile EDS (hEDS) have 
identified that 74–94% of patients have orthos-
tatic intolerance and 41–49% have PoTS [3–5]. 
In comparison, 34% of healthy volunteers also 
displayed orthostatic intolerance.

hEDS and PoTS have associated 
 co-morbidities, some of which are overlapping, 
including sleep disturbance, chronic fatigue 
syndrome/myalgic encephalomyelitis (CFS/
ME), anxiety, depression, functional gastrointes-
tinal disorders, chronic pain syndromes such as 
fibromyalgia, and MCAS [6].

The formal diagnosis of MCAS can be given 
to patients with symptoms typical for MCAS, 
laboratory evidence of mast cell activation, and 
clinical improvement with mast cell directed 
therapy. Symptoms are often vague and varied 
and overlap with PoTS and hEDS symptoms. 
Those particularly suggestive of MCAS in PoTS 
patients include facial or upper trunk flushing, 
hives, diarrhoea, itchy skin, and urinary irrita-
bility. The clinical manifestation often occurs 
in flares or bursts produced by episodic release 
of mast cell mediators in response to specific 
stimuli. Triggers for symptom flare should 
be explored and may include normal activi-
ties of daily life like exercise, food or alcohol 
ingestion, medication, or even menstruation in 
women [7, 8].

Chronic infection may precipitate symptoms 
and contribute to the pathophysiology in patients 
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days to 35 days in an adult. The cycle has three 
phases involving the ovary (ovarian cycle) and 
the uterus (uterine cycle). The ovarian cycle is 
divided into the follicular phase, ovulation and 
luteal phase. The uterine cycle is divided into 
menstruation, proliferative phase and secretory 
phase.

During the follicular phase the increas-
ing oestrogen levels encourage proliferation of 
the endometrium following menses and devel-
opment of ovarian follicles. Approximately 
 mid-cycle ovulation occurs with a fall in oestro-
gen levels, a surge of luteinizing hormone (LH) 
and follicle stimulating hormone (FSH), fol-
lowed by the release of an oocyte from the dom-
inant follicle. LH and FSH can also be described 
as the gonadotrophin hormones, they are 
released by the anterior pituitary gland under the 
influence of gonadotrophin releasing hormone 
pulses from the hypothalamus. FSH encour-
ages follicle development. LH initiates the final 
maturation of the oocyte within the follicle. It 
also induces an inflammatory-type reaction to 
the apex of the follicle adjacent to the ovarian 
cortex to enable rupture of the follicle wall for 
ovulation.

During the luteal phase the dominant fol-
licle remnants form the corpus luteum which 
releases progesterone causing levels to rise. 
There is an associated rise in oestrogen until the 
mid-luteal phase, although not as pronounced as 
the rise that occurs towards the end of the fol-
licular phase. The endometrium enters the secre-
tory phase in anticipation of implantation of an 
embryo. In the absence of pregnancy, the corpus 
luteum involutes, progesterone levels fall, and 
menstruation follows with the follicular phase 
beginning again.

Menstruation can be described as an inflam-
matory event. A complex series of intra-uterine 
signalling occurs involving metalloproteinase 
enzymes, prostaglandin release and a release 
of chemotactic factors to draw leucocytes to 
the uterus. This invasion of leucocytes leads 
to release of inflammatory mediators such as 
prostaglandins E (PGE) and F (PGF). The PGE 
series stimulates pain, localised oedema, vasodi-
lation and synthesis of interleukin 8 which is an 

with hyperadrenergic PoTS and MCAS. These 
processes can underlie the presentations of blad-
der pain or pelvic pain to the gynaecology clinic.

Gynaecological Considerations

PoTS has a 5:1 female predominance with the 
onset or diagnosis most commonly given during 
the reproductive years between ages 15 and 50 
[9]. Given the frequent association of PoTS with 
joint hypermobility, EDS and MCAS, it is sen-
sible to understand the associated gynaecologi-
cal and lower urinary tract symptoms that more 
frequently presents in this group of patients 
(Table 1).

Menstrual Physiology

Human females experience a highly regu-
lated monthly menstrual cycle that normally 
allows for the ovulation of one oocyte in each 
cycle. There is a complex interaction between 
the hypothalamus, pituitary, ovary and uterus 
to facilitate this cycle. The length of the cycle 
is counted from the first day of a period to the 
first day of the next, typically varying from 21 

Table 1  Common gynaecological presentations and 
diagnoses in patients with PoTS, hEDS and MCAS

Menstrual dysfunction Menorrhagia
Intermenstrual bleeding
Anovulation
Dysmenorrhoea
Endometriosis

Fertility considerations Anovulation
Infertility/sub-fertility

Pain syndromes Dysmenorrhoea
Vulvodynia
Bladder pain syndrome
Fybromyalgia

Infection Vulval and vaginal infections
Urinary tract infections

Urogynaecological Vaginal prolapse

Bladder Overactive bladder symp-
toms
Voiding dysfunction
Bladder pain syndrome
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inflammatory and chemotactic mediator. PGF, 
particularly PGF2α produce myometrial con-
tractions and vasoconstriction. Vasoconstriction 
leads to localised tissue hypoxia exacerbating 
inflammatory mediator release [10].

Effects of the Menstrual Cycle 
in Women with PoTS

Women with PoTS may note an increase in their 
‘light headedness’ during the late luteal phase in 
the lead up to their menses and peaking in symp-
tom severity during menses. During this time 
in the menstrual cycle, the effect of oestrogen is 
impaired by the anti-oestrogen effect of progester-
one [11]. A rise towards a peak in oestrogen levels 
in the follicular phase around ovulation is associ-
ated with the improvement noted in ‘light-headed-
ness’ until ovulation. However, at ovulation there 
is a sudden drop in oestrogen for 24 hours and 
ovulation itself is associated with an inflamma-
tory episode to allow the release of the oocyte.

This pattern of light headedness is also 
reported in healthy women without a diagnosis 
of PoTS, though to a less severe degree. There 
is a reported increase in pre-syncopal episodes 
in both women with and without PoTS in the 
early follicular phase of the menstrual cycle 
compared to the mid luteal phase. This suggests 
a role of both oestrogen and progesterone in pro-
moting orthostatic tolerance in women [12] or 
as a result of the inflammatory process during 
menstruation.

The mechanisms and pathophysiology of 
PoTS is heterogenous. A reduction in blood 
and plasma volume is thought to contribute to 
a reduction in stroke volume resulting in reflex 
tachycardia during orthostasis [13] in a cohort 
of patients with PoTS. Dysregulation of the 
renin-angiotensin-aldosterone system may be a 
cause of or contribute to PoTS symptomology. 
Similarly, an elevated sympathetic tone can also 
be seen in PoTS patients which may represent 
the primary underlying pathophysiology or be 
secondary to another mechanism such as hypo-
volaemia or neuropathy [14].

Effects of Oestrogen 
and Progesterone on the  Renin-
Angiotensin-Aldosterone System

The renin-angiotensin-aldosterone system 
(RAAS) has an important role in haemody-
namic homeostasis. In patients with PoTS there 
can be a ‘normal’ levels of plasma renin activ-
ity with low levels of aldosterone. On standing, 
plasma renin activity can increase, and this has 
been shown to occur after 2 hours of standing; 
however a significant rise in aldosterone has not 
been observed. Patients with PoTS have and 
maintain a low aldosterone: renin ratio, even in 
the presence of hypovolaemia [12, 13].

Changes in oestrogen and progesterone lev-
els during the menstrual cycle can impact the 
RAAS which may contribute to the cyclical 
nature of the light-headedness or pre-syncope 
symptoms experienced by PoTS patients and 
healthy women [12].

Oestrogen decreases the synthesis of renin 
and angiotensin converting enzyme but increases 
angiotensinogen synthesis. There are 2 angio-
tensin II receptors, AT1R and AT2R which are 
thought to have opposing effects [15]. Oestrogen 
decreases the expression of AT1R in target tis-
sues which is responsible for the ability of angi-
otensin II to regulate blood pressure, maintain 
water-electrolyte balance and promote vasocon-
striction. Oestrogen increases the expression of 
AT2R, activation of which prevents the develop-
ment of pathological processes such as inflam-
mation, activation of the sympathetic nervous 
system, apoptotic cell death, autophagy, cardiac 
fibrosis and arterial stiffness [16].

Endogenous progesterone increases during 
the luteal phase and acts as a mineralocorticoid 
receptor antagonist. Aldosterone acts in the kid-
ney to promote sodium and water retention, with 
concomitant potassium and magnesium loss. 
Therefore, in the luteal phase antagonist interac-
tion by progesterone prevents sodium retention 
with a compensatory increase in renin secretion, 
plasma renin activity, angiotensin II and plasma 
aldosterone [17].
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activity (MSNA) which is attenuated in the 
upright position during the early follicular phase 
of the cycle [18] compared to the mid-luteal 
phase in healthy women not diagnosed with 
PoTS. This effect of the menstrual cycle has not 
been convincingly reproduced [19]. The reason 
why sex steroid concentrations would be related 
to MSNA in healthy individuals but not in PoTS 
patients is also unclear.

The vestibulosympathetic stimulation 
involved in regulating blood pressure is not 
thought to be affected by the menstrual cycle 
[18]. Attenuation of this reflex is more com-
monly associated with a reduction in arterial 
pressure that is seen with increasing age [20].

Hormonal Manipulation of the 
Menstrual Cycle

The menstrual cycle can be manipulated using 
synthetic hormones, for example the combined 
oral contraceptive pill, patch or vaginal ring, 
and progesterone only preparations. Combined 
oral hormonal replacement most commonly 
administers ethinylestradiol and a progesto-
gen to inhibit ovulation as the primary effect. 
In addition, endometrial atrophy, alteration 
of cervical mucus, altered tubal motility and 
impaired uterine receptivity to implantation can 
occur. Desirable side effects as a result include a 
reduction in dysmenorrhea, menstrual flow, and 
 pre-menstrual symptoms.

An alternative to combined hormonal treat-
ment is the administration of progestogen either 
orally, via an injectable intra-muscular depot, 
subdermal implant or using an intra-uterine 
device system (IUS) (Mirena®, Kyleena® or 
Jaydess®, Bayer Schering, UK). Progesterone 
administration can inhibit ovulation to vary-
ing degrees, older 1st or 2nd generation pro-
gestogen pills in particular inhibit ovulation 
inconsistently. The IUS causes marked endome-
trial atrophy with little effect on ovarian activ-
ity. For some there is a desirable side effect of 
amenorrhoea in ~20% using desogestrel, 70% 
using injectable progestogen, 20% with a sub-
dermal implant, and most patients with an IUS. 

In healthy women, therefore, the plasma 
renin activity and aldosterone increase, and 
plasma norepinephrine decreases during the 
luteal phase, when oestrogen levels are low and 
progesterone rising. The renal-adrenal response 
to orthostatic stress becomes significantly aug-
mented in the luteal phase compared with the 
follicular phase of the menstrual cycle. Blood 
pressure, heart rate, and the responses to orthos-
tasis however remains unchanged. Plasma cat-
echolamine concentrations are also not thought 
to be affected by the menstrual cycle [12].

In comparison, women with PoTS have 
greater supine plasma renin activity in the 
 mid-luteal phase compared with the early folli-
cular phase, in keeping with the change in oes-
trogen levels [12]. In the early follicular phase, 
cardiac output and stroke volume is lower, while 
total peripheral resistance is greater compared to 
the mid-luteal phase after 30 min of standing. In 
a small study of ten patients, women with PoTS 
were found to have lower average progesterone 
levels in the mid-luteal phase compared with 
controls. However, with no direct effect on the 
length of menses, the full relevance of this is 
unknown [12]. Lastly, the plasma catecholamine 
concentrations are not thought to be affected by 
the menstrual cycle in women with PoTS.

The hormonal changes in the mid-luteal 
phase are associated with greater increases in 
renal-adrenal hormones and thought to overall 
lead to an associated increase in volume reten-
tion, and therefore improved late standing toler-
ance in PoTS patients.

Effect of the Menstrual Cycle 
on Sympathetic Stimulation

Patients with PoTS can have raised resting 
sympathetic nerve activity, as measured by 
microneurography. Microneurography assesses 
postganglionic efferent nerve discharges lead-
ing to the skeletal muscle. Investigations into the 
role of the sympathetic activity during the men-
strual cycle in women with PoTS has yielded 
mixed results. It has been reported that the men-
strual cycle can affect muscle sympathetic nerve 
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research is needed to understand the impact 
of hormonal manipulation in women with 
PoTS and which method of administration is 
best tolerated.

Mast Cells and the Menstrual Cycle

At the end of the luteal phase of the men-
strual cycle, luteolysis begins in the absence 
of implantation of a blastocyst. There is struc-
tural and functional degradation of the corpus 
luteum with a fall in serum oestradiol and pro-
gesterone levels. This leads to triggering of a 
process causing superficial endometrial tissue 
breakdown. During the normal menstrual cycle 
there is a marked immune response predomi-
nantly involving lymphocytes, macrophages, 
neutrophils, and natural killer cells. Mast cells 
are also normally present in the basal endome-
trium and myometrium with an increased pres-
ence during menstruation [23]. Elevated levels 
of extracellular tryptase in the late secretory 
phase is suggestive of increased mast cell activa-
tion during this time. Tryptase and other media-
tors including histamines, cytokines and growth 
factors released by the mast cells, induce tissue 
oedema and activate proteolytic enzymes and 
matrix metalloproteinases. Activation of the 
matrix metalloproteinase cascade results in sub-
sequent degradation of extracellular matrix [24]. 
Upregulated mast cells and matrix metallopro-
teinase activation persists during menstruation.

Dysregulation of immune cells during the 
menstrual cycle is likely to create an inflam-
matory environment that can interfere with 
successful embryonic implantation, as well as 
contribute to other gynaecological patholo-
gies such as heavy menstrual bleeding or even 
endometriosis.

The role of mast cells specifically during the 
menstrual cycle is not otherwise fully under-
stood. However increased heparin-like activity 
has been reported in women with heavy men-
strual bleeding. Degranulation of mast cells pre-
menstrually and during menstruation leads to 
the release of the anti-coagulant heparin. Other 
mast cell products, including cyclooxygenase 

Irregular and unscheduled light bleeding is a 
common side effect of all progestogen use [10]. 
Women with EDS may find their joint disloca-
tions worsen with progestogens. In this situa-
tion a very low dose progestogen intra-uterine 
coil such as Jaydess® can be used, but a com-
promise has to be struck as this coil is effec-
tive for only 3 years rather than 5 years with the 
Mirena® coil (which has three times the dose of 
levonorgestrel).

Given that women with PoTS are more sus-
ceptible to orthostatic intolerance when both 
oestrogen and progesterone levels are low, sup-
plemental hormonal therapy with the combined 
oral contraceptive treatment, or even behaviour 
modification during the early follicular phase 
may improve symptoms. Combined use of oes-
trogens and synthetic progestogens may there-
fore enhance the oestrogenic effects on body 
sodium and blood pressure [17] through potent 
stimulation of the RAAS, particularly through 
first-pass hepatic metabolism. Synthetic pro-
gestogens with the exception of drospirenone 
are not mineralcorticoid receptor antagonists.

In contrast to the combined oral contracep-
tive pill (OCP), combined hormonal contracep-
tion administration using the transdermal patch 
(for example EVRA® Janssen-Cilag, UK) avoids 
hepatic first-pass metabolism. Theoretically, 
the contraceptive patch should not stimulate 
hepatic production of angiotensinogen [21]. 
Use of the contraceptive patch in normoten-
sive pre-menopausal women is associated with 
less RAAS activation as well as blunting of the 
RAAS response to a simulated orthostatic stress. 
Pre-menopausal women using the contraceptive 
patch were found to have significantly lower 
baseline levels of angiotensinogen, angiotensin 
II and plasma renin activity compared with com-
bined oral contraceptive use [22].

The use of combined oral hormonal treat-
ment is thought to have limited impact on sym-
pathetic neural control in young women and 
not considered to change basal MSNA levels 
in menopausal women. Long term transdermal 
administration of oestrogen however, can sup-
press basal MSNA without augmentation of 
arterial baroreflexes [18]. Overall, further 
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of MCAS [26]. It is important to remember that 
there are both histamine type 1 and 2 receptors 
present in the uterus and these can be targeted 
with anti-histamine medication.

Gynaecological Presentations 
in Women with PoTS

A questionnaire-based study sent to women with 
PoTS, revealed this group of women are more 
likely to be diagnosed with gynaecological con-
ditions compared to ‘healthy volunteers’. They 
may present more frequently with dysfunctional 
uterine bleeding, uterine fibroids, endometriosis, 
anovulation and ovarian cysts. They were not 
more likely to experience pre-menstrual symp-
toms when compared with healthy age matched 
controls [11, 27].

It is possible that the occurrence of gynaeco-
logical diagnoses may be related to the underly-
ing physiological changes of PoTS. However, 

(COX-2) enzymes and prostaglandins, are also 
increased in the endometrium of this group of 
women. Whilst prostaglandin production plays 
an integral role in the inflammatory process of 
normal menstruation, significantly elevated lev-
els in women with heavy menstrual bleeding 
may alter the function of surrounding endo-
metrial leukocytes. It has been reported that 
elevated levels of COX-2 and the resultant 
upregulated prostaglandins may even adversely 
affect the numbers and function of other leuko-
cytes and dendritic cell populations [24].

Clinically, in women with MCAS, mast 
cell activation and symptom flare can occur 
 pre-menstrually and with menstruation in 
approximately 25% [25]. At the extreme end of 
the clinical presentation spectrum, there are case 
reports of women who have experienced ana-
phylactoid reactions to the menstrual cycle.  The 
reports describe how women develop urticaria, 
abdominal cramps and bloating after consump-
tion of spice and shellfish, symptoms suggestive 

Table 2  Food table for diet modification

Note DAO—Diamine Oxidase

Histamine liberating foods Foods that inhibit DAO

Nuts—walnuts, cashews
Cocoa and chocolate
Pineapple
Citrus fruits
Kiwi
Strawberries
Tomatoes, ketchup, tomato juice
Pulses/legumes

Alcohol
Cocoa
Black tea
Green tea
Mate tea (chimarrão)

Foods high in histamine Foods considered low in histamine

Pickled foods
Matured cheese
Hard cheeses
Smoked or cured meats
Preserved fish products
Beans
Chickpeas
Soy beans and soy products
Alcohol—particularly red wine, beer
Nuts—peanuts, cashew, walnuts
Black and green tea
Cocoa and chocolate

Soft cheese
Fresh meats
Freshly caught seafood
Egg yolk
Pasta
Rice noodles
Yeast-free rye bread
Oats, oat milk
Corn/rice/crisp bread
Rice, puffed rice, rice milk
Fresh fruit: melon, blueberry, cranberries, lychee, mango, rhubarb, 
cherries, apricot, apple
Fresh vegetables: lettuce, cabbage, beetroot, pumpkin, onion, 
radishes, lamb’s lettuce, carrot, broccoli, potato, cucumber, leek, 
courgette/zucchini, sweet corn, asparagus, garlic
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Anovulation, pelvic pain, sexual dysfunction, 
vaginal dryness (25%) or the nature of a chronic 
condition could all be contributing negatively to 
fertility for these women [28].

Pain is a common symptom in women with 
PoTS and is associated with other systemic 
conditions such as fibromyalgia. Related to 
gynaecology 31.7–77% report dyspareunia and 
approximately 30% describe vulvodynia [28–
31]. This may be related to underlying pathology 
such as endometriosis, recurrent vaginal infec-
tion (53%) or vaginal dryness (25%) [28]. The 
pain can be described as burning, stinging or 
irritation that is intermittent, persistent, immedi-
ate or delayed. Pain can be felt in the vagina or 
introitus and can be provoked by touch, pressure 
or friction in a generalised or localised distribu-
tion. Vulvodynia, were pain is triggered by touch 
of the skin around the vaginal entrance, can also 
be associated with additional pain syndromes 
and co-morbidities including high tone pelvic 
floor dysfunction, fibromyalgia, bladder pain 
syndrome/interstitial cystitis and irritable bowel 
syndrome (covered separately) [33].

The presentation of vulvodynia is similar to 
the nature of symptoms that are associated with 
MCAS. It is a complex pain syndrome that is 
poorly understood. However increased mast 
cells and sensory hyperinnervation of the vulva 
have been identified. A study of vulval biopsy 
in patients with vulvodynia identified >60 
mast cells/mm2 (range, 40–120 mast cells) in a 
 sub-epithelial distribution or clustering around 
the vestibular glands [34]. The majority of these 
identified mast cells were present in a degranu-
lated or activated state. This chronic inflamma-
tion can lead to the development of nociceptive 
and neuropathic pain over time [35].

Traditionally treatment for vulvodynia has 
involved systemic tricyclic antidepressants (ami-
triptyline), gabapentin, topical 2% amitriptyline 
and 2% baclofen cream or lidocaine. Surgical 
management has also been described with vary-
ing success following vulvar excision and ves-
tibulectomy and is often reserved for women 
that have failed conservative and medical man-
agement. Given the association of POTS with 
MCAS, a trial of mast cell stabiliser treatments 

PoTS is commonly associated with hEDS which 
is likely to contribute to the wide presentation 
of gynaecological and genitourinary symptoms, 
often with more than one symptom reported. It 
should also be acknowledged that patients with 
PoTS receive greater medical attention and inves-
tigation which may lead to an increase in diagno-
ses or acknowledgement of symptoms [11].

Gynaecological Presentations in EDS 
and MCAS

The gynaecological presentations in female 
patients with EDS have been best described 
in patients with hEDS and are similar to those 
described in women with PoTS. The prevalence 
of gynaecological problems in women with 
hEDS has been identified through questionnaire 
or survey-based studies. Approximately a third 
of women report normal menses [28]. Menstrual 
disturbances include menorrhagia (32.9–76%), 
recurrent anovulation (41.3%), irregular menses 
(28–46.3%), inter-menstrual bleeding (18.6%), 
endometriosis (15.8%) and dysmenorrhoea (72–
92.5%) [28–31].

Menorrhagia or heavy menstrual bleeding is 
overall experienced by up to 15% of menstruat-
ing women; however, the exact pathophysiologi-
cal mechanisms are largely unknown. In women 
with the triad of PoTS, hEDS and MCAS, 
there may be increased mast cell activation and 
release of heparin which will contribute to this 
increased prevalence of menorrhagia as well as 
dyspareunia and vaginitis. A novel treatment 
modality with diphenhydramine, a first genera-
tion H1 antagonist with anticholinergic prop-
erties, has been reported. Diphenhydramine 
administered as a vaginal douche has been suc-
cessfully used to reduce dysfunctional uterine 
bleeding in patients diagnosed with MCAS who 
were not fully responsive to oral administration 
of H1 and H2 antagonists [32]. Whilst these 
authors do not recommend this form of treat-
ment at this time, it provides insight into the 
development of novel future treatment methods.

From a survey of 1225 women with 
EDS 44.1% self-reported infertility [30]. 
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Food storage will affect the histamine content 
of food and therefore it should be refrigerated 
ideally uninterruptedly before consumption. 
Fermented or microbially ripened products (e.g. 
alcoholic products, vinegar, yeast, bacteria), 
perishable fresh produce with inadequate/uncer-
tain freshness or with an interrupted cooling 
chain (eg seafood) should be avoided. Canned, 
finished or semi-finished products or foods for 
 re-heating with long storage time should also be 
avoided.

Patients suspected of histamine intolerance 
due to low serum diamine oxidase will benefit 
from low dietary intake of amines including his-
tamine (Table 2). A small study of 20 patients 
with low diamine oxidase activity (<40 HDU/
ml) showed an improvement or disappearance 
of symptoms after 6 months of a low histamine 
diet. A relapse in symptoms was noted if a high 
histamine meal was ingested [39].

A histamine limited diet can impose com-
plex restrictions and can negatively impact the 
quality of life of patients [40]. Therefore, in 
the absence of benefit, patients can be encour-
aged to revert to a healthy balanced diet if the 
trial fails to improve symptoms. In the future it 
may be possible for personalised recommenda-
tions for dietary modifications to be developed 
through the study of an individual’s glycaemic 
and microbiome profile and response to specific 
foods [37].

Histamine Receptor Antagonists

Oral medication with both histamine‐receptor 
1 (H1) and histamine-receptor 2 (H2) antago-
nists can reduced the histamine burden released 
by mast cells and provide symptomatic relief. 
Historically this has been the most frequently 
used treatment approach. Second generation H1 
antagonists such as loratidine, cetirizine, fex-
ofenadine and desloratadine, thought to be less 
sedating, are now commonly prescribed; there 
are over 40 preparations available worldwide.

Ranitidine is a H2 antagonist. It is more 
commonly used to reduce stomach acidity, but 
can also be used to target H2 receptors in the 

such as histamine type 2 blockers, ketotifen 
1 mg at night or rupatadine 10 mg once a day 
should be considered.

Women with hEDS may also present with 
labial oedema and erythema which can be trig-
gered by intercourse. It can be associated with 
pelvic floor muscle spasm, dyspareunia and 
vulval irritation. The nature of these symptoms 
is thought to be related to the underlying col-
lagen abnormalities but may also be indicative 
of mast cell activation. During sexual arousal, 
blood flow to the genitals increases, leading to 
genital vasocongestion. PoTS theoretically may 
influence this process with exaggerated pooling 
of blood in the lower extremities, combined with 
tissue laxity which may explain this presentation 
[36]. It is also useful to explore additional symp-
toms associated with MCAS to aid symptom 
management as the oedema and erythema may 
represent localised intravaginal pressure urti-
caria related to MCAS [32].

Treatments

Lifestyle and Dietary Changes

General relaxation, stress and pain management, 
patient education, self-care and behavioural 
modification can be useful adjunctive treatment 
to help manage and cope with this chronic con-
dition. Manual physical therapy/trigger point 
techniques are often a first line non-invasive 
treatment method for pain symptoms such as 
vulvodynia or pelvic floor muscle spasm.

Many patients with PoTS and MCAS go 
through a trial of exclusion diets and pro‐biot-
ics with variable success. Histamine and other 
biogenic amines are present to various degrees 
in many common foods, and their presence 
increases with maturation. Manipulation of diet 
by controlling histamine intake can therefore 
alleviate and stabilise symptoms over time.

Patients with evidence of MCAS can ben-
efit from exclusion of mast cell liberating foods 
such as egg-white, citrus, chocolate and crus-
taceans (Table 2) [37, 38]. In general, fresh, 
unprocessed or basic foods should be tolerated. 



149Gynaecological Considerations in PoTS

Novel use of sodium cromoglycate treatment 
includes vaginal douching with sodium cromo-
glycate intended for oral use mixed with warm 
saline to reduce vulvovaginitis following inter-
course in a patient with MCAS [32]. Again, the 
authors do not currently recommend this prac-
tice at present time but acknowledge there may 
be innovative was to treat seemingly resistant 
symptoms.

Side effects of sodium cromoglycate include 
an intolerance of the medication, transient bron-
chospasm with inhaler use, arthralgia, nausea, 
rash and rarely eosinophilic pneumonia with 
inhaled use [43].

Ketotifen

Ketotifen is a first-generation antihistamine with 
H1 receptor antagonist properties as well as a 
mast cell stabilising action. It is available as eye 
drops for allergic conjunctivitis, and as tablets or 
oral solution. Common side effects of ketotifen 
include drowsiness in up to 40% of users [41], 
gastro-intestinal discomfort and dry mouth. The 
authors prescribe an increasing dose of ketotifen 
every 2 weeks commencing with 0.5 mg once 
or twice daily to reach up to 2 mg twice daily 
if benefits are experienced and side effects 
tolerated.

Patients with endometriosis in addition 
to bladder pain syndrome / interstitial cysti-
tis (BPS/IC) with features of MCAS may have 
additional benefits from the use of ketotifen if 
tolerated. Animal studies using mice models 
of endometriosis demonstrated a reduction in 
hyperalgesia, reduction of mast cells in model 
endometriotic cysts, down regulation of angio-
genesis and reduced serum histamine and TNF-α 
concentrations in the ketotifen treated mice [44].

Vaginal Prolapse

Pelvic organ prolapse is defined as descent of 
one or more of the anterior vaginal walls (cen-
tral, paravaginal or combination cystocele), pos-
terior vaginal wall (rectocele), the uterus and 

bladder to reduce inflammation contributing to 
BPS/IC symptoms. Cimetidine is an alternative 
H2 antagonist. However, inhibition of diamine 
oxidase can occur and therefore is to be avoided 
if histamine intolerance is suspected or serum 
diamine oxidase is found to be low.

Combined treatment with H1 and H2 antag-
onists is typically prescribed to take on a daily 
basis for a trial of at least 4 weeks–6 months. 
Symptom improvement with this treatment sup-
ports the diagnosis of MCAS and should be con-
tinued to maintain symptoms control. However, 
there is only one randomised controlled trial to 
support which dose, combination or duration of 
treatment regime is most efficacious [41].

Sodium Cromoglicate

Sodium cromoglicate or cromolyn disodium 
inhibits mast cell activation through an elusive 
and unknown mechanism therefore prevent-
ing the release of histamine and tryptase and 
preventing the synthesis of inflammatory pros-
taglandins and leukotrienes. It has been shown 
to diminish the early and late phase allergic 
response by mast cells to antigen challenge. 
Cromolyn has recently been shown to activate 
the G protein coupled receptor GPR35. This 
receptor is present on mast cells, basophils and 
eosinophils. It is upregulated after mast cell 
exposure to IgE antibodies but is also described 
as a Gαi/o—coupled inhibitor of synaptic trans-
mission. Animal studies have suggested an 
 anti-nociceptive effect after agonist binding [42].

Sodium cromoglicate is available as eye 
drops (for allergic conjunctivitis), intra-nasal 
spray (for allergic rhinitis), inhaler (for asthma) 
and tablet form (for food allergy with diet 
restriction). Oral administration may be used to 
treat the gastrointestinal symptoms of MCAS. 
Case reports also describe the successful use 
of inhaled sodium cromoglicate and a selec-
tive COX-2 inhibitor (e.g. celecoxib) to reduce 
 pro-inflammatory prostaglandins that modu-
late mast cell activation to treat anaphylaxis 
like symptoms during menses in a woman with 
PoTS and MCAS [26].
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fibre size which can lead to the development of 
pelvic organ prolapse [48].

The clinical features of EDS are caused by 
underlying defects in the collagen type I, III and 
V gene as well as defects in proteins important 
for the post-translational modifications and pro-
cessing of these collagens [28] which is thought 
to contribute to the increased risk of developing 
genital prolapse in this group of patients.

Treatments for pelvic organ prolapse include 
conservative measures with weight reduction 
and pelvic floor muscle exercises, vaginal pes-
saries and lastly surgery. There is an overall 
12.6% lifetime risk for prolapse surgery [21]. 
Pelvic organ prolapse of the uterus and cervix is 
an indication for a vaginal hysterectomy. Rates 
of hysterectomy vary globally and are decreas-
ing, but it is a common operation that more than 
a third of American women undergo by the age 
of 60 [49]. It is unclear if this is increased in 
women with joint hypermobility. To compare, 
from a self-reported survey, 19% of women with 
hEDS report undergoing a hysterectomy [29]. 
There is also thought to be an increased risk of 
prolapse recurrence following surgical treatment 
and need for repeat surgery in women with a 
Beighton score of four or more [49].

Key Points

• The frequent presentation of the triad of 
PoTS, hypermobile EDS and MCAS suggests 
common pathophysiological mechanisms.

• Women with PoTS have more frequent men-
strual irregularities.

• PoTS symptom flares can be associated with 
MCAS triggers such as menstruation, inges-
tion of histamine liberating food or foods 
high in histamine for example.

• PoTS symptoms can be ameliorated by sup-
pressing the menstrual cycle with progesto-
gens, continuous combined oral contraceptive 
pills or intra-uterine progestogen releasing 
coils.

cervix or the apex of the vagina after hysterec-
tomy (vaginal vault). This can be asymptomatic 
or present as awareness of a bulge or lump in the 
vagina, vaginal heaviness or discomfort particu-
larly worse on standing, improvement with lying 
and associated lower back ache. It is particu-
larly common for parous women with an overall 
estimated prevalence of 37–50% of women on 
examination, with a lower symptomatic preva-
lence in 3–8% of women [45]. Common risk 
factors include increasing age, parity, meno-
pause, obesity and genetic factors.

Clinically significant pelvic organ prolapse 
is thought to be more prevalent in women 
with EDS and joint hypermobility. From 
 self-completed surveys, 15.3% of women with 
hEDS report pelvic organ prolapse [28]. Women 
with joint hypermobility also have a signifi-
cantly higher prevalence of genital pelvic organ 
prolapse in comparison to women with normal 
mobility with a pooled odds ratio of 2.37 (95% 
confidence interval 1.54–3.64) [46]. In particular 
anterior vaginal compartment prolapse may be 
more common and associated with voiding dif-
ficulties [47].

Alterations to collagen metabolism is rel-
evant to the aetiology of pelvic organ prolapse. 
Collagen types I, III and V are the main provid-
ers of strength to soft tissues. Collagen type I 
is non-elastic and provides resistance to tensile 
forces and is a major structural component of 
the vaginal epithelium and endopelvic fascia. 
Collagen type III has elastic properties and col-
lagen type V, whilst widely distributed is only a 
minor fibrillar collagen. Increased Type III and 
type V collagen are more prevalent in flexible 
tissues [48].

Type III collagen is typically overexpressed 
in pelvic tissues from women with prolapse 
and in the hypermobile population. There is an 
associated decrease in type 1 collagen with an 
increased type III to type I collagen ratio. This 
is associated with an overall decrease in tensile 
strength of connective tissue due to decreased 
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Dizziness—The 
Audiovestibular 
Perspective

Louisa Murdin and Katherine Harrop-Griffiths

Introduction

Dizziness is a cardinal symptom in PoTS. It has 
been reported as a symptom in 90% of PoTS 
patients, and 43% describe their dizziness as a 
spinning sensation [1]. However, it is important 
to consider reported dizziness carefully since 
there can be multiple different mechanisms 
for this symptom, and it is not uncommon for 
patients with PoTS to experience more than 
one mechanism of dizziness. PoTS may have 
specific associations with additional conditions 
that can also cause dizziness, such as migraine, 
although further research is required to verify 
this. Dizziness is also a common symptom in 
the general population and therefore an indi-
vidual with PoTS may well have dizziness 
from causes unrelated to PoTS itself [2]. These 
additional conditions may have specific effec-
tive  evidence-based treatments. It is important 
therefore to adopt a systematic approach to the 
evaluation of dizziness, and where the patient 
describes more than one type of dizziness symp-
tom, each needs to be evaluated separately.

Vestibular Pathology as a Cause 
for Dizziness

• The vestibular organs function as the body’s 
sensor system for linear and angular accelera-
tion of the head.

• Vestibular disorders can cause disabling 
symptoms of dizziness or vertigo.

• Many vestibular disorders have specific effec-
tive treatments.

Essential Clinical Anatomy 
and Physiology of the Vestibular 
System

• The key components of the vestibular organs 
are:
– the three semi-circular canals which are 

orientated in three planes and detect angu-
lar acceleration; and

– the otolith organs (saccule and utricle) 
which detect linear acceleration.

• Output signals from the vestibular organs are 
relayed via the eighth cranial nerve to the 
vestibular nuclei in the brainstem.

• The four key neurological connections of the 
vestibular system are:
– to the extra-ocular muscles (the  vestibulo- 

ocular reflex, VOR) for gaze stability.
– to the muscles of posture (the 

 vestibulo-spinal reflex, VSR) to maintain 
core stability and upright posture.
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• Factors which promote vestibular 
compensation
– early mobilisation
– good visual function

• Factors which inhibit vestibular compensation
– prolonged use of vestibular sedative medi-

cation (cinnarizine, prochlorperazine, 
cyclizine)

– persistent avoidance of movements which 
provoke dizziness

– poor mobility
– poor visual function
– migraine
– secondary depression or anxiety.

Common Causes of Vertigo

1. Acute unilateral vestibular loss (vestibu-
lar neuritis and labyrinthitis)

Vestibular neuritis is a clinical condition in 
which there is acute unilateral loss of vestibular 
function, frequently attributed to a viral infec-
tion [3]. It occurs fairly commonly.

Much less common and often confused with 
vestibular neuritis is labyrinthitis which presents 
as acute vertigo accompanied by sensorineural 
hearing loss. The cause may be vascular occlu-
sion or bacterial or viral infection, although in 
clinical practice most are idiopathic. Bacterial 
labyrinthitis is very rare in adults and is associ-
ated with significant systemic upset and maybe 
meningitis.

Clinical features of vestibular neuritis

• The presentation is of acute vertigo, often 
incapacitating and associated with vomiting, 
persisting for days and gradually diminishing.

• There is a positive head thrust test (see Box 1).
• There is vestibular nystagmus (see Box 2).
• It is treated with short term (less than one 

week) vestibular sedatives/antiemetic, if 
needed, followed by mobilisation and vestib-
ular rehabilitation, if needed.

• In some cases, symptoms can persist and 
develop into a more chronic form of dizziness. 

– to the autonomic nervous system to main-
tain homeostasis.

– to the cerebral cortex for perception of 
balance.

Clinical Presentation of Acute 
Unilateral Vestibular Dysfunction

A key clinical presentation in vestibular medi-
cine is acute unilateral loss of vestibular func-
tion, for example as seen in vestibular neuritis 
(see below). The signs and symptoms relate to 
the four key outputs listed in the previous 
section.

When the vestibular system is disrupted 
acutely, individuals may experience:

• seeing surroundings moving, due to disrup-
tion of the vestibulo-ocular reflex, seen by 
clinicians as nystagmus;

• imbalance, due to disruption of the 
 vestibulo-spinal reflex;

• nausea and vomiting, due to disturbance of 
autonomic reflexes;

• the sensation of being dizzy, due to the corti-
cal projections.

All symptoms tend to be worse during head 
movement in any plane and persist in any pos-
ture. This means that vestibular symptoms, 
unlike those related to orthostatic intolerance, 
tend to be persistently problematic when lying 
down; unless the patient is able to stay com-
pletely still while supine. Older patients may 
not describe vertigo specifically but can describe 
more non-specific dizziness symptoms.

Clinical Recovery from an Acute 
Unilateral Loss of Vestibular Function 
Occurs via Vestibular Compensation

Symptomatic recovery from acute unilateral loss 
of vestibular function is usually complete, and 
takes around three months. This is due to the 
process of cerebral compensation, occurring in 
the central nervous system [3].
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Predictors for chronicity include both physi-
ological variables related to integration of 
visual and vestibular function, and also psy-
chological factors including anxiety [4].

2. Benign paroxysmal positional vertigo 
(BPPV)

BPPV is the commonest cause of recurrent ver-
tigo in adults. It is caused by calcium carbon-
ate crystal debris from otolith organs becoming 
trapped in one of the semi-circular canals, usu-
ally the posterior  semi-circular canal.

Clinical features of BPPV

• There are recurrent episodes of short lived 
(<1 min) positional vertigo, provoked by 
movements in the plane of the posterior 
semi-circular canal such as turning in bed 
or extending the neck (“top shelf vertigo”, 
for example when in the shower, at the 
hairdressers).

• There is a positive Dix Hallpike test (see Box 3).
• It is treated very effectively with particle 

repositioning manoeuvres such as the Epley 
manoeuvre [5].

3. Vestibular migraine

Vestibular migraine is the association of episodic 
vestibular symptoms (such as vertigo or head 
motion intolerance) with migraine headaches or 
other migrainous symptoms such as aura, pho-
tophobia or phonophobia. It is the commonest 
cause of recurrent vertigo in children [6].

Clinical features of vestibular migraine

• There are episodes of vertigo or other ves-
tibular symptoms associated with migrainous 
features such as headache, light or sound sen-
sitivity or aura.

• Examination is usually normal in between 
episodes.

• Hearing tests such as pure tone audiometry 
are usually normal.

• Management is along standard lines for 
migraine with trigger avoidance if possible, 
migraine prophylaxis for frequent symptoms, 
with additional short term vestibular seda-
tives for acute vertigo relief [7].

4. Meniere’s disease

Meniere’s disease is believed to represent the 
clinical syndrome associated with endolymphatic 
hydrops (altered pressure regulation within the 
fluid filled spaces of the inner ear). It is much less 
common than BPPV or vestibular migraine [2].

Clinical features of Meniere’s disease

• There are episodes of vertigo with vomiting 
lasting 30 min to a few hours.

• There is unilateral tinnitus, aural fullness or 
hearing disturbance associated with the ver-
tigo episodes.

• Pure tone audiometry characteristically 
shows a fluctuating low frequency sensori-
neural hearing loss on the affected side.

• Management options include regular beta-
histine, or a low salt diet (with a low level of 
evidence base) and intratympanic steroids or 
gentamicin that can be provided in ENT clinics.

5. Stroke

Stroke in the posterior circulation is a rare cause 
of isolated acute vertigo, but it is important not 
to miss this diagnosis because the clinical course 
can be potentially catastrophic.

Clinical features of vertigo due to stroke

• There are usually other neurological signs/
symptoms.

• There is nystagmus which is not of peripheral 
vestibular type (for example, vertical, bidirec-
tional, unsuppressed by visual fixation).
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episodic, with vestibular neuritis being the 
main exception because the vertigo is more 
continuous.

• What started your dizziness?
– Head injury/ear surgery. Consider benign 

paroxysmal positional vertigo (BPPV) . If 
associated with a concomitant ipsilateral 
hearing loss, patients will need to be seen 
in a neurotology clinic to consider rarer 
causes such as structural abnormality of 
the inner ear, temporal bone fracture, peri-
lymph fistula or other disorders.

– Stress. Consider anxiety. Remember 
though that anxiety is a very common com-
plication of somatic causes of dizziness.

– Medication. A common cause of dizzi-
ness, especially centrally acting medica-
tions like antidepressants and anxiolytics, 
and antihypertensives.

– Boat, plane or other long trip. Consider 
mal de debarquement. Often associated 
with vestibular migraine this can be a con-
tinuous feeling of vertigo.

– Upper respiratory tract infection. 
Consider vestibular neuritis.

• What brings on your dizziness?
– Lying down or rolling over in bed, looking 

up to tall cupboards or reaching up to the 
washing line? Consider BPPV in an adult 
over 30 years of age. If younger, ask about 
head injury and if not present consider 
referral for specialist assessment as causes 
can include intracranial tumour or other 
central conditions.

– Standing up? Consider postural hypoten-
sion or PoTS.

– Menstrual cycling, alcohol, food? 
Consider vestibular migraine.

– Stress? Consider vestibular migraine or 
anxiety.

– Straining, diving, carrying weights, 
going down a deep tunnel (e.g. Tube 
train)? Consider referring to ENT or 
 Neuro-otology for evaluation of rare 
causes such as a perilymph fistula.

– Loud sounds? Consider referring to ENT 
for evaluation of rare causes such as a 
superior semicircular canal dehiscence.

• The head thrust test is negative.
• There is associated acute unilateral sensori-

neural hearing loss.

6. Chronic dizziness and persistent percep-
tual postural dizziness (PPPD)

Acute or episodic dizziness of any cause can 
become chronic in a number of cases. This can 
result in the functional neurological disorder 
persistent perceptual postural dizziness (PPPD). 
Mal de debarquement is a subtype related to 
maladaptation after a long boat trip.

Clinical features of PPPD

• There are fluctuating symptoms of 
 non-rotational dizziness present most days 
and lasting three months or more.

• Symptoms tend to be worse in rich visual 
environments such as supermarkets or rail-
way stations.

• Symptoms tend to be worse in the upright 
posture.

• Migraine, neck pain and fatigue are common 
associates.

Treatment is multidisciplinary and can include 
exercise-based therapy, psychological and 
 medication-based components.

Clinical Assessment of the Dizzy 
Patient—History

• What do you mean by dizziness? Vertigo is 
a feeling of abnormal subjective movement. 
This is usually rotatory but does not have to 
be; the description can be of more subtle dis-
orientation. Light-headedness or feeling as if 
about to pass out is not vertigo. Losing con-
sciousness is extremely rare when vertigo is 
due to vestibular disease.

• Is the feeling continuous or episodic? 
Continuous vertigo persisting for months 
or more can either be PPPD or be central in 
origin. Most vertigo of peripheral origin is 
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Other History

• A history of cardiovascular disease, hyper-
lipidaemia, diabetes mellitus, hypertension or 
other vascular risk factors may indicate a vas-
cular origin.

• A family history of vertigo may suggest ves-
tibular migraine or, rarely, Meniere’s disease 
or Episodic Ataxia type 2.

• A long standing hearing loss with vertigo as a 
consequence of minor head trauma raises the 
possibility of a structural abnormality such as 
widened vestibular aqueducts. A family his-
tory of hearing loss may help.

Examination

1. General observation and blood pressure—
lying and standing

 Looking for: postural hypotension, hyperten-
sion, tachycardia

2. Otoscopy
 Looking for: signs of middle ear disease, 

cause of any associated hearing loss
3. Eye movements
 Looking for: nystagmus, cranial nerve palsy, 

abnormalities of saccades or smooth pursuit 
movement

4. Head thrust test
 Looking for: impairment of the 

 vestibulo-ocular reflex
5. Cranial nerves and other neurological 

examination
 Looking for: indicators of neurological disease
6. Stance and gait assessment
 Looking for: ataxia, signs of neurological dis-

ease, functional gait disturbance
7. Dix Hallpike test
 Looking for: BPPV, central positional 

nystagmus.

Who to Refer?

• Any red flag signs for neurological or otolog-
ical disease.

• Dizziness with any hearing loss or auditory 
symptoms.

• Do you have any associated symptoms?
– Nausea. This is a common accompani-

ment of vertigo. Vomiting is less common 
but denotes that the vertigo is marked.

– Headache. Consider vestibular migraine. 
Do not forget intracranial tumour, benign 
intracranial hypertension or other second-
ary causes of headache. Also ask about 
light and sound sensitivity.

– Hearing loss and/or tinnitus. Consider 
Meniere’s disease or perilymph fistula or 
abnormal inner ear anatomy.

– Hearing internally generated sounds e.g. 
heartbeat, eye movements, autophony. 
Consider superior semicircular canal 
dehiscence.

– Visual changes. Consider the aura of 
migraine, visual changes with multiple 
sclerosis or the oscillopsia and visual lag 
that occur with vestibular disorder.

– Neurological symptoms. Consider intrac-
ranial pathology, episodic ataxia type 2 or 
multiple sclerosis.

What Is the Time Course?

• Sudden Onset: A sudden onset of severe ver-
tigo lasting a week with resolution can indi-
cate vestibular neuritis or, more rarely, stroke. 
In posterior inferior cerebellar artery (PICA) 
strokes there will often be other symptoms 
and signs of lateral medullary syndrome. In 
anterior inferior cerebellar artery (AICA) 
strokes hearing will often be affected.

• Episodic: BPPV causes episodes of vertigo 
with characteristic head position triggers. 
Vestibular migraine is the most common 
cause of spontaneous episodic vertigo. Other 
episodic presentations include Meniere’s 
disease when there is an accompanying fluc-
tuating unilateral hearing loss and tinnitus, 
vestibular paroxysmia with very short epi-
sodes (minutes), Episodic Ataxia type 2 asso-
ciated with cerebellar symptoms and signs. 
Positional symptoms can, rarely, have a cen-
tral cause.

• Continuous: Consider PPPD or a central 
cause.
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as illustrated, and makes rapid but small head 
movements in the lateral plane of around 20 
degrees. The patient should be able to maintain 
visual fixation during the passive head thrust. If 
there is a vestibular lesion on one side, this abil-
ity is impaired. Slower movements are used to 
compensate so that a corrective “catch-up” sac-
cade is observed.

Box 2: How to distinguish vestibular from 
central nystagmus in acute vertigo

Peripheral (vesti-
bular) Central

Direction Horizontal Verticala

Consistency Always beats in 
the same direc-
tion, no matter 
where the gaze is 
directed

Can change 
direction, 
depending on the 
direction of gaze

Effect of visual 
fixation

Suppressed in 
the light, so 
can be better 
seen with an 
ophthalmoscope

Unaffected by 
visual fixation

aThe exception is BPPV, in which induced posi-
tional nystagmus seen in a Dix Hallpike test has 
an upbeat component due to the involvement of 
the posterior semi-circular canal

• Positional vertigo which is recurrent or unre-
sponsive to conventional manoeuvres.

• Chronic dizziness lasting three months or more.
• Vestibular migraine impacting quality of life 

despite standard treatments.

Conclusion

Patients with dizziness due to PoTS can expe-
rience other causes of dizziness. In some cases 
there may be a specific relationship of PoTS 
and another dizziness condition. Clinical experi-
ence suggests there may be an association with 
vestibular migraine, and possibly also PPPD, 
but further research is needed to clarify this 
hypothesis. Individuals with PoTS can also get 
other common dizziness conditions. A knowl-
edge of common and important causes of dizzi-
ness is essential for the systematic assessment of 
these patients, in order to implement appropriate 
effective management strategies.

Box 1: How to do the head thrust test

The patient is instructed to fixate on a specific 
point, usually the bridge of the examiner’s nose. 
The examiner then holds the patient’s head 

Box 1 Head thrust test
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Box 3: How to do the Dix Hallpike test
With the patient seated on the examination 
couch, the examiner holds the patient’s head at 
an angle of 45° from the midline. The patient 
is then moved rapidly to a supine position with 
the neck extended. Posterior canal benign par-
oxysmal positional vertigo produces a torsional 
nystagmus when the affected ear is lowermost. 
Note that the examiner can perform an adequate 
Hallpike manoeuvre with the head resting on the 
couch as opposed to hanging the head off the 
couch.
Figure taken from [8]
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Key Abbreviations

AAG  Autoimmune Autonomic Gangliopathy
ANA  Antinuclear antibody
APLS  Antiphospholipid syndrome
ASIA  Autoimmune/autoinflammatory syn-

drome induced by adjuvant
gAChR  Ganglionic acetylcholine receptor
HPV  Human papillomavirus
NMDA  N-methyl-d-aspartate
PoTS  Postural tachycardia syndrome
WHO  World Health Organisation

Introduction

The underlying aetiology of PoTS remains 
unknown. An autoimmune basis has been pos-
tulated and there is increasing evidence to sup-
port this, but it remains inconclusive. One 
difficulty is the lack of a clear definition of an 
autoimmune condition. Moreover, many of 

the autoimmune findings in PoTS are widely 
varying, nonspecific, and lacking consistency. 
Nevertheless, there are clear features of PoTS, 
which do suggest underlying autoimmunity. 
This chapter reviews the current evidence sup-
porting PoTS as an autoimmune condition. The 
chapter will be divided into four main themes of 
evidence:

1. The clinical features
2. Presence of triggering event
3. Presence of autoantibodies
4. Response to immunomodulatory treatments.

1. The Clinical Features

A key hallmark of autoimmune conditions is the 
preponderance in females, which is also seen in 
PoTS [1]. The incidence of PoTS in females has 
been estimated at 80–94%, with females being 
five times more likely than males to develop 
PoTS [2, 3]. Compared with males, females pro-
duce more antibodies from B cells and exhibit a 
T helper-2 predominant immune response. The 
T helper-2 responses are often associated with 
heightened antibody facilitated pathology. These 
sex differences may relate to oestrogen, and oes-
trogen is known to promote inflammation, which 
can lead to the development of autoimmun-
ity [4]. Oestrogen has been shown to directly 
bind to hormone receptors on immune cells 
and cytokine receptors are present on oestrogen 

© Springer Nature Switzerland AG 2021 
N. Gall et al. (eds.), Postural Tachycardia Syndrome, https://doi.org/10.1007/978-3-030-54165-1_20

G. Rull · M. D. Lobo 
Barts BP Centre of Excellence, Barts Heart Centre, 
St Bartholomew’s Hospital, West Smithfield, London 
EC1A 7BE, UK

G. Rull (*) · M. D. Lobo 
Barts NIHR Cardiovascular Biomedical Research 
Unit, Charterhouse Square, William Harvey 
Research Institute, Queen Mary University London, 
London EC1M 6BQ, UK
e-mail: gurvinder.rull@nhs.net

https://doi.org/10.1007/978-3-030-54165-1_20
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-54165-1_20&domain=pdf


164 G. Rull and M. D. Lobo

criteria for PoTS [16]. Other reported associated 
autoimmune conditions include Hashimoto’s 
thyroiditis and Rheumatoid arthritis (both adult 
and juvenile) [10]. Table 1 lists various condi-
tions associated with PoTS.

2. Presence of a Triggering Event

Autoimmune conditions are the result of the 
interplay between genetic and environmental 
factors [17]. A number of autoimmune diseases 
begin with a triggering event. This may be infec-
tion, trauma, vaccines, or surgery for example 
[18]. Many of these events are known to acti-
vate the immune system [10]. Indeed the initial 
reports of PoTS by Da Costa in 1871 described 
episodes of postural tachycardia following intes-
tinal infection and war wounds [19]. PoTS after 
concussion has also been described, with an 
incidence of 11.4% in the first 3 months in one 
cohort [20]. Fatigue is common in PoTS as is 
exercise intolerance, features also seen in viral 
infections such as coxsackie B and  Epstein-Barr 
virus and some chronic bacterial infections 
including Lyme disease.

Vaccination and its role in the aetiology of PoTS 
has led to much controversy. Three vaccines are 
available towards Human papillomavirus (HPV) 
type 16 and 18, produced by recombinant tech-
nology. HPV vaccination has been associated 
with new onset PoTS supported by a number of 
case reports [21–26]. The time to development 

producing tissues [5]. Oestrogen has also been 
shown to facilitate the production of various 
interleukins and cluster differentiating cells that 
promote immune responses [6–8]. Females with 
PoTS also have a higher incidence of oestrogen-
related gynaecological disorders [9].

There are clinical features in PoTS com-
mon to those in chronic immune dysfunction 
[10]. Although classically PoTS lead to tachy-
cardia and dizzy spells, many patients describe 
other non-specific symptoms such as tiredness, 
poor concentration, and sleep disorders. These 
symptoms are often encountered in autoim-
mune conditions. In addition, PoTS leads to 
significant morbidity occurring at the prime of 
life, which is again seen in many autoimmune 
diseases. Autoimmune disorders rarely affect a 
single organ and in PoTS there is also evidence 
of multiple organ pathology for example, gastro-
intestinal tract dysmotility and mast cell related 
allergic features.

PoTS patients often report a personal history 
or family history of autoimmune disorders, esti-
mated at around 20% [11]. A family history of 
PoTS suggests the possibility of a genetic pre-
disposition, similar to other autoimmune dis-
eases [3, 12, 13]. Penny et al. reported a higher 
incidence of biopsy proven Coeliac’s disease 
in PoTS compared with the general popula-
tion (4% compared with 1% respectively), and 
self-reported gluten sensitivity was also higher 
than controls [14]. The bowel symptoms may 
occur either before or after a diagnosis of PoTS. 
Sjögrens syndrome is closely associated with 
PoTS and the initial presentation of Sjögrens 
syndrome is very similar to PoTS [10]. In one 
case series of 55 patients with Sjögrens syn-
drome, 13 had autonomic dysfunction of which 
eight would fit the diagnosis of PoTS [15]. In 
cases with neurological manifestations, these 
were noted to precede the Sicca syndrome by up 
to 10 years. Furthermore, those with neurologi-
cal manifestations may have negative autoan-
tibody tests although positive salivary gland 
histology. In another study, 8 out of 15 patients 
with antiphospholipid syndrome (APLS) and 
symptoms of autonomic dysfunction met the 

Table 1  Some of the reported co-morbid conditions 
seen in PoTS patients

Co-morbid conditions associated with PoTS

Sjögrens syndrome [52, 65, 66]
Hashimotos thyroiditis [38]
Coeliac’s disease [14]
Antiphospholipid syndrome [16]
SLE [38, 67]
Rheumatoid arthritis [3]
Raynauds syndrome [68]
Multiple sclerosis [69]
Chronic fatigue syndrome [70]

Ehlers Danlos syndrome [71]
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is days or months after vaccination, the major-
ity occurring after the second vaccination. 
In the United States, post-marketing surveil-
lance of 100,000 reports revealed approxi-
mately 120 cases of PoTS after HPV vaccine 
in the age range of 6–29 years [27]. PoTS is 
not the only possible autoimmune condition 
described after HPV vaccine, one case report 
of a 14-year-old patient discusses the develop-
ment of PoTS and chronic fatigue syndrome 
two months after a second HPV vaccination 
(Gardasil type) [22]. This patient tested positive 
for antinuclear (ANA; titre 1:1280), lupus anti-
coagulant, and antiphospholipid antibodies. A 
large  post-licensure, safety study has looked at 
the interaction between HPV vaccine and auto-
immune conditions and failed to find any clear 
associations [28]. Unfortunately, PoTS was not 
one of the defined conditions in this observa-
tional study although, syncope remains one of 
the commonest adverse events following HPV 
vaccine [29]. Currently, WHO 2017 has not 
reported any safety concerns [30].

Vaccines result in protection through stimu-
lation of the immune system; an effect much 
greater than that expected through infection, 
and thus it would be expected that other vac-
cines should also lead to PoTS type conditions. 
Certainly, PoTS has been reported after treat-
ment with the H1N1 influenza vaccine, menin-
gococcal vaccination, and varicella vaccine 
[31]. Nevertheless, the incidence is 3–5 times 
higher with HPV vaccines suggesting either 
presence of greater immune change with HPV 
or other as yet, unknown factors [31]. Further, 
these effects may be intensified for vaccines 
where multiple doses are given within a short 
space of time [22]. This may explain the dif-
fering frequency of PoTS and various vaccina-
tions. Excipients must also be considered when 
determining causality. The Gardasil type HPV 
vaccine contains aluminium and this can elicit 
immune changes [ASIA—autoimmune/autoin-
flammatory syndrome induced by adjuvant) [32, 
33]. HPV may have a preferential effect on the 
circulation and the vaccine shares a number of 
peptides with human proteins shown to produce 
a number cardiac manifestations [34]. Table 2 

lists the different types of events that have been 
described as triggering PoTS.

3. Presence of Autoantibodies and Other 
Immunological Findings

Autoimmune conditions have circulating 
autoantibodies in some or the majority of cases. 
Much work has been done to try to identify the 
autoantibodies in PoTS if it is indeed an autoim-
mune condition. Autoimmune autonomic gan-
gliopathy (AAG), is a rare condition with severe 
diffuse autonomic failure in which 50% of 
patients have presence of (nicotinic) ganglionic 
acetylcholine receptor (gAChR) autoantibodies. 
AAG has many similarities with PoTS in terms 
of being associated with a precipitating event 
at onset and overlap of symptoms. PoTS may 
represent one phenotype of AAG and gAChR 
antibodies have been detected in PoTS patients 
[35]. Depending on the  cut-off values and assays 
used, a prevalence of 10–20% has been reported 
in PoTS with serum levels of gAChR correlat-
ing with disease severity [36–38]. However 
gAChR autoantibodies are present in 4–5% of 
controls and improved assays mean  low-positive 
results are being seen more readily and appear 
to be less clinically significant [37, 39]. None-
the-less gAChR autoantibodies are associated 
with autonomic dysfunction and autoimmune 
rheumatic disease. Vernino and colleagues also 

Table 2  The different types of events that have been 
described as triggering PoTS

Triggering event

Infection (viral and bacterial)
[36, 70, 72–77]
Vaccination [26, 31, 78, 79]
Trauma [13]
Pregnancy [36, 72]
Surgery [34]
EDS/JHS [71, 80]
Psychosocial stress [36]
Mast cell activation disorder [81]
Lyme disease [82]
Other autoimmune disease [83]

Medications e.g., antihypertensives, antipsychotics [12]
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the general population [11]. They also found 
that 7% of the patient group had APLS anti-
bodies. Five of the patients had more than one 
comorbid autoimmune condition. Of the spe-
cific autoimmune conditions, 11% had a history 
of Hashimotos thyroiditis, 5% antiphospho-
lipid syndrome, and 2% systemic lupus ery-
thematosus and 2% Sjögrens syndrome, all of 
which supports autoimmunity in PoTS. One 
case report found serum anti-NMDA recep-
tor antibodies following HPV vaccination with 
PoTS but no encephalitis [41, 47]. Non-specific 
autoantibodies towards various cardiac proteins 
have also been detected including towards pro-
teins implicated in cardiac hypertrophy, cardiac 
remodelling, and cardiomyopathy [25]. Table 3 
summarises the autoantibodies detected in PoTS 
to date.

It is not just autoantibodies that have been 
investigated in PoTS but also other immuno-
logical changes have been reported that lend cre-
dence to the role of chronic immune activation. 
Cytokines like interleukin 6 are associated with 
increased sympathetic nervous system activity 
[48]. This can also result in circulatory changes 
including vasodilatation and increased vascular 
permeability [49].

4. Response to Immunomodulatory 
Treatments

Given the potential for an underlying autoim-
mune disorder, there have been a number of 
case reports in patients with PoTS using immu-
nomodulatory treatments. The treatments used 
include intravenous immunoglobulins, immu-
nosuoppressant agents, monoclonal antibodies, 
plasmapheresis, and stem cell infusion [47, 50–
56]. The outcomes must be viewed with caution 
as they are reported in patients with widespread 
dysautonomia and not always PoTS. More spe-
cific to PoTS, one report of two patients with 
APLS and PoTS showed symptom improvement 
with intravenous immunoglobulin, when treat-
ment for APLS failed [16]. PoTS after HPV vac-
cination has been treated with immunotherapies, 
plasmapheresis and prednisolone with varying 
results [47, 57, 58]. Vagus nerve stimulation 
(which is known to induce an  anti-inflammatory 

found lower levels of gAChR autoantibodies in 
milder forms of dysautonomia including PoTS 
[35]. The gAChR α-3 subunit has been more fre-
quently associated with PoTS [37]. In this study, 
those who were seropositive for the gAChR α-3 
subunit had more autoimmune complications. 
Some of the major criticisms of the studies of 
gAChR include the use of different methods of 
detection, differing cut-off levels, and no defined 
levels of specificity or sensitivity [10]. Vernino 
also postulated some patients may have their 
gAChR antibodies stored in organs making them 
inaccessible to the current measurement meth-
ods [35].

Other autoantibodies that have been detected 
in PoTS include G-protein coupled receptor 
autoantibodies that activate α1 and β-adrenergic 
receptors and muscarinic cholinergic receptor 
autoantibodies [40–42]. Fedorowski showed 
that adrenergic receptor autoantibodies from 
PoTS patients act as both direct activators of 
adrenergic receptors as well as demonstrat-
ing  allosterically-mediated positive modulatory 
effects on β1 adrenergic receptors and a negative 
modulatory effect on α1 adrenergic receptors 
leading to enhanced effects of the sympathetic 
nervous system on posture [43]. These findings 
might explain why there is a change in heart rate 
but not much significant change in blood pres-
sure in PoTS. In a recent report involving 55 
patients with PoTS, it was observed that 89% of 
PoTS patients had elevated levels of antibodies 
to the α1-adrenergic receptors and that 51% had 
elevated antibodies to the M4 muscarinic cholin-
ergic receptor. Intriguingly muscarinic choliner-
gic receptor antibody titres were only elevated 
in those patients who had antibodies to the 
α-adrenoceptor [44]. Evidence therefore exists 
to support autoimmune involvement of both the 
sympathetic and parasympathetic nervous sys-
tems in PoTS although further research to clar-
ify the role of these autoantibodies is needed.

Angiotensin II receptor type I receptor 
autoantibodies have also been reported and may 
have a role in orthostatic circulatory homeosta-
sis [45, 46]. Blitshteyn reported ANA positiv-
ity in 1:4 patients with PoTS, mostly with low 
tires (1:40 to 1:320), which is still higher than 
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description of a wide variety of autoantibodies, 
which may just be innocent bystanders. Much 
of the information is based around case reports 
and there is a paucity of randomised trials. The 
selection criteria for many of the studies have 
often been biased, with some centres using only 
the most symptomatic of patients or only those 
with detectable autoantibodies. Assays and 
 cut-off points are often different between stud-
ies making a comparison of the current literature 
difficult. Further work must include larger num-
bers of patients, more consistent autoantibody 
detection methods, and a greater focus on PoTS. 
An additional understanding of the mechanisms 
behind the predominance of autoimmune con-
ditions in females may lead to the detection of 
further biomarkers and antibodies in PoTS. 
Similarities with AAG can also not be ignored 
and better gAChR and G-protein coupled anti-
body assays which are inexpensive and more 
widely available are needed.
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Mast Cell Activation 
Syndrome (MCAS)

Clive E. H. Grattan

Introduction

The mast cell has become a focus of increased 
interest in health and disease. It is ubiquitous in 
humans and widely represented in the animal 
kingdom. It forms part of the innate immune sys-
tem with ramifications for health that are often 
hidden until activation results in illness symp-
toms. It is best known as a cause of immediate 
hypersensitivity reactions that may be confined 
to a single organ, such as the skin, eye or nose 
or a more generalized reaction involving multiple 
body systems, culminating in anaphylactic shock. 
The physiology of the mast cell is complex with 
both pre-formed and newly formed mediators 
being released on activation to cause acute effects 
on blood vessels, sensory nerve endings and 
smooth muscle cells that may lead to illness if 
activation is sufficiently intense and widespread. 
Subclinical activation no doubt occurs since 
mediators, like histamine, can be detected in 
blood and other tissues of healthy individuals and 
may be important in day-to-day physiological 
health. It is simplistic to think of mast cells being 
activated in isolation from other inflammatory 
and immunological events. Biopsies of tissues 
involved in immediate allergic reactions show 

ingress of other cell types including eosinophils, 
neutrophils, basophils and lymphocytes that take 
days to disperse even when disease symptoms 
have improved. Mast cells numbers may increase 
in chronic inflammation and this may offer evi-
dence of benefit as much as harm.

Mast cells originate in the bone marrow 
from pluripotent precursor cells and migrate 
in the blood to tissues where they mature into 
stable populations with specific characteristics 
under the influence of local cytokines. They 
are probably fixed once they have matured 
with prolonged survival but natural involution 
(apoptosis) will be influenced by factors includ-
ing expression of gain-of-function mutations 
in the membrane receptor for stem cell factor 
known as KIT. There is an element of plastic-
ity in respect of mast cell surface receptors that 
may be expressed or hidden, depending on the 
degree of maturation or activation so there is a 
degree of dynamism to an individual cell that 
will influence whether, in highly simplistic 
terms, it is ‘sleepy’ or ‘awake’. A key mem-
brane receptor in addition to KIT is FcεRI, the 
high affinity receptor for IgE. Activation results 
in a cascade of calcium-dependent signalling 
events resulting in degranulation with exter-
nalization of granules containing histamine, 
heparin and tryptase and other preformed medi-
ators with generation of leukotrienes (includ-
ing LTC4, D4, E4) and prostaglandin D2 from 
arachidonic acid metabolism. Cross-linking of 
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as in food and exercise-induced anaphylaxis. 
Anaphylaxis that has no apparent cause or 
combination of causes is called idiopathic. This 
systemic reaction is usually accompanied by 
a rise and fall in blood tryptase over 6 hours, 
peaking at 1 hour, which can be diagnostic. 
By contrast, localized mast cell degranulation 
in single organ systems, including skin, eye, 
nose and lung would not be expected to cause 
a significant rise in tryptase. The best example 
of a cutaneous mast cell activation disorder is 
urticaria. This can be localized or generalized, 
mild or severe. It may be accompanied by deep 
swellings of the skin or oral mucosa called 
angio-oedema. Spontaneous and inducible sub-
types may co-exist.

Allergic rhinitis and conjunctivitis are also 
mast cell activation disorders. They may occur 
together or separately. Allergic rhinitis is often 
associated with asthma with exacerbations 
involving mast cell activation. There are no dis-
ease states characterised exclusively by mast 
cell degranulation of bowel, bladder, or brain 
although mast cells are present in these tissues 
and may be activated. Increased numbers of 
mast cells may be present in chronic inflam-
mation involving skin, bowel and bladder. It is 
likely that they are reactive to the inflammation 
rather than a cause of it. By contrast, accumula-
tion of clonal mast cells in mastocytosis (‘too 
many mast cells’) in different tissues is inde-
pendent of inflammation. The mutated KIT 
transmembrane receptor promotes mast cell 
survival and expression of aberrant markers 
including CD2 and CD25. These are not pre-
sent in reactive (non-clonal) mast cells. Clonal 
mast cells expressing CD2 and CD25 may 
be more ‘twitchy’ than normal resident mast 
cells, thereby presenting an increased risk of 
anaphylaxis, after multifactorial activation or 
activation after a specific stimulus, such as an 
allergen.

Mast Cell Activation Disorders (MCAD)

A unifying concept of mast cell disorders was 
proposed by Akin et al. in 2010 to provide 
a structured approach for the assessment of 

specific IgE on FcεRI by allergen is the clas-
sic stimulus for an immediate allergic event 
that may be localized (e.g. immunological con-
tact urticaria) or generalized (e.g. anaphylaxis). 
Other mechanisms, such as binding of IgG anti-
IgE to the heavy chain of cell bound IgE (in 
chronic spontaneous urticaria and as a standard 
laboratory stimulus) or autoantibodies against 
the α-subunit of FcεRI may lead to cutaneous 
mast cell and basophil degranulation but do not 
appear to activate mast cells systemically. There 
is increasing indirect, and some direct evidence, 
that IgE directed against specific autoanti-
gens is relevant to some patients with chronic 
spontaneous urticaria through FcεRI activa-
tion. Other receptors expressed on mast cells 
of potential relevance to activation include the 
C5a receptor, toll-like receptors (TLR) stimu-
lated by infections and Mas-related G-protein-
coupled receptor (MRGPRX2) that has recently 
been proposed as an important signalling recep-
tor for the neuropeptide, substance P, and drug-
induced degranulation. Signalling receptors are 
different to markers of activation that include 
the membrane expressed cluster differentiation 
antigens, CD63, 69 and 203c. In short, the ori-
gin, distribution and physiology of mast cells 
is complex, dynamic and interactive with other 
inflammatory cells, extracellular proteins, neu-
ral and vascular tissues and this might, perhaps, 
be relevant to possible overlap between mast 
cell activation and the autonomic nervous sys-
tem. Detailed information on mast cell physiol-
ogy is available in standard texts of Allergy [1] 
and Immunology [2].

Background

Anaphylaxis is a potentially life-threatening 
event characterised by the sudden onset of 
severe hypotension, difficulty with breathing 
or both. It is often accompanied by skin mani-
festations with or without bowel symptoms 
[3]. It may have an allergic or a non-allergic 
cause. A single cause may not be identifiable 
if more than one stimulus has to be present at 
the same time to induce mast cell activation, 
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patients with illness related to mast cell activa-
tion [4]. The authors confined the concept to 
patients with episodic and severe symptoms 
involving one or more tissues. They broadly 
classified mast cell disorders into primary (acti-
vation with evidence of underlying clonality, 
namely patients meeting all or some criteria for 
mastocytosis), secondary (activation due to a 
known cause, including IgE mediated anaphy-
laxis and autoimmune or physical urticarias) 
and idiopathic (no cause identifiable). They 
separated idiopathic anaphylaxis from idiopathic 
mast cell activation syndrome (MCAS), which 
was a diagnosis of exclusion. They also pro-
posed three fundamental criteria for making a 
diagnosis of MCAS (Table 1). The patient must 
present with episodic severe symptoms sugges-
tive of mast cell activation in at least two body 
systems concurrently, the patient must respond 
to appropriate anti-mast cell mediator treat-
ments and there must be objective evidence of 
mast cell degranulation in blood or urine assays 
on at least two occasions. These criteria have 
remained unchanged over several revisions of 
the original proposal and should be regarded 
as a necessary burden of proof for a confirmed 
diagnosis of MCAS. Akin later proposed includ-
ing idiopathic anaphylaxis within MCAS [5].

Publications from different authors since the 
original article have taken different viewpoints. 
Valent et al. included patients with primary, sec-
ondary and idiopathic causes of episodic mast 
cell activation under the umbrella term of mast 
cell activation syndromes (confusingly in the 
plural) [6] and Afrin et al. have broadened the 

concept even further to include illness that may 
relate to mast cell activation in patients with 
chronic disease as diverse as obesity, athero-
sclerosis, hypertension, chronic kidney disease, 
inflammatory bowel disease, fibromyalgia, neu-
ropsychiatric disease and autoimmune disease 
with a very wide range of possible clinical fea-
tures [7]. All authors emphasise the wide dif-
ferential diagnosis of illnesses that present with 
overlapping symptoms but are unrelated to mast 
cell activation. There is now increasing conver-
gence of opinion in Europe and the US [8, 9] 
on a restricted definition of MCAS as an illness 
(now referred to as primary, secondary or idi-
opathic syndromes) where mast cell activation 
plays a pivotal role, presenting with recurrent 
mast cell activation with systemic consequences 
of known or unknown cause. This evolution over 
the last decade embraces the mast cell activation 
disorders originally proposed by Akin et al. [4] 
but not urticaria because it does not usually pre-
sent in at least 2 body systems. By moving away 
from a concept of MCAS being an uncommon 
and unexplained clinical syndrome when other 
recognisable causes of mast cell activation have 
been excluded, it has almost become a surro-
gate group term for recurrent anaphylaxis or 
near-anaphylaxis of any cause and this may or 
may not represent an advance in daily clinical 
practice. Opinion is however hardening against 
inclusion of chronic illness with other diagnostic 
labels that may have some overlapping symp-
toms and incomplete or absent evidence of epi-
sodic mast cell activation. This contrasts with 
non-specialist opinion that mast cell activation 

Table 1  Criteria for mast cell activation syndrome

1. Episodic clinical features consistent with mast cell mediator release affecting ≥ 2 organ systems,

(a) Cutaneous: wheals, angio-oedema, itching, flushing
(b) Gastrointestinal: nausea, vomiting, diarrhoea, abdominal cramping
(c) Cardiovascular: hypotensive syncope or near syncope, tachycardia
(d) Respiratory: wheezing or angio-oedema of the oropharynx with shortness of breath
(e) Naso-ocular: conjunctival redness, chemosis, pruritus, nasal stuffiness
2. A decrease in frequency or severity or resolution of symptoms with anti-mast cell mediator therapies: H1 
and H2 antihistamines, antileukotrienes or mast cell stabilizers (sodium cromoglicate)

3. Evidence of an increase in a validated urinary or serum marker of mast cell activation: documentation of an 
increase of the marker to greater than the patient’s baseline value during a symptomatic period on ≥ 2 occasions
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expression of CD25 on extracutaneous mast 
cells.

• Single organ mast cell activation disorders: 
urticaria is understood to be due to mast cell 
activation in nearly every instance with the 
exception of non-immunological contact 
urticaria and the mechanistically unrelated 
hereditary angio-oedema. Rhinitis, conjunc-
tivitis and asthma are often, but not exclu-
sively, due to mast cell activation following 
allergen exposure. Single-organ symptoms 
due to mast cell activation are very impor-
tant in their own right but do not define a 
syndrome.

• Reactive mast cell hyperplasia: mast cell 
numbers can increase in chronic inflamma-
tion. Their role in the inflammatory process 
is unclear. A reactive increase will diminish 
as the inflammation resolves. Reactive mast 
cells are mature and not clonal.

• Alpha tryptasaemia: patients with per-
sistently raised blood tryptase may have 
an inherited copy gene multiplication in 
TPSAB1. Symptoms described with the 
mutation include urticaria, irritable bowel 
syndrome symptoms and autonomic dysfunc-
tion, including PoTS [11]. More needs to be 
known about the spectrum of clinical features 
in symptomatic and asymptomatic individu-
als and any enhanced risk of mast cell acti-
vation in addition to constitutively increased 
tryptase levels. It is not a subset of MCAS.

• Mast cell activation syndrome (MCAS): 
the currently accepted definition of MCAS is 
a recurrent intermittent severe illness affect-
ing at least two body systems (skin, gas-
trointestinal, cardiovascular, respiratory or 
naso-ocular) concurrently with laboratory 
evidence of mast cell activation from any 
cause on at least two occasions and respond-
ing to anti-mast cell mediator therapies [8, 
9]. A wider definition of chronic illness with 
mast cell involvement is a different con-
cept where some patients may benefit from 
anti-mast cell mediator therapies as indirect 
evidence of mast cell activation. However, 
therapeutic gains alone do not equate to an 

may be a key feature of complex chronic illness, 
including postural tachycardia syndrome (PoTS) 
and hypermobile-type Ehlers-Danlos syndrome 
(hEDS). Clinical experience shows that mast cell 
disease and PoTS, hEDS or both may sometimes 
coincide, but coincidence is not proof of MCAS. 
The full diagnostic criteria in Table 1 still have 
to be met. The importance of being as correct 
as possible is to give the most appropriate treat-
ment and to avoid a risk of mislabelling other ill-
ness with overlapping symptomatology (such as 
ischaemic heart disease, endocrine disorders or 
malignancy) that may otherwise be missed with 
serious consequences for health. Correct diagno-
sis is also important to minimise unnecessary or 
inappropriate investigations incurring risk, anxi-
ety and costs.

Terminology around mast cell-related illness:

• Mastocytosis: an expansion of mast cell 
numbers, for which a clonal origin can usu-
ally be demonstrated, presenting in skin, sys-
temically or both. The increase in mast cells 
above normal may or may not cause symp-
toms. Systemic mastocytosis (as defined by 
the updated 2016 WHO criteria [10]) is diag-
nosed by biopsy of bone marrow or any tis-
sue other than skin. Mastocytosis is usually 
indolent but may rarely present with, or pro-
gress to, advanced disease (aggressive sys-
temic or mast cell leukaemia). Mastocytosis 
may also be complicated by anaphylaxis that 
may be due to allergen exposure, non-allergic 
triggers or be multifactorial and remain unex-
plained. Recurrent anaphylaxis in patients 
with mastocytosis due to any cause is now 
accepted as a presentation of MCAS.

• Monoclonal mast cell activation syndrome 
(MMAS): is uncommon but could typically 
present with recurrent symptoms of mast 
cell activation, including anaphylaxis at the 
severe end of the spectrum, in patients with 
some features of mastocytosis but who do not 
fulfil the full WHO criteria. For example, a 
patient presenting with one or two minor cri-
teria of clonality found in systemic mastocy-
tosis including the common KIT mutation or 
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and subsides within an hour if histamine is the 
major mediator but other mediators, including 
leukotrienes and prostaglandins, are almost cer-
tainly relevant. Transient flushing will usually 
accompany itch and may be generalized. Weals 
may be small or large, confluent, localized or 
generalized in anaphylaxis. They are often sym-
metrical in distribution. Itchy linear weals after 
light skin stroking or scratching is called symp-
tomatic dermographism (a type of inducible 
urticaria). Angio-oedema of deeper mucocu-
taneous surfaces may occur anywhere on the 
body, including the oropharynx but favours the 
soft tissues of the face and, sometimes, genita-
lia. By contrast with weals, angio-oedema may 
present asymmetrically and extend over hours 
to become bilateral. Mild angio-oedema may 
be difficult to distinguish from other causes of 
tissue oedema including positional oedema, 
pregnancy, the acute phase of allergic contact 
dermatitis, some drugs (e.g. calcium antago-
nists) and less common general medical causes 
including heart failure, superior vena cava 
obstruction and hypoalbuminaemia.

Respiratory features of acute mast cell 
activation

Difficulty with breathing may be due to upper 
airways obstruction from angio-oedema or 
lower airway obstruction due to bronchial 
spasm, oedema and mucus plugging. Oedema 
of the larynx may present with a scratching 
or tickling sensation in the throat followed 
by a sensation of tightness, coughing and 
loss of voice. Feeling unable to draw in suffi-
cient breath will often lead to panic with rapid 
inspiratory effort. Swelling of the lips can be 
very unsightly but is not a cause of respiratory 
obstruction, whereas bilateral tongue swell-
ing or laryngeal oedema can cause respiratory 
obstruction with a risk of suffocation when 
extreme. Wheezing is a feature of expiratory 
difficulty due to bronchospasm. Sneezing and 
congestion of the upper respiratory tract may 
be an early sign of an impending anaphylactic 
reaction.

MCAS label. Clinical experience supports 
the adoption of the acronym CHARISMA 
(chronic antihistamine-responsive illness 
as an indirect sign of mast cell activation) 
as a practical surrogate for better scientific 
understanding of the physiological events 
underlying complex illness symptoms. More 
information from careful retrospective data 
collection, audit and prospective studies is 
needed.

Epidemiology of MCAS and Complex 
Illness with Suspected Mast Cell 
Activation

Patients with primary or secondary MCAS share 
the epidemiology of their underlying condition. 
There is no gender difference for those with 
mastocytosis, allergic or idiopathic anaphylaxis.

By contrast, evidence from large studies on 
patients presenting with complex illness symp-
toms (including those with PoTS and hEDS) 
and suspected mast cell activation is lacking but 
clinical experience shows that females predomi-
nate [9]. Patients with this may present after 
puberty or later with increasing health issues 
requiring time off school or work and rarely in 
childhood. Other patients present acutely after 
an identifiable illness in adult life but onset in 
the elderly is rare.

Clinical Presentations of MCAS

Symptoms and signs of acute mast cell acti-
vation may present in cutaneous, respiratory, 
cardiovascular, gastrointestinal and urogenital 
systems.

Cutaneous features of acute mast cell 
activation

The most constant and troublesome feature is 
itch. Other descriptors include burning, prick-
ling, biting or pricking sensations. It tends to be 
maximal within minutes of the onset of an event 
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Investigation

There are no tests that are one hundred percent 
specific and sensitive for mast cell activation. 
This is partly due to the lack of highly sensitive 
detection markers for events that occur in tissue 
initially with ‘spill over’ into blood followed by 
elimination in urine and partly because detect-
able mediators of inflammation, including hista-
mine, are not specific to mast cells. Furthermore, 
biochemical assays that are currently available 
have not been validated in the context of mast 
cell activation cut-off’s shown to be clinically 
relevant in large and carefully controlled stud-
ies of healthy controls and populations of inter-
est. Blood tryptase is considered to be the best 
marker of anaphylaxis and less severe systemic 
mast cell activation events. Beta tryptase peaks 
in the blood around 1 hour after anaphylaxis 
and returns to baseline in 6 hours. A rise of 20% 
from baseline with + 2 ng/ml has been agreed 
by an international panel to be relevant to mast 
cell activation in mastocytosis [12]. A rise of at 
least 30% in urinary methyl histamine above 
the upper limit of normal has been proposed as 
an arbitrary threshold for clinical relevance in 
a recent publication on MCAS [13]. Timing of 
collection of acute samples is also relevant and 
handling of samples to minimize degradation 
before and during assays has been highlighted.

Histamine and histamine degradation 
products

Histamine is produced from histidine by his-
tidine decarboxylase in several cell types but 
only stored in granules of mast cells and baso-
phils, which are therefore the major source. 
Endogenous histamine is broken down in vivo 
by N-methyl transferase to N-methyl histamine, 
which is eliminated in urine and is much more 
stable to degradation but undergoes a further 
oxidation step to methyl imidazole acetic acid 
(MIMA). Diamine oxidase is said to be the main 
metabolic enzyme for dietary histamine which is 

Cardiovascular features of acute mast cell 
activation

A rapid drop in blood pressure (systolic below 
90 mm Hg) is a key feature of anaphylactic 
shock. It is accompanied by tachycardia and 
faintness. Hypotension may progress to loss 
of consciousness if measures are not taken 
to reverse it, such as lying down with leg rais-
ing and administration of intramuscular 
adrenaline with or without administration of 
additional measures, including intravenous flu-
ids. Symptoms of profound hypotension may 
include blackness of vision, loss of hearing, a 
feeling of doom and chest pain if there is myo-
cardial ischaemia. The initial symptoms of tach-
ycardia and faintness due to anaphylaxis may 
be similar to an episode of PoTS but this is not 
associated with other symptoms of anaphylaxis, 
such as pruritus and urticaria, and generally 
recovers more quickly on lying or sitting and 
without adrenaline.

Gastrointestinal features of acute mast cell 
activation

Acute nausea and vomiting may be features of 
anaphylaxis followed by diarrhoea, especially 
with food allergic reactions. Symptoms of bloat-
ing and hyperacidity are not expected features 
of anaphylaxis but may be described in patients 
with systemic mastocytosis. Hyperacidity is 
described by a small proportion of patients with 
chronic spontaneous urticaria.

Urogenital features of acute mast cell 
activation

Angio-oedema of the genitalia can occur in 
urticaria but is not an expected feature of ana-
phylaxis. Increased frequency of urination may 
be described in some patients with systemic 
mastocytosis and urinary incontinence could 
be a consequence of profound shock following 
anaphylaxis.
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after mast cell activation events than N-methyl 
histamine but has the twin disadvantages of not 
being specific to mast cells and cut-off thresh-
olds have not been validated for MCAS. The 
assays are available in the UK but not widely 
used in clinical practice and are relatively 
expensive.

Cysteinyl leukotrienes

LTC4D4,E4 (also historically known as slow 
release substance of anaphylaxis) is generated 
by the action of 5-lipoxygenase on arachidonic 
acid. It is generated by basophils and eosino-
phils as well as mast cells. Anti-leukotrienes 
are approved for asthma but are widely used in 
other diseases in which mast cells are involved, 
including chronic urticaria and allergic rhinitis. 
LTE4 (the most stable metabolite of the cysteinyl 
leukotrienes) can be measured in urine but is not 
assayed routinely in most centres.

Clinical Assessment of Patients 
with Suspected MCAS

The history is an essential first step in assess-
ment of suspected mast cell disorders. If the 
story is wrong, the diagnosis should be in doubt 
and enquiry should be widened to include other 
possible medical explanations (Table 2).

History

All aspects of the illness should be explored, 
including timing of onset, description of symp-
toms, aggravating and relieving factors, medica-
tions, known allergies, family and occupational 
history. Specific enquiry should be made for 
leading symptoms in all body systems and any 
previous conditions, including hypermobility 
and postural tachycardia. An open mind should 
be maintained for illness mimics that share simi-
lar symptoms. Screening questions for uncom-
mon causes of illness include foreign travel 
(intestinal parasitosis), tick bites (borreliosis), 

broken down to inactive imidazole acetic acid. 
Although histamine can be measured in blood 
and urine, the specimens need rapid freezing or 
acidification to minimize degradation and this is 
a practical disadvantage. By contrast, N-methyl 
histamine is relatively stable to degradation and 
can be stored cool for transport to the collection 
point before freezing on receipt by the laboratory 
prior to assay. Both 24 hour urine collections 
and random urine sampling can be performed to 
detect N-methyl histamine as evidence of mast 
cell activation. A potential advantage of 24 hour 
collections is having a wider window for captur-
ing a histamine peak but a potential disadvantage 
is dilution of the peak by lower levels of basal 
histamine excretion either side of it. A more log-
ical approach is to collect a baseline ‘spot’ urine 
methyl histamine followed by another sample 
1–3 hours after the onset of symptoms. Patients 
should be asked to void at the onset of symptoms 
and to collect a random 10 ml sample one to 
three hours afterwards to capture N-methyl hista-
mine elimination over the peak.

Although histamine is present in all mast 
cells and is accepted to be a major mediator of 
symptoms following systemic degranulation, the 
latest US guidelines report that it has a relatively 
low sensitivity for detecting mast cell activa-
tion events. This emphasises the importance of 
standard operating procedures for collection 
and sampling. It may also reflect the difficulty 
in knowing whether mast cell activation had 
occurred or not.

Prostaglandin D2

Prostaglandin D2 is a vasoactive mediator 
formed by cyclooxygenase on arachidonic acid 
in phospholipid membranes. It is generated at 
the time of mast cell degranulation but is not 
specific to mast cells. It may cause burning ery-
thema but not itch or wealing in the skin. It is 
broken down to 11 β PGF2α and then PGDM, 
both of which can be assayed in urine. The peak 
time for collection is between 1–3 hours with 
PGDM peaking later. The US guidelines state 
that 11 β PGF2α is detected more frequently 
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Table 2   History checklist

Background

Antecedent events e.g. surgery, illness, allergies
Systems enquiry
1. Skin

a. Itch (transient-persistent; localized-generalized)
b. Urticaria (weals or angio-oedema, spontaneous; inducible; overlap)
c. Flush (transient-persistent; localized-generalized)
d. Sweating
e. Bruising, paper-thin scars, hernias
f. Markers of cutaneous or systemic disease (e.g. eczema, livedo reticularis, erythema chronicum migrans)
2. Cardiovascular

a. Dizziness, light-headedness, fainting, collapse on standing up or prolonged standing
b. Palpitations (tachycardia, bradycardia; extra beats; forceful beats)
c. Orthostatic cyanosis
3. General

a. Fatigue
b. Loss of concentration (‘brain-fog’)
c. Intolerance of smells, fumes, smoke, drugs
d. Sleep health
4. Gastro-intestinal

a. Weight loss
b. Bloating, constipation, diarrhoea, dyspepsia, nausea
5. Urogenital

a. Dysuria
b. Frequency
6. Musculoskeletal

a. Hypermobility
b. Back pain
c. Spontaneous subluxation-dislocation of joints
7. Neurological

a. Headache
b. Depression
8. Respiratory

a. ‘tight’ chest or shortness of breath, throat symptoms but not wheeze
9. Medications

a. Anti-mast cell mediator treatments (e.g. antihistamines, antileukotrienes, sodium cromoglicate)
b. Anti-arrythmics (e.g. ivabradine, bisoprolol)
c. Vasocontrictors (e.g. midodrine)
10. Lifestyle

a. Food, exercise and employment restrictions

b. Alcohol intolerance
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Examination

A whole-body examination for cutaneous mas-
tocytosis, lymphadenopathy or organomegaly 
should be undertaken (Table 3). Cutaneous 
mastocytosis has a range of presentations from 
extensive confluent or discrete erythematous 
pigmented macules (urticaria pigmentosa) that 
usually weal easily with light stroking (posi-
tive Darier’s sign) to minimal change, some-
times seen with more advanced disease. The 
term maculopapular cutaneous mastocytosis is 
now preferred to urticaria pigmentosa and also 
embraces telangiectasia macularis eruptiva per-
stans (TMEP). Diffuse cutaneous mastocytosis 
(DCM) and solitary mastocytomas present in 
early childhood. DCM is rare and may persist 
into adulthood but mastocytomas regress. They 
are associated with flushing and swelling but 
anaphylaxis is uncommon.

Testing normal skin for dermographism 
with a calibrated dermographometer is use-
ful to distinguish simple (physiological) der-
mographism (a non-itchy red weal response 
to skin stroking seen at pressures of 60 g/
mm2 or above (Fig. 1a) that is a common find-
ing in healthy individuals) from symptomatic 
dermographism, which is characterised by an 
immediate itchy red weal response at 36 g/

diet (haematinic deficiencies), periodic fever 
(autoinflammatory syndromes), cold intoler-
ance (Raynaud’s) and weight loss (lymphoma 
or other neoplasia). Documentation of events 
and other consultations should be sought when-
ever possible since patients often see multiple 
specialists. Subtleties around a diagnosis from 
another specialist can easily be overlooked 
or misunderstood. Recording an incorrect or 
skewed diagnosis relating to another specialty 
can indirectly lead to incorrect conclusions 
being perpetuated down the line. Similarly, 
original test results should be shared to avoid 
unnecessary repetition or misinterpretation. 
Photographs can be useful but changes may be 
subtle, especially in the context of oedema that 
may be obvious to a patient because of associ-
ated discomfort but not obvious to an outside 
observer. Extravagant description of symptoms 
may be used to convey the frustration felt by 
patients who feel that they are not being under-
stood or believed since conventional examina-
tion for abnormal physical signs and routine 
investigations are often normal. Patients will 
often attend with a relative or close friend who 
may be able to offer additional insights into 
the practical aspects of caring, degree of dis-
ability, impairment in quality of life and social 
background.

Table 3   Examination checklist

Examination

• Urticaria or rash (patient’s photos)
• Maculo-papular cutaneous mastocytosis
• Skin flexibility, scarring, bruising (but not loss of recoil)
• Autoimmune disease, including lupus or rheumatoid
• Acro- and orthostatic cyanosis, cool peripheries
• Hepatosplenomegaly, lymphadenopathy
• Supine blood pressure and pulse (active stand test); repeat within 10 min of standing (rise in pulse > 30 bpm, PoTS; 
orthostatic hypotension, autonomic failure)
• Joint hyperextensibility (e.g. 5th finger and elbow hyperextension, thumb to forearm, prayer sign behind back, 
hands flat on floor with straight leg bending over)
• Marfanoid habitus (height to span and high palate)

• Scoliosis
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Patient Related Outcome Measures 
(PROMS)

These validated assessment tools allow patients 
to communicate symptom severity, life qual-
ity impairment, depression and anxiety. They 
may be generic or disease-specific. The most 
useful measures in the dermatological assess-
ment of patients with suspected MCAS are 
the Dermatology Life Quality Index (DLQI), 
Hospital Anxiety and Depression Scale (HADS) 
and Generalized Anxiety Disorder-2 item 
screening tool (GAD-2). Other illness specific 
PROMS are available.

Investigations

Baseline Investigation

Standard investigations should be targeted at the 
likely cause of the patient’s symptoms to sup-
port the initial clinical assessment rather than 

mm2 or below. Dry or broken skin suggests 
eczema or an atopic background as a predis-
posing reason for pruritus. Indentation of the 
skin from sustained clothing fabric pressure 
(Fig. 1b), seams or buckles is normal but can 
be exaggerated by persistent skin oedema. 
Fixed livedo should raise the possibility of an 
underlying connective tissue disease, includ-
ing lupus, mixed connective tissue disease 
and anti-phospholipid antibody syndrome. 
Dusky discoloration of the lower legs and 
feet on standing (orthostatic cyanosis) may 
suggest dysautonomia or cryoglobulinae-
mia. Spontaneous bruising may be a feature 
of classical Ehlers-Danlos syndrome and less 
commonly with hypermobile Ehlers-Danlos 
syndrome. Assessing joints for hypermobil-
ity requires experience since there is a spec-
trum of normality for different ages. Similarly, 
assessment of dysautonomia requires expert 
input although a history of postural symptoms 
may suggest it and an active stand test by the 
bedside may provide useful evidence of pos-
tural pulse rate changes.

Fig. 1  Representative physiological events in healthy individuals that may be interpreted as skin features of MCAS 
but are, in fact, normal events. For example, (a) non-itchy wealing of the skin after stroking with a firm stimulus 
(simple or physiological dermographism), here illustrated by a weal response to a calibrated dermographometer set at 
60 g/mm2 but not below this (b) indentation in the skin after prolonged pressure against a rough surface or fabric in 
normal skin
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(with electrophoresis for paraproteins) cryo-
globulins (for cryoglobubinaemia), neuroen-
docrine tumours (urinary metanephrines and 5 
hydroxy indole acetic acid), diamine oxidase 
for dietary histamine intolerance, electrocardi-
ography and appropriate imaging. Investigation 
of peripheral blood for KIT mutations and 
increased TPSAB1 copy numbers may be 
appropriate if systemic mastocytosis and alpha 
tryptasaemia are suspected respectively where 
these tests are available.

Management

Avoidance

Avoiding known triggers of anaphylaxis is 
essential for good care when they can be iden-
tified. This particularly applies to immediate 
hypersensitivity reactions but may be relevant 
to life-style changes in the context of exercise or 
cold-induced anaphylaxis. Patients with dysau-
tonomia are often sensitive to smells and fumes. 
Those who react to non-steroidal anti-inflamma-
tories and opiates due to intolerance rather than 
allergy may be able to tolerate small exposures 
since adverse effects tend to relate to pharmaco-
logical potency and dose.

Pharmacological Treatments

There is no specific protocol for introducing 
anti-mast cell mediator drugs but all patients 
with suspected MCAS deserve a trial of anti-
mast cell mediator drugs. As a rule, antihis-
tamines and other anti-mast cell mediator 
treatments are safe and usually well tolerated 
to the point where it is good practice to offer a 
trial of treatment whether mast cell activation 
seems likely or not. A good response is always 
welcome and provides indirect evidence that 
the symptoms may have been due to mast cell 
activation (or histamine if anti-histamines alone 
are helpful). It is important to recognize though 
that all treatments may have a placebo effect. 
It is therefore good practice to down-dose or 

a standard order set. Some routine screening 
tests are appropriate in nearly every new patient 
including haematology and biochemical profiles, 
C reactive protein or erythrocyte sedimentation 
rate (as non-specific markers of inflammation or 
chronic infection), tryptase (as a screen for sys-
temic mastocytosis without skin lesions and α 
tryptasaemia), total IgE as a guide to an under-
lying atopic diathesis (accepting that it may be 
normal in around 20% of atopics) and spot uri-
nary N-methyl histamine collected at baseline 
and 1–3 hours after an episode of severe symp-
toms (to look for a relationship between mast 
cell activation and symptomatology), which can 
be collected at home rather than relying on acute 
medical services.

Additional tests that may be requested in the 
context of suspected mast cell activation include 
24 hours urinary assays for PGD2 and its metab-
olites, cysteinyl leukotrienes and N-methyl 
histamine, depending on their availability, but 
isolated abnormalities without a careful sup-
porting clinical assessment and a response to 
anti-mast cell mediator treatments do not define 
MCAS.

Extended Investigations

Further investigation to follow up specific 
leads from the history might include tests 
for infection (borrelia, human immunodefi-
ciency virus, Epstein Barr virus, bowel para-
sites), connective tissue disease (anti-nuclear 
antibodies and extractable nuclear antibod-
ies, anti-phospholipids), autoimmune disease 
(thyroid antibodies, coeliac screen and the 
basophil histamine release assay in patients 
with chronic spontaneous urticaria), haematin-
ics (iron, folate, vitamin B12) in patients with 
very restricted diets and vitamin D, endocrine 
(thyroid function, glucose tolerance test for 
reactive hypoglycaemia, HbA1c for sustained 
glucose intolerance), specific IgE (whole aller-
gen and allergen components), inflammatory 
markers (ferritin for adult-onset Still’s disease, 
serum amyloidosis A protein for auto-inflam-
matory syndromes) and immunoglobulins 
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interactions, pregnancy, age restrictions or intol-
erance. However, it must be emphasised at the 
outset that a trial means just that. Introduction 
of a second generation H1 antihistamine should 
be followed by its withdrawal within a month 
if there is no benefit or a further trial of up-
dosing to double then fourfold at fortnightly 
intervals. Second generation H1 antihistamines 
are absorbed and eliminated rapidly with the 
exception of desloratadine that takes 27 h to 
reach maximum plasma concentration and up to 
6 days after a single oral dose to be eliminated 
in healthy volunteers. Clinical (Table 4) and 
pharmacokinetic (Table 5) properties of the most 
widely available second generation H1 antihis-
tamines should be taken into account when pre-
scribing. H1 antihistamines can be discontinued 
and restarted with no loss of effectiveness, with-
drawal symptoms or other long term physiologi-
cal changes (such as adrenal suppression; a risk 
of long term oral corticosteroids). Because there 
are no tests for efficacy that can be applied sim-
ply in the clinic and benefits are often subjective 
with chronic disease symptoms (such as fatigue 

withdraw treatment temporarily for symptom 
responders and then re-introduce medication to 
be more sure whether it should be maintained 
for a longer period or not. Some options for 
treating anaphylaxis, symptomatic mastocytosis 
and chronic urticaria are illustrated in Fig. 2.

H1 antihistamines

A trial of second generation H1 antihistamines 
should be offered to all patients with suspected 
MCAS or those in whom mast cells may be 
contributing to a more complex multisystem ill-
ness spectrum whether tests support mast cell 
activation as a cause of it or not. This approach 
is justifiable because second generation H1 
antihistamines as a class are very safe and tests 
for increased histamine excretion after mast 
cell activation episodes may be negative [9]. 
Up-dosing H1 antihistamines up to fourfold 
above licence is now standard practice in symp-
tomatic chronic urticaria and this approach can 
be offered for patients with CHARISMA sub-
ject to any cautions based on drug elimination, 

Fig. 2  Some pharmacological options for patients with mast cell activation disorders. All patients should be offered 
a second generation H1 antihistamine (sg H1 antihistamine) at approved (licensed) doses before escalating treatments 
according to the clinical scenario and response to treatment
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and promethazine) should generally be avoided 
because of their long half-lives, sedating poten-
tial and additional anti-cholinergic properties 
that may compound constipation or urinary 
retention. Diphenhydramine and promethazine 
are sold in the UK as sleep aids. Ketotifen has a 
special place in mast cell disorder management 
as a sedating H1 antihistamine that is credited 
with additional mast cell stabilizing and anti-
inflammatory properties and may be popular 

or intolerance of food), patients need to be as 
objective as possible and the possibility of a pla-
cebo response should be discussed. Even when 
benefit is convincing, the principle that ‘what 
goes up must come down’ should be discussed 
at review to avoid taking unnecessary medica-
tion if the need lessens and to minimize the 
risk of drug interactions with multiple prescrib-
ing. First generation ‘classical’ antihistamines 
(such as chlorphenamine, diphenhydramine 

Table 4   Second generation (non-sedating) H1 antihistamines: some relevant clinical properties—Age* relates 
to UK licence for chronic urticaria. Grapefruit juice reduces absorption of fexofenadine and bilastine but increases 
absorption of rupatadine. Mizolastine concentrations may increase when erythromycin is taken at the same time

Drug Daily 
dose Age* Sedation Metabolism Drug/food 

interaction

Acrivastine 24 mg > 12y - - -

Cetirizine 5-10 mg ≥ 6 y + - -

Levocetirizine 2.5-5 mg ≥ 2 y + - -

Fexofenadine 180 mg ≥ 12 y - - +

Loratadine 5-10 mg ≥ 2 y - + +

Desloratadine 1.25-5 mg ≥ 1 y - + -
Mizolastine 10 mg ≥ 12 y - + +
Rupatadine 10 mg ≥ 12 y - + +

Bilastine 10-20 mg ≥ 6y - - +

Table 5  Second generation (non-sedating) H1 antihistamines: pharmacokinetic properties—*loratadine is metabo-
lised to desloratadine

Name Tmax (h) T1/2 (h) elimination 5 × T1/2 (days) Principal 
elimination

Renal 
impairment 
GFR < 10 ml/
min

Adults Children

Acrivastine 1.5 1.5 <1 Renal Avoid

Cetirizine 0.5–1 10 6 2 Renal Half dose

Levocetirizine 0.9 8 2 Renal Reduced dose

Loratadine 1 (2 h after food) (8.4)* (2) Hepatic (CYP 
3A4)

Caution

Desloratadine 3 27 6 Hepatic Caution

Fexofenadine 1–3 11–15 3 BIliary Same dose

Mizolastine 1.5 13 3 Hepatic Same dose

Rupatadine 0.75 5.9 1.25 Hepatic Same dose

Bilastine 1.3 14.5 3.0 Renal Same dose
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leukotriene excretion but leukotrienes are gen-
erated by eosinophils and basophils as well as 
mast cells so are not specific for mast cell acti-
vation. Nevertheless, they may be beneficial 
indirectly by controlling inflammation linked 
with mast cell activation rather than mast cell 
activation itself. Montelukast is generally well 
tolerated at approved doses and does not require 
blood monitoring but does carry a number of 
adverse effects including abdominal discomfort, 
nausea, diarrhoea and neuropsychiatric effects 
(especially in children) so it may be difficult to 
separate any benefit from ongoing bowel symp-
toms attributed to mast cell activation.

Non steroidal anti-inflammatories

Non-steroidal anti-inflammatory drugs (NSAIDs) 
are generally avoided in illness due to suspected 
mast cell activation because of concern that they 
might aggravate or cause it. However, a few 
MCAS patients with increased 11 β PGF2α elim-
ination over 24 hours in their urine may benefit 
symptomatically from the careful introduction of 
small doses of aspirin [14].

Omalizumab

Omalizumab is an IgG humanised monoclonal 
antibody directed against the Cε3 domain of free 
IgE without anaphylactogenic potential. It was 
originally licensed for asthma but is now more 
widely used for chronic spontaneous urticaria, 
its other approved indication. Its mechanism of 
action in urticaria involves a rapid reduction in 
free IgE, followed by dissociation of IgE from 
its receptor on mast cells and basophils, and 
then a much slower reduction in the number of 
expressed high affinity IgE receptors (FcεRI) 
although it does not appear to alter the natural 
history of the illness. The consequence of reduc-
ing FcεRI density is to stabilise the mast cell to 
immunological stimulation and this has been uti-
lized to reduce adverse reactions during hyme-
noptera venom immunotherapy in mastocytosis, 
in symptomatic systemic mastocytosis and as 
a treatment of idiopathic anaphylaxis but the 
experience with it for these indications is limited 
and there is little or no evidence to support its 

with some patients. It is approved for the symp-
tomatic treatment of allergic conditions, includ-
ing rhinitis and conjunctivitis.

Sodium cromoglicate

Sodium cromoglicate is a chromone that reduces 
influx of calcium into mast cells thereby reduc-
ing mast cell activation. However, it is poorly 
absorbed from the gastro-intestinal tract and is 
primarily used for allergic conjunctivitis as an 
eye drop to stabilise submucosal mast cells in 
the prevention of hay fever. It is also available as 
a nasal spray for allergic rhinitis, an inhaler for 
asthma and a capsule for food allergy. It is gen-
erally well-tolerated by the oral route but may 
cause nausea or arthralgia. Patients with bowel 
symptoms of diarrhoea, constipation or bloating 
may benefit but there is unlikely to be any sig-
nificant systemic benefit due to its poor absorp-
tion from the bowel.

H2 antihistamines

These are approved for treatment of gastric 
ulceration and hyperacidity. There is pharma-
cological evidence of H2 receptors in the skin 
as well as the stomach and this is the logic for 
adding them to second generation H1 antihista-
mines to treat refractory chronic urticaria. There 
is some evidence of benefit from combined 
treatment of acute urticaria but there have been 
no large, well-designed controlled double-blind 
studies in chronic urticaria so they are not rec-
ommended in current guidelines. Some patients 
with chronic urticaria benefit nevertheless and 
this may be true for MCAS.

Montelukast

At the time of writing montelukast is the only 
marketed antileukotriene in Europe for prophy-
laxis of asthma. It is widely used as a prophy-
lactic for allergic conditions in combination with 
an H1 antihistamine, including chronic urti-
caria, rhinosinusitis and anaphylaxis and may 
be a useful add-on. It should not be prescribed 
as monotherapy. It is a logical treatment for 
MCAS patients with increased urinary cysteinyl 
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Relationship of MCAS to HEDS 
and PoTs

Because of overlapping symptomatology 
between hypermobility, dysautonomia and mast 
cell activation symptoms, it is often assumed 
that MCAS is related to hEDS and PoTS. A 
recent review of the literature showed no cur-
rent evidence for the existence of an associa-
tion between MCAS, PoTS or hEDS [15]. The 
authors concluded that studies proposing a 
relationship between the three clinical entities 
are either biased or based on outdated criteria. 
Anecdotally, some patients with PoTS, hEDS 
or both do find some benefit from anti-mast cell 
mediator drugs and mast cell activation disor-
ders may occur in patients with PoTS and hEDS 
so further studies are needed to allow conclu-
sions to be drawn with more confidence.
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MCAS: A Multidisciplinary Approach

Those patient with established MCAS should be 
managed by specialists with experience of mast 
cell disease. Patients with suspected MCAS 
in whom MCAS is unlikely should be referred 
to the relevant specialist(s) to address the pre-
dominant clinical problem (Fig. 3). Clinical 
Psychology may be useful for some individuals 
to promote positive thinking about the value of 
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Prognosis

There is little literature on the prognosis for 
recovery from illness to health but anecdotal 
experience suggests that this is achievable in 
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Fig. 3  Algorithm illustrating a possible pathway for the assessment and investigation of patients presenting with 
complex illness symptoms in whom MCAS is suspected
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Inherited Metabolic 
Diseases

Radha Ramachandran

Inherited Metabolic Diseases (IMD) (or 
inborn errors of metabolism) are a group of 
monogenic disorders that occur as a result of 
impairment in enzyme activity in one or more 
metabolic pathways. Although individually 
rare, collectively they are not that uncommon, 
with reported prevalence ranging from 1 in 800 
to 1/2500 live births. Prevalence may be even 
higher in populations where consanguinity is 
common or in relatively isolated societies with 
a small ancestral pool.

Hundreds of disorders exist, with the num-
ber of known individual disorders reported to 
be increasing yearly. Whilst the majority of 
IMDs present in childhood, there is an increas-
ing recognition that they may present for the 
first time in adulthood, and that presenting fea-
tures may differ from those seen in the paediat-
ric setting.

IMDs can present for the first time in adult-
hood as a metabolic emergency. A diagnosis 
of an IMD should therefore be considered 

in patients presenting with atypical seizure 
or stroke, encephalopathy, acid–base distur-
bance, neuropsychiatric symptoms, rhab-
domyolysis, if a more common alternative 
diagnosis is not forthcoming. Presentation 
is however, often chronic, with non-specific 
symptoms and with multisystem involvement. 
A diagnosis of IMD should therefore also 
be considered in patients with multisystem 
involvement where more common aetiologies 
have been excluded.

Autonomic dysfunction and impaired glucose 
homeostasis, leading to features suggestive of 
PoTS may be a feature of some IMDs. In these 
patients, a diagnosis of an IMD should be con-
sidered if

(i)  There is documented hypoglycaemia where 
insulin excess has been excluded

(ii)  Apparently unrelated multisystem involve-
ment including one or more of the fol-
lowing: cardiomyopathy, myopathy, renal 
disease, liver disease

(iii)  Central nervous system (CNS) manifes-
tations—particularly neurodegenerative/ 
neuropathic disorders and abnormalities on 
brain imaging

(iv) Dysmorphia
(v)  Family history of similar complaints/

consanguinity/death.
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Treatment
Treatment is mainly supportive. 
Standard therapies for autonomic fail-
ure are not very helpful. Drug of choice is 
 L-threo-3,4-dihydroxyphenylserine (Droxidopa), 
a synthetic precursor of noradrenaline.

Prognosis
Prognosis is largely unknown, although survival 
beyond 60 years in some individuals has been 
previously reported.

Menkes Disease

Menkes disease is a rare X-linked disorder 
caused by mutations in the ATP7A gene. The 
incidence of Menke’s disease has been reported 
to range between 1:40,000 to 1:350,000. The 
clinical features are due to severe copper defi-
ciency. DBH is a copper dependent enzyme and 
therefore patients often have partial DBH defi-
ciency. Plasma catecholamine analysis shows 
high levels of dopamine with low levels of 
dihydroxyphenylglycol.

Clinical features are characteristic. Patients 
with classical Menke’s present with severe neu-
rological and marked connective tissue dysfunc-
tion, often leading to death in early childhood. 
Patients often present with sparse, hypopig-
mented, kinky hair. A less severe form present-
ing in adulthood, is characterised mainly by 
connective tissue dysfunction including skin lax-
ity and hyperelasticity, and characteristic occipi-
tal horns on imaging resulting from calcification 
of the trapezius and sternocleidomastoid joints. 
Neurological manifestations in adult presenting 
patients may be mild or even absent.

Cytochrome B561 Deficiency (CYB561)

4 patients in 2 families with severe orthostatic 
hypotension, due to CYB561 protein defect 
have recently been described. The diagno-
sis was made following exome sequencing, 

Some IMDs Where Orthostatic 
Hypotension Is a Common Feature 
Are Described Below

Dopamine Beta-Hydroxylase 
Deficiency (DBH Deficiency)

DBH deficiency is an autosomal recessive con-
dition occurring as a result of mutations in the 
DBH gene. Very few cases have been reported 
in the literature, and prevalence is very rare, 
reported to be less than 1 in 1,000,000. In the 
CNS, dopamine is hydroxylated to noradrena-
line by DBH. Noradrenaline is subsequently 
methylated to form adrenaline. Therefore defi-
ciency of DBH enzyme leads to very high levels 
of dopamine and very low levels of adrenaline 
and noradrenaline.

The disease is characterised by a lack of 
sympathetic noradrenergic function but intact 
parasympathetic and sympathetic cholinergic 
function. Presentation is usually at birth with 
temperature dysregulation, hypotonia, ptosis, 
dehydration and hypoglycaemia. However, diag-
nosis is often delayed until late childhood or 
adolescence when patients present with severe 
orthostatic hypotension (systolic blood pressure 
falling to less than 80 mmHg and compensa-
tory tachycardia on standing); nasal stuffiness 
is reported in 100% of patients. There is often 
a history of a complicated peri-natal course. 
Ptosis, high arched palate, joint hypermobility 
and profoundly reduced exercise tolerance are 
other commonly reported features in this group 
of patients. Sweating is normal in these patients 
and pupils are small but reactive to light and 
accommodation.

Diagnosis

• Plasma catecholamine measurement—mini-
mal or absent adrenaline and noradrenaline 
with 5–tenfold increase in dopamine levels.

• Molecular genetic testing for pathogenic 
mutations in the DBH gene.
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homozygosity mapping and subsequent Sanger 
sequencing.

The CYB561 protein defect leads to a disrup-
tion in ascorbate-hydroxyascorbate recycling 
within the catecholamine secretory vesicles. 
This in turn results is impaired conversion of 
dopamine to epinephrine, in effect, leading to a 
functional DBH deficiency.

Patients presented with severe 
 life-threatening orthostatic hypotension. In 
contrast to patients with DBH deficiency, com-
pensatory tachycardia, ptosis and generalised 
hypotonia were not noted to be present.

Patients responded to treatment with 
L-threo-3,4-dihydroxyphenylserine.

Other Disorders Associated 
with Orthostatic Hypotension

Other disorders that present with orthostatic 
hypotension as a feature include.

1. Familial dysautonomia (Riley-Day syn-
drome), an autosomal recessive condition due 
to pathogenic mutations in the ELP1 gene.

2. Familial transthyretin amyloidosis, resulting 
from autosomal dominant mutations in the 
TTR gene.

3. Shy-Drager syndrome due to mutations in the 
COQ2 gene.

The following references provide further details 
on clinical features, investigations and manage-
ment [1–3].
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Chronic Fatigue 
Syndrome

Julia Newton

Chronic fatigue syndrome (CFS) is a chronic 
debilitating condition that is thought to affect 
between 0.2 and 0.4% of the UK population. In 
order to make the diagnosis of chronic fatigue 
syndrome patients need to experience a cluster 
of associated symptoms. Fatigue usually has 
been present for longer than 6 months and alter-
native diagnoses consistent with fatigue need to 
have been ruled out. Typical symptoms are sore 
throat, autonomic symptoms, post-exertional 
myalgia, cognitive problems, etc. More details 
about the epidemiology and pathophysiology of 
CFS are available in the UK National Institute 
for Clinical Excellence (NICE [1]).

There are a number of different diagnostic 
criteria for chronic fatigue syndrome which are 
all subjective. The most commonly used in clini-
cal services in the UK is the Fukuda Criteria [2].

The demographic of those affected by PoTS 
is very similar to that of a group with a diag-
nosis of CFS. As a result, historically, there 
has been overlap and studies suggest that sig-
nificant numbers of those with a diagnosis of 
postural tachycardia syndrome may have been 
diagnosed with CFS. Studies from our group 
and others suggest that up to 30% of those with 
a diagnosis of chronic fatigue syndrome when 

tested objectively in an autonomic lab will have 
a diagnosis of postural tachycardia syndrome 
[3]. Using a low estimate of approximately 
20% considering the stated prevalence of CFS 
at 0.2 to 0.4%, this suggests that up to 0.1% of 
the UK population may have PoTS with an esti-
mated annual prevalence of 1000 per million 
population.

Investigation

Currently in the UK, chronic fatigue syndrome 
services are configured in multiple different 
ways with some services being led by phy-
sicians and others by psychologists or psy-
chiatrists. It is not currently part of the NICE 
guidelines [1] to formally test for PoTS despite 
studies confirming the high prevalence of ortho-
static intolerance [4].

Management

The NICE guidelines recommend graded exer-
cise therapy and cognitive behavioural therapy 
as the core elements of their management strat-
egy for chronic fatigue syndrome. Neither have 
been formally tested in the subgroup of CFS 
patients who may have positional tachycardia 
syndrome. In our experience patients with PoTS 
tend to have worse symptoms of orthostatic 
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of the high prevalence of orthostatic intolerance, 
does begin to point towards autonomic dysfunc-
tion as a potential underpinning pathophysio-
logical mechanism in some with chronic fatigue 
syndrome that certainly warrants further investi-
gation [5].
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intolerance and as a result find it extremely dif-
ficult to participate in graded exercise therapy 
in its current recommended form. It is therefore 
felt that these patients would benefit from a pac-
ing regime with strengthening of core muscle 
strength to allow better postural control before 
progressing on to therapies such as graded exer-
cise therapy.

As knowledge of PoTS increases, this has 
highlighted potential phenotypic variability in 
chronic fatigue syndrome groups and as such a 
potential opportunity for therapeutic interven-
tion. To date there have not been randomised 
control trials of therapies that may be applicable 
to CFS patients with a PoTS phenotype in order 
to determine whether, not only does tachycar-
dia improve but whether this is associated with 
any symptomatic benefit. In contrast many of 
the treatments that show symptomatic improve-
ments for patients with PoTS have applicability 
in chronic fatigue syndrome and may pro-
vide insights into the pathophysiology of this 
condition.

The finding of up to 30% of CFS patients for-
mally tested as having PoTS and the recognition 
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Lyme Disease

John Lambert and Anne Cruikshank

Orthostatic intolerance and postural tachycardia 
syndrome (PoTS) have been recognised in some 
patients following a diagnosis of Lyme disease 
[1, 2].

Lyme disease, or Lyme borreliosis, is named 
after the town of Old Lyme in Connecticut, 
USA, where a large number of children devel-
oped symptoms similar to juvenile arthritis in 
the 1970s. However, its dermatological and neu-
rological manifestations have been recognised in 
Europe since the late 1800s. Bannwarth’s syn-
drome, lymphocytic meningo-radiculitis, was 
described in 1941. A variant of Borrelia burg-
dorferi DNA has since been identified in the 
 ice-age mummy, Ötzi [3].

Lyme disease is a zoonotic bacterial infec-
tion caused by the spirochaete Borrelia burgdor-
feri, transmitted by the bite of an infected tick. 
There are many species of Borrelia worldwide, 
and those which cause Lyme disease are referred 
to as Borrelia burgdorferi sensu lato (Bbsl). In 
the UK, there are three main genospecies known 
to cause Lyme disease and symptoms may vary 
depending on the species:

• Borrelia garinii (Bg) is associated with neu-
rological conditions

• Borrelia afzelii (Ba) is associated with skin 
and atypical neurological presentations

• Borrelia burgdorferi sensu stricto (Bbss), 
may cause Lyme arthritis, especially of large 
joints such as the knee.

Borrelia burgdorferi sensu stricto is the 
main cause of Lyme disease in the USA. The 
American strains of Bbsl are thought to cause 
a more severe inflammatory reaction and have 
been associated with fatal Lyme carditis.

Lyme disease is increasing in incidence 
throughout the world. Whilst early recognition 
and treatment lead to resolution of the illness 
for many patients, late or missed diagnosis may 
result in persistent, debilitating symptoms. It 
has been described by some as “The New Great 
Imitator”.

Cases of Lyme disease have been reported 
throughout the UK, with a higher incidence in 
Southern England and the Scottish Highlands. 
Ticks are carried on deer, small mammals and 
birds, are most active between late spring and 
early autumn and most commonly found in 
wooded or grassy areas in both rural and urban 
areas. Other tick-borne pathogens include 
Anaplasma, Babesia, Bartonella, Coxiella bur-
netii and Rickettsia, as well as a number of 
viruses.
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and paraesthesiae. These may be non-specific 
and easily missed.

An EM rash is diagnostic of Lyme disease 
and a blood test is not required or recommended 
in this instance. However, in approximately 30% 
of UK cases of Lyme disease there is no EM 
rash.

Facial palsy in children with headache and 
fever has been shown to predict early Lyme 
neuroborreliosis during peak Lyme season in 
endemic areas (April–October) [8].

Late Lyme disease

If not diagnosed in the early stages, Lyme 
disease may present with acute or chronic 
 multi-systemic signs and symptoms, weeks, 
months or even years later. These may include 
facial palsy, meningitis, dizziness, unexplained 
radiculopathy, encephalitis, neuropsychiatric 
presentations, inflammatory arthritis, neuro-
logical conditions, cardiac problems, ME/CFS, 
fibromyalgia, uveitis or keratitis and skin rashes.

Diagnosis at this stage may be diffi-
cult. Negative serology does not exclude the 
diagnosis.

Life-threatening and even fatal outcomes 
such as sudden cardiac arrest and suicide have 
been reported. These are considered to be rare 
occurrences, though their true incidence is 
unknown.

Treatment Guidelines

The optimal treatment regimes for early or dis-
seminated Lyme disease have not yet been deter-
mined. Some protocols advocate limited courses 
of antibiotic treatment. Others consider that 
persistent symptoms are the result of persistent 
infection and require individualised treatment 
regimes.

The NICE Guideline on Lyme disease 
(NG95) recommends a minimum of 21 days of 
antibiotics with specific antibiotic regimes for 
adults and children depending on symptoms. 

Diagnosing Lyme disease

The symptoms of Lyme disease, whether early 
or late stage, may be non-specific and are eas-
ily missed or misdiagnosed. Diagnosis should 
be clinical, taking into account medical history, 
signs, symptoms and tick-exposure risk. Since 
patients may not recall or may omit to mention 
a tick bite or unusual skin rash, a detailed clini-
cal history is essential. Lyme serology may be 
supportive, though a negative test result does not 
necessarily exclude the diagnosis.

The Royal College of General Practitioners 
has produced a Lyme Disease Toolkit and a 
Lyme disease e-learning module as a guide for 
general practitioners and other health care pro-
fessionals [4, 5].

Testing

The accuracy of Lyme serology testing has a 
number of known limitations. The immunoblot 
may be positive despite a negative Elisa result 
[6, 7]. Possible reasons for a false negative result 
may include:

(a) Test carried out too early
(b)  Early antibiotics may abrogate the immune 

response
(c) Test does not cover all strains of borrelia.

False positive results may also occur, mainly 
due to cross reactions or persistent serological 
scar post-treatment.

PCR testing of samples is also available 
(skin, synovial membrane and CSF), but sen-
sitivity is limited due to the low numbers of 
Borrelia present.

Early Lyme disease

Early symptoms in adults may include: an ery-
thema migrans (EM) rash, flu-like symptoms of 
aching, fever, headache, fatigue, sweating, joint 
pain, neck pain, migratory myalgia, brain fog 
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However, the guideline committee acknowl-
edged the limited evidence upon which their 
recommendations were based and made research 
recommendations.

Guidelines from the International Lyme and 
Associated Diseases Society (ILADS) recom-
mend longer courses of antibiotics and a more 
individualised approach to treatment.

However, many uncertainties remain regard-
ing the diagnosis and treatment. There is an 
acknowledged lack of European treatment stud-
ies or controlled trials on the most effective 
antibiotics and length of treatment for late stage 
Lyme disease. Research data, together with a 
significant number of case studies provide evi-
dence that spirochetes may persist after standard 
treatment regimes [9–11].

Persistent Symptoms

It is now well-recognised that a significant num-
ber of patients appear to fail standard antibiotic 
treatment regimens and go on to develop chronic 
illness. There is no international consensus of 
opinion on the cause or management of these 
persistent symptoms. Possible explanations for 
persistent symptoms following a diagnosis of 
Lyme disease include treatment failure, immune 
dysfunction, non-adherence, re-infection or tis-
sue damage.

This condition is variously described as 
either “Post treatment Lyme disease syndrome” 
(PTLDS), Post treatment Lyme disease (PTLD) 
or Chronic Lyme disease.

Research from John Hopkin’s University in 
2017 reported the following conclusion:

Although physical exam and clinical laboratory 
tests showed few objective abnormalities, stand-
ardized symptom questionnaires revealed that 
patients with PTLDS are highly and clinically sig-
nificantly symptomatic, with poor  health-related 
quality of life. PTLDS patients exhibited levels 
of fatigue, musculoskeletal pain, sleep distur-
bance, and depression which were both clinically 
relevant and statistically significantly higher 

than controls. Our study shows that PTLDS can 
be successfully identified using a systematic 
approach to diagnosis and symptom measure-
ment. As the prevalence of PTLDS continues to 
rise, there will be an increased need for physician 
education to more effectively identify and manage 
PTLDS as part of integrated patient care [12].

In 2018 the USA Tick-Borne Diseases group, a 
federal advisory committee, recognised the need 
to provide increases in federal resources to meet 
urgent research and patient care needs [13].

Lyme Disease and PoTS

Some USA and European clinicians with exten-
sive experience of treating Lyme disease have 
observed an apparent correlation between 
chronic tick-borne infection and postural tachy-
cardia syndrome (PoTS). They estimate that 
PoTS may occur in up to 10% of cases, with 
another 20% of patients appearing to have other 
disorders of the autonomic nervous system. 
These symptoms seem to develop months or 
years after the initial infection—when the Lyme 
disease diagnosis may have been forgotten or 
never considered.

Borrelia burgdorferi is known to have an 
affinity for nervous tissue. In a USA study from 
1993, anti-ganglioside IgM antibodies were 
found to be significantly more frequent in some 
patients with neurological Lyme disease [14].

It has been reported that autonomic symp-
toms often improve and sometimes resolve fol-
lowing treatment of the underlying condition. 
There is however, at present, no research data to 
support these observations.

In patients diagnosed with PoTS or dysau-
tonomia, it may be appropriate to consider the 
possibility of a co-existent Lyme borreliosis 
infection.

Patients presenting with PoTS or other 
dysautonomia associated with Lyme disease 
may benefit from a multi-disciplinary approach 
to their clinical care.
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Non-pharmacological 
Management (Hydration, 
Diet and Compression)

Helen Eftekhari and Diane L. Bruce

Introduction

The lifestyle management of PoTS is the cor-
nerstone of current treatment. It is important 
for health care professionals to understand the 
issues which are specific to people with PoTS 
and need to be addressed. The evidence base, 
as with all management in PoTS, is limited and 
recommendations are framed around the avail-
able research and rationale practiced by PoTS 
clinicians.

Key Points

• Take a detailed diet and fluid intake history.
• Fluid intake needs to be minimally 2 Litres 

per day aiming for up to 3 Litres daily in 
adults.

• Fluids should be front loaded in the morning.
• Increase salt intake (unless contraindicated) 

aiming for 10 grams total in one day.
• Eat small meals and often.
• Low refined carbohydrate intake.

• Check for gluten sensitivity and Coeliac 
disease.

• Compression garments can be effective.

At an initial consultation a detailed history of 
a typical days food and fluid intake should be 
taken and documented. This enables the cli-
nician to identify areas in diet and fluid intake 
which need improving, and support people with 
POTS in the areas discussed in this chapter.

Good Hydration

The cornerstone of initial PoTS management is 
aimed at expansion of blood volume through the 
simple activity of increasing fluid intake, aiming 
to take in greater than 2 Litres of fluid per day 
in adults. People with PoTS (n = 15) have been 
found to have a 13% reduction in blood volume 
compared with healthy controls (n = 14) [1]. In 
the small PoTS studies, water ingestion of 480 
millilitres has been found to reduce the heart 
rate response to standing by 15 beats per minute 
(n = 9) [2]. Neuropathic PoTS is thought to result 
from reduced peripheral vasoconstriction and 
venous pooling [3]. Increasing oral fluid intake is 
thought to enhance vasoconstriction in addition 
to increasing plasma volume [4]—See Table 1.

Dehydration is reported by 86% of people 
with PoTS as a trigger for a number of symp-
toms, including mental clouding, also known 
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fewer symptoms when maintaining adequate 
oral fluid intake. This supports the findings of 
the small studies. People with PoTS should aim 
for a minimum of 2 Litres of fluid and close to 3 
Litres across the day. On hot days or when exer-
cising, additional fluids need to be consumed.

Front Loading Fluid in the Morning

Although there are no studies, in clinical prac-
tice we recommend drinking water prior to get-
ting out of bed in the morning, and within the 
first hour of waking up to aim for 1 Litre oral 
fluid intake. This can be achieved with a glass 
of water before getting out of bed, taking a 
large cup of fluid with breakfast, and having a 
cereal-based breakfast with milk. Orthostatic 
symptoms are often worse when first waking 
and rising, and fluid loading has been found to 
reduce both delta heart rate, and blood pressure 
drops [2, 4, 7, 11]. Anecdotally, people with 
PoTS report an improvement in morning orthos-
tatic intolerance with front-loading fluids.

Types of Fluid

The types of oral fluid consumed needs to be 
varied. Fluids should include those with a simi-
lar osmotic pressure as body fluids, for example 

as “brain fog” (n = 138) [5]. There have been 
small studies (n ∼ 20) that have found rapid 
ingestion of 480mls of fluid (within 5 minutes), 
improved subjective symptoms, orthostatic tol-
erance, ability to tolerate tilt table testing, abil-
ity to maintain blood pressure and reduced delta 
heart rate (heart rate rise on standing), from 123 
beats per minute (bpm) to 108 bpm [2, 6–8]. In 
neuropathic PoTS there is blood pooling in the 
extremities, with resultant baroreceptor unload-
ing entraining a feedback loop which increases 
heart rate and aims to restore blood pressure. 
One study (n = 7) found a positive effect on 
delta heart rate in PoTS by ingesting soup [9]. 
A recent study (n = 8) found rapidly ingesting 
500mls of mineral water improved orthostatic 
cognitive function, with a reduction of delta 
heart rate of 18 bpm [10].

In older people with normal physiology, 
water ingestion of 480 millilitres has been found 
to increase blood pressure (the pressor effect) 
when studied [4]. In conditions of autonomic 
failure, for instance orthostatic hypotension, 
increasing fluid consumption has been shown to 
have a pressor effect [4]. Studies in these popu-
lation groups on water drinking have suggested 
the pressor effect of water is through vasocon-
striction in addition to increasing blood volume 
[4]. The effect of drinking water on heart rate 
reduction in PoTS is not fully understood, how-
ever in clinical practice people with PoTS report 

Table 1  Studies of water ingestion to improve orthostatic intolerance

4 studies of water ingestion Design Sample Outcome

The effect of drinking 480 mls of 
water on heart rate within 5 minu-
tes [2]

A protocolised, unblinded cohort 
study

n = 9 Water ingestion had a significant 
effect on standing heart rate 
similar to the effect of IV saline 
therapy or midodrine

The effect of drinking water on 
heart rate and blood pressure [8]

A protocolised unblinded cohort 
study

n = 20 Water drinking decreased heart 
rate and increased blood pressure

The effect of 480 mls of room 
temperature water compared with 
clear soup on heart rate [9]

A protocolised unblinded cohort 
study

n = 7 Water and clear soup had a pro-
nounced effect on heart rate. 6 out 
of 7 participants reported impro-
ved toleration of a tilt table test 
following water and clear soup

The effect of drinking rapidly 500 
mls of mineral water on cognitive 
function and heart rate [10]

A protocolised non-randomised 
control study

n = 8 Rapid water drinking improved 
cognitive function and decreased 
delta heart rate on tilt table test
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cordials, squash, fruit juices, isotonic drinks 
(avoiding those high in sugar), milk and Bovril.

Fluids to Avoid/Limit

When taking a detailed fluid intake history, there 
are considerations around specific types of flu-
ids. There is no clear evidence on the benefits 
or not of drinking tea and coffee, with people 
reporting variable responses. Tea and coffee 
can exacerbate dehydration. In hyperadrenergic 
PoTS caffeine should be avoided as levels of 
natural stimulants are already high. Generally, 
people can trial tea and coffee assessing their 
responses, whilst limiting their overall intake. 
Highly caffeinated energy drinks should be 
completely avoided. Some drinks contain twice 
the caffeine content of coffee and there is one 
report of Red Bull causing PoTS, resolving after 
stopping consumption of this highly caffein-
ated beverage [12]. Carbonated drinks should 
be minimized/avoided as they contain processed 
sugars, which are associated with obesity, and 
artificial flavours.

Alcohol should be avoided or minimized with 
PoTS. In normal healthy people, alcohol causes 
fainting. In one study alcohol was found to blunt 
normal muscle and blood vessel responses to 
standing, dropping blood pressure and increas-
ing heart rate [13]. Additionally, alcohol is a 
strong diuretic, leading to dehydration and 
therefore further exacerbating the symptoms of 
PoTS. Alcohol is best kept to a minimum and, 
when consuming alcohol, we recommend sup-
plementation with non-alcoholic fluids to main-
tain hydration. Ideally if drinking alcohol, a 
person with PoTS should sit down. If PoTS 
symptoms become worse, sitting minimizes the 
risk of syncope, and helps avoid injury if they 
proceed to have a full syncopal episode.

Increase Salt consumption—Aim for 
10–12 grams daily (1 teaspoon estimated to 
contain 5 grams)

To further increase blood volume, salt intake 
needs to be increased unless contraindicated. 
Conditions where salt should be avoided include 

primary hypertension, heart or kidney dis-
ease. Through increasing salt, fluid is retained, 
thereby increasing blood volume. Studies have 
shown that a high salt intake in PoTS expands 
blood plasma volume, lowers adrenaline, 
improving symptoms & reducing standing heart 
rate (9–13 beats per minute) [14, 15].

Migraine is common in people with PoTS 
[16–19]. High salt intake has been associ-
ated with a reduction in migraines [16, 20]. In 
one study, orthostatic headache occurred dur-
ing daily activity in 14 patients (58.3%) and 
during tilt table testing in 15 patients (62.5%). 
Age under 30 years and increasing duration of 
tilt were predictive of an orthostatic headache. 
Of the 24 patients in one study, 23 (95.8%) had 
non-orthostatic headache fitting the criteria of 
migraine or probable migraine [18].

Our recommendations to increase salt intake 
include carrying a salt shaker for the person with 
PoTS to enable salt addition at all meal times. 
Also consumption of foods high in salt which 
include canned soups, stock cubes, salted nuts, 
crisps, and canned beans with salt. A useful 
guide is to read food labels and use foods with 
a high salt intake. Others find it preferable to 
include salt or naturally salt containing vegeta-
bles such as celery, in smoothies/juices, which 
can be varied and include other ingredients to 
provide a longer lasting snack.

It is important to emphasize that some of 
the medications used to treat PoTS can only 
work effectively with an adequate salt and fluid 
intake. In clinical experience, many people are 
concerned about increasing salt in their diet. 
Therefore, a careful explanation is warranted as 
to why a high salt diet is recommended in people 
with PoTS (who have no contraindication). The 
discussion should emphasise that whilst there 
are important recommendations around lowering 
salt in the general population, these do not how-
ever apply to the person being counselled.

Diet

It is vital to take a detailed food and drink his-
tory, particularly at presentation. Many people 
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general autonomic dysfunction, although this 
is not well understood [24]. People with PoTS 
experience a range of gastrointestinal symptoms 
including chronic nausea, vomiting, bloating, 
diarrhoea and/or constipation [21]. One study 
found 4% prevalence of coeliac disease in a 
PoTS cohort (4:100) compared to 1% prevalence 
in the general population (12/1200). This study 
found a higher prevalence of self-reported gluten 
sensitivity amongst people with PoTS (42% vs. 
19%) [25]. It is therefore recommended to test 
for coeliac disease (total immunoglobulin (IgA) 
and IgA tissue transglutaminase antibody (tTG), 
and, if negative to consider screening for gluten 
sensitivity with Immunoglobulin G (IgG) EMA, 
IgG deamidated gliadin peptide (DGP) and IgG 
tTG, [21, 25].

Ideally a low FODMAP diet under a dieti-
cian’s supervision is recommended. FODMAP 
stands for fermentable oligo-,di,mono-saccha-
rides and polyols. These are the classifications 
for the groups of carbohydrates which are noto-
rious for generating digestive symptoms such 
as bloating, gas and stomach pain, with a low 
FODMAP diet being associated with improved 
symptoms [26]. In a randomised controlled 
trial in people with coeliac disease there was 
a significant improvement in symptoms and 
psychological health in people who followed 
a FODMAP diet [27]. A low FODMAP diet 
includes vegetables, fresh fruits, lactose free 
dairy, hard cheeses, beef, pork, chicken, fish, 
eggs.

Flavonoids and Low Histamine Diet

“Brain fog” is a symptom described in vari-
ous conditions, including people with PoTS 
[28]. There is evidence of an association with 
PoTS and mast cell activation disorder [29]. It 
has been proposed that natural flavonoids, spe-
cifically the flavone luteolin, may improve, 
and potentially be a treatment for “brain fog”, 
particularly in people with possible mast cell 
disorder [28]. Flavonoids are found mostly in 
green plants and seeds, and luteolin in olive fruit 
extract (for example, olive oil). There may a 

with PoTS appear to have relative “thirstless-
ness” and need prompting to eat and drink. 
Keeping a food diary can be useful as can hav-
ing prompts to eat and drink on mobile phone 
apps.

People with PoTS frequently report gas-
trointestinal symptoms [21] (see also chapter 
“Postural Tachycardia Syndrome and the Gut”). 
The splanchnic vascular bed receives up to 25% 
of the resting cardiac output in a healthy person. 
There is approximately a 300% increase in the 
mesenteric blood volume following a standard 
meal. In people with severe autonomic insta-
bility there is an observed severe post-prandial 
hypotension [21, 22]. One study in people with 
PoTS found an increase in resting mesenteric 
blood flow which could partly explain the wors-
ening orthostatic tolerance following meals [23]. 
In this context, dietary modifications are rec-
ommended (see chapter “Postural Tachycardia 
Syndrome and the Gut”. This includes reducing 
the size and increasing frequency of meals (for 
instance five small meals per day), whilst keep-
ing refined carbohydrates, which can exacer-
bate post prandial hypotension, to a minimum. 
Foods high in fat and fibre tend to prolong gas-
tric emptying and therefore it may be useful to 
reduce these in the diet [21]. One small study 
in people with severe post prandial hypotension 
(n = 7), found drinking 480mls of water rapidly 
before a meal improved orthostatic blood pres-
sure 35 min following ingestion (systolic drop 
of 43 ± 36 mm Hg without pre meal water, com-
pared to a systolic drop of 22 ± 10 mm Hg with 
drinking water pre meal) [2]. It is useful to try 
this with people who have postprandial symp-
toms. Raising legs and resting following a meal 
will also help.

Gluten Free Diet for Gluten Intolerance 
and Coeliac Disease

Coeliac disease is an immune mediated small 
bowel disease affecting 1% of the general pop-
ulation. Symptoms of coeliac disease include 
abdominal pain, bloating and diarrhoea. There 
has been an association with coeliac disease and 
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Tips

When preparing food and planning a healthy 
balance with the above recommendations, peo-
ple with PoTS may find the following tips help-
ful. These suggestions can help minimize fatigue 
and orthostatic intolerance associated with food 
preparation when maintaining a healthy diet.

• Sit down whilst preparing food—a perch 
stool can help

• On a good day cook larger batches and 
freeze food

• Use energy saving devices (i.e: slow cookers/
electric chopper)

• Plan & Pace to minimize fatigue
• Stick to a routine
• Get someone else to do the washing up!

Compression Garments

Finally, in addition to the fluid and diet strategy 
for lifestyle management of PoTS, compres-
sion hosiery has demonstrated efficacy in small 
studies. In the PoTS UK charity survey, 58% 
of PoTS respondents reported syncope [37]. 
Compression of the lower limbs has been shown 
to be “very effective” in rendering tilt table test-
ing negative in people with vasovagal syncope 
(n = 20) [38]. Compression of the lower limbs 
causes an increased blood return from the super-
ficial leg veins to the heart. Although there are 
no adult studies in PoTS and compression (pub-
lished at time of writing), one study in adoles-
cent PoTS patients (n = 20), found abdominal 
and extremity compression decreased orthos-
tatic symptoms and tachycardia during repeat tilt 
table testing [39].

Research using an antigravity suit in a small 
number of patients with chronic symptomatic 
orthostatic hypotension (n = 14) demonstrated 
that compression of both lower abdomen and 
lower limbs was the most efficacious method 
to improve symptoms and BP levels [40]. 
Furthermore abdominal compression alone was 
superior to compression of both lower limbs 

benefit in increasing dietary flavonoids and fol-
lowing a low histamine diet.

Weight

Weight should be within normal ranges as a gen-
eral principle of good health. There are specific 
issues for those with PoTS and care should be 
taken when assessing people with PoTS; severe 
gastric symptoms can result in difficulties main-
taining a healthy weight. In these people there 
are specific gastrointestinal issues, including the 
need for a soft/liquid diet as, discussed in chap-
ter “Postural Tachycardia Syndrome and the 
Gut”.

Being overweight can impact on PoTS, and 
it is reasonable to recommend a healthy weight 
maintenance which could positively impact on 
PoTS symptoms. There are no PoTS specific 
studies into the effects of weight loss, however 
it is well recognized that there is an increased 
sympathetic drive in PoTS [30]. Sympathetic 
activation is augmented in overweight people 
and is associated with an inflammatory pro-
cess [31]. Excessive weight has been found 
to contribute to sympathetic discharge in 
women and body weight reduction in women 
has been shown to reduce muscle sympathetic 
nerve activity [32]. There is one case report of 
PoTS improving following weight loss [33]. A 
study of obesity in polycystic ovary syndrome 
found those who were overweight (n = 64) 
had a higher rate of autonomic dysfunction 
reflected in a higher delta heart rate and higher 
plasma adrenalin than the healthy weight, con-
trol group (n = 40) [34]. Finally, excess body 
weight is associated with neuroinflammation 
and mast cells, potentially exacerbating “brain 
fog” [28]. Incidentally, dramatic weight reduc-
tion treatment with bariatric surgery is asso-
ciated with post-surgery induced orthostatic 
intolerance, autonomic dysfunction and severe 
orthostatic hypotension [35, 36]. The empha-
sis should be on a healthy weight, achieving 
and maintaining this with a healthy lifestyle 
adapted around the PoTS person’s specific 
needs.
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symptoms. This requires trial and error to help 
find specific triggers in individuals, and guide 
lifestyle management.
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for Postural Tachycardia 
Syndrome

I. De Wandele, D. Low, P. Rowe and J. V. Simmonds

Introduction

The Postural Tachycardia Syndrome (PoTS, 
in which patients are unable to stand or 
remain upright for prolonged periods of time 
due to intolerable palpitations, dizziness, or 
 near-syncope) is a major form of chronic ortho-
static intolerance in young people, with few 
definitive therapies [1]. The underlying patho-
physiology is not well understood, but recent 
research has suggested that physical decondi-
tioning and reduced standing stroke volume may 

be important to the pathogenesis of PoTS and 
the severity of its disability [2–8].

Treatment of PoTS is challenging; and 
achieving a tangible effect on symptoms 
requires a treatment approach on multiple lev-
els which may include: (1) revision of the 
current medication, (2) education regarding 
underlying mechanisms of PoTS and the pos-
sible  non-pharmacological measures, (3) physi-
cal training, and (4) pharmacological treatment. 
This paper reviews the recent literature and 
discusses the rationale and approach to design-
ing and implementing exercise rehabilitation 
programmes.

PoTS and Deconditioning

In the current literature, orthostatic intoler-
ance, and PoTS in specific, have been related to 
deconditioning [3, 8, 9]. However, no consensus 
yet exists on the exact nature of this relationship. 
Some authors label deconditioning as the cause 
of PoTS [6] and believe that it may be cured 
with reconditioning alone [3, 4]. The combina-
tion of a small heart and reduced blood volume, 
both of which are signs typically seen in decon-
ditioning, lead to a reduced stroke volume and 
are therefore regarded as the primary abnormali-
ties underlying PoTS [3, 7]. By contrast, others 
believe that deconditioning is not the primary 
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available pharmacological options for treating 
PoTS are only moderately effective. Secondly, 
it can take substantial trial and error before the 
most efficacious treatment is found. And finally, 
side effects, such as fatigue (betablockers), the 
development of hypertension (alpha-adrenergic 
agonists), or hypokalaemia (fludrocortisone), 
are often cited as the main reason for cessation 
of pharmacological treatment [5]. Exercise train-
ing offers the possibility to enlarge the heart and 
expand blood volume, while improving barore-
flex sensitivity and increasing peak oxygen 
uptake [3, 5, 20], without any of the side effects 
of pharmacological treatment.

Clinicians however need to be aware that 
some individuals cannot tolerate or benefit from 
exercise until after they have achieved better 
medication control of their PoTS. As a result, we 
regard it as improper and punitive to insist that 
patients always prove they have been adherent 
to an exercise regimen before medications are 
introduced. As an example, one young adult had 
a heart rate in the 104–140 bpm range at rest. 
When she would attempt exercise, as she often 
did in an attempt to improve her function, she 
developed a prompt and marked tachycardic 
response. Within 2–3 min of initiating tread-
mill exercise, her heart rate would increase to 
180 bpm, and this would provoke a migraine 
headache that would then last two days. She 
was prescribed ivabradine, which was associated 
with the following improvements in HR and 
exercise tolerance with each dose increase (See 
Table 1).

Other medications have had similar effects on 
the ability to tolerate exercise in other patients, 
and we do not intend to suggest that this 

cause of PoTS, but rather a secondary factor that 
contributes to PoTS. Furthermore, recent stud-
ies suggest that deconditioning may even be a 
consequence of PoTS, as the reduced stroke vol-
ume seen in patients with PoTS has been related 
to exercise intolerance [7, 10]. Patients report 
malaise during exercise [7, 10] and are there-
fore unable to adhere to conventional exercise 
programs. These authors report that the reduced 
stroke volume seen in PoTS is caused by an 
insufficient preload of the heart, very probably 
due to peripheral blood pooling [7, 10–12], a 
phenomenon that can exist without relation to 
deconditioning.

Regardless of the nature of the relation-
ship—cause or consequence—deconditioning 
is thought to negatively influence cardiovas-
cular function [13, 14, 15, 16]. The long-term 
beneficial effects of increased physical fit-
ness that are thought to counteract orthostatic 
intolerance consist of a larger blood volume, a 
larger heart and cardiac output, enhanced vas-
cular compression by increased muscle tissue, 
improved endothelial function, and possibly 
also improved baroreflex function [17–19]. The 
research group of Fu et al. showed that moder-
ate gradual endurance and strength training can 
increase orthostatic tolerance in PoTS, decrease 
upright heart rate, improve baroreflex sensitiv-
ity and heart rate variability, and improve qual-
ity of life. After the 3-month training program 
the majority of the patients included in their 
study no longer fulfilled the criteria for PoTS 
[3, 5, 20]. Consequently, exercise training can  
be regarded as a type of non-pharmacological 
therapy, with several advantages over pharmaco-
logical treatment. Firstly, most of the currently 

Table 1  Case example of exercise tolerance with Ivabradine

Key BID—Bi daily dose, HA—Headache

Ivabradine dose Resting heart rate Exercise heart rate

0 mg 115 170–180 in 2 mins, w/HA

2.5 mg BID 110 170–180 in 2 mins, w/HA

5 mg BID 90 155, no HA

7.5 mg BID 80 140, no HA

10 mg MID 72 130 with 3–40 minutes on elliptical trainer; no 
HA
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response is specific to ivabradine. This example 
emphasizes the importance of an individualized 
mix of exercise and medication management, 
not a rigid adherence to an “exercise first” 
philosophy.

Exercise Training Guidelines for PoTS

The information below is based on clinical 
experience and evidence in several overlapping 
pathologies, such as hypermobility spectrum 
disorders, Ehlers Danlos syndrome, fibromyal-
gia, chronic fatigue syndrome, and overtraining. 
These guidelines are meant as a starting point 
for clinicians in setting up a training program, 
and to guide future research.

When prescribing exercise, clinicians should 
be aware that physical activity is a demand-
ing task for the circulatory system, which is 
already functioning at its upper limit in patients 
with orthostatic intolerance. In this popula-
tion, a restricted tolerance for exercise is preva-
lent, with reports of post-exertional malaise 
and symptom aggravation due to exercise [10]. 
Each acute bout of exercise induces cardiovas-
cular and respiratory changes that affect the 
regulation of systemic and cerebral blood flow 
and persist for some time after the activity has 
ended [21]. After exercise, there is a sustained 
reduction in blood pressure, the magnitude of 
which is dependent on the previously recruited 
muscle mass [22] and the exercise intensity 
[23]. In addition, the hyperventilatory response 
during moderate-higher intensity exercise can 
cause hypocapnia, which leads to vasoconstric-
tion of the cerebral vasculature [24], possibly 
contributing to symptoms of cerebral hypoper-
fusion. Adherence to exercise programs is often 
low in PoTS, because patients perceive physi-
cal activity as adversely affecting their condi-
tion in the short term. The training program 
should therefore aim to improve physical fitness, 
while avoiding excessive stress on the circula-
tory system. Several aspects of training should 
be adapted when orthostatic intolerance is pre-
sent, including the exercise modality (aerobic/
resistance training), type of exercise (isometric/

dynamic), body position (supine or upright), 
intensity and frequency, and active muscle mass.

Setting up the Exercise Program

Research regarding exercise in PoTS is still 
scarce. The reconditioning program developed 
by the research group of Fu and George et al. 
could be used as a basis, as it has been studied 
both in small and large patient populations with 
PoTS and has yielded beneficial results [3, 5, 
20]. Exercise training in orthostatic intolerance 
is focused on improving aerobic fitness, as well 
as strengthening the lower limbs to improve the 
‘muscle pump’ function [20, 9]. It should start 
with exercise that imposes a mild stress on the 
cardiovascular system, and progress very gradu-
ally to more circulatory challenging physical 
activities. Developing shared realistic goals with 
patients is an important starting point and these 
can be reviewed on a regular basis as a form of 
outcome measure and to help with motivation.

This can be done by taking the following 
aspects into account:

Exercise modality: In general, aerobic 
activities with a local resistive component for 
the lower limbs are preferred, such as reclined 
cycling, swimming and rowing. This type of 
activity constitutes the largest part of the train-
ing program [5, 20]. Resistance training can 
be added to the program, but therapists should 
be aware that this type of training tends to be 
more demanding for the circulatory system [25]. 
Strength training elicits larger blood pressure 
changes than aerobic exercise, in part because 
generating large forces with the limbs requires 
stabilization by the trunk muscles [26]. This 
often causes a Valsalva manoeuvre, that first 
increases intrathoracic pressure and is followed 
by a drop in systemic blood pressure. Correction 
requires sympathetic activation to create suf-
ficient peripheral vasoconstriction [27]. Fu and 
George and their colleagues advise to exercise 
3–4 times per week, of which initially only one 
training session includes some resistance exer-
cises. This can gradually be increased to two 
resistance sessions per week [3, 20].
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vasoconstriction is required to compensate for 
the gravity induced downward displacement of 
blood.

Intensity and frequency: Choosing a train-
ing load in balance with the individual’s car-
diovascular capacity is a challenging task. 
Individualized training and progress is vital. 
Fu and George et al suggest performing a sub-
maximal exercise test [3, 20], such as the 
Astrand-Saltin incremental treadmill proto-
col, to estimate the patient’s maximum heart 
rate. However, upright treadmill tests may not 
be possible in clinical settings. In these cases 
other submaximal tests can be considered, such 
as the incremental shuttle walk test [29] or 
cycle ergometry [30], although these tests have 
not yet been validated in this patient popula-
tion. Pragmatically using 220—age to estimate 
maximum heart rate is recommended [31]. For 
patients using medication that controls heart 
rate, including β-blocking agents or ivabradine, 
the Borg scale for the rating of perceived exer-
tion (RPE) can be used to estimate exercise 
intensity during the training sessions, since heart 
rate is not a valid parameter in this group.

Table 2 provides an overview of the train-
ing intensity in the program by George et al. 
[20]. In this example the majority of the training 

Type of exercise: Dynamic exercise may be 
better tolerated than isometric exercise, because 
the latter is thought to constitute a larger circu-
latory stressor. A sustained muscle contraction 
causes larger increases in heart rate, systolic and 
diastolic blood pressure [28]. Even when per-
forming strengthening exercises dynamically, 
it is advised to breathe out during the genera-
tion of force and breathe in during the returning 
motion to avoid Valsalva maneuvers.

Position: Recent studies demonstrate that 
patients with PoTS respond to exercise with an 
insufficient increase in stroke volume [7, 10], 
which can lead to symptoms of circulatory dis-
tress (dyspnea, feeling faint, lightheadedness, 
weakness). Therefore, exercising in the horizon-
tal position (e.g. rowing, reclined cycling, swim-
ming, supine leg press) is preferred in the first 
stages of training [3, 20, 9] (See Figs. 1 and 2). 
Supine activity is better tolerated than upright 
activity, because a recumbent position increases 
cardiac filling, since venous return is facilitated 
when gravity is excluded. Fu and George et al. 
advise to only add upright activities by the end 
of the second or beginning of the third month 
of the training program [3, 20]. The upright 
position is significantly more stressful for the 
sympathetic nervous system, because active 

Fig. 1  Rowing is a good example of a recumbent cardiovascular exercise. Care should be taken with posture to avoid 
hinging on the lumbar spine and flicking into hyperextension of the knee if hypermobile
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protocols need to be adapted for individu-
als with fragile tissues and additional issues of 
pain and fatigue [32]. The overall rehabilitation 
timeframe and recovery from exercise is likely 
to be protracted due to complexity and multi-
system involvement. For these patients, aero-
bic exercise may start with as little as 1–5 min 
of recumbent exercise at an RPE of 6–12 twice 
per day on a daily basis, increasing by 10–20% 
each week (clinical expert opinion). Low impact 
exercise modes (cycling, leg press, aquatic 
therapy, etc.) are better suited than exercise that 
involves a high impact component on the joints 
of the lower limbs (e.g. running); and exercise 
that causes joint approximation is preferred 
over distraction (e.g. rowing may not be toler-
ated by some patients due to shoulder laxity). 

sessions during the first are considered ‘base 
pace sessions’, with a target heart rate of 75% of 
the estimated maximal heart rate (RPE: 13–15), 
for 30–40 min per session [3, 20]. These are 
alternated with ‘recovery sessions’ below the 
anaerobic threshold (RPE: 6–12) and a few 
‘maximal steady state’ sessions (RPE: 16–18). 
For very disabled patients these authors advise 
to use the same training intensities, but suggest 
shortening the durations of the sessions. Over 
the course of three months, the training fre-
quency is increased from 3–4 times per week to 
5–6 times per week.

Of note, where patients with PoTS 
have Hypermobility Spectrum Disorder or 
Hypermobile Ehlers-Danlos Syndrome, which 
may augment pain and fatigue exercise, training 

Fig. 2  Recumbent cycling can also be used as a cardiovascular exercise. Ideally knees high to assist blood flow to the 
heart

Table 2  Example of a 3 month exercise program for PoTS [20] adapted from George et al. 

Training type Month 1 Month 2 Month 3

Base pace (RPE 13–15) 2–3 × 30 min per week 2–3 × 30 min per week 1 × 35 min per week

Max steady state (RPE 16–18) 1 × 20 min per week 1 × 25 min per week 2–3 × 30 min per week

Recovery (RPE 6–12) 1 × 30–40 min per week 1 × 40 min  per week 2 × 40 min per week

Resistance training 1 × 15–20 min per week 2 × 2–25 min 2 × 30 min

Cardiovascular modes Recumbent bike
Swimming
Rowing

The modes of month 1
 + upright cycling

The modes of month 1 and 
2 + elliptical and treadmill 
walking
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may embark on the prescription recommended 
by George et al. [20].

Active muscle mass: The larger the active 
muscle mass, the larger the effort imposed on 
the circulatory system to counteract the vasodi-
lation in working muscles [22]. Clinical experi-
ence demonstrates that most patients with PoTS 

Physiotherapy treatment to address joint stabil-
ity, muscle strength and motor control will need 
to be incorporated into the prescription, this 
often entails closed chain exercises (See Figs. 3 
and 4). Once 30 min of low intensity exercise is 
achieved per day the intensity can be increased 
to the recommended 13–15 RPE and patients 

Fig. 3  Leg press is an example of a closed chain exercise to strengthen quadriceps and gluteal muscles. Positioning 
the knees high, will aid venous return

Fig. 4  Bridging is another example of a closed chain exercise for improving gluteal and trunk strength and motor 
control
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repeatedly during, and after exercise, especially 
in patients who use medication that affects the 
cardiovascular system. In addition to being a 
safety measure, comparison of the heart rate 
responses to submaximal efforts at different 
times during the training program can yield 
an understanding of the patient’s progress. 
Furthermore, during training, sufficient intake 
of water and electrolytes is important to prevent 
disturbance of the electrolyte/fluid balance due 
to sweating. Measurements of body mass before 
and after each session can provide an index of 
sweat loss via the reduction in body mass and 
therefore appropriate amounts of fluids to con-
sume. Avoid exercising in warm environments.

After a training session, a low-intensity 
cyclical cooling-down activity may prevent a 
sudden blood pressure drop. For example, low-
intensity cycling causes repeated contraction 
and relaxation of large muscle groups in the 
lower limbs. This engages the muscle pump and 
increases venous return without stressing the 
cardiovascular system excessively. Patients are 
advised to avoid prolonged standing immedi-
ately after a training session, because during the 
first 5–10 min after exercise the muscle pump is 
no longer active while vasodilatation is still pre-
sent in the exercised muscles [35]. Other options 
are using the pressor effect of water ingestion 
and wearing compression garments after the 
bout of exercise [35]. Resting in a supine or 
seated position with the knees higher than the 
hips can be advised. This position leads to a pas-
sive shift of blood volume towards the center of 
the body and increases stroke volume, decreas-
ing the demands on the circulatory system.

Finally, to optimize the capacity of the car-
diovascular system to cope with circulatory 
stressors, several non-pharmacological daily life 
measures can be of some benefit. For instance, 
sleeping with the head of the bed elevated by 
4–6 inches, progressively increasing salt intake 
to 10–12 g per day, and fluid intake to 2 Litres 
per day can help increase plasma volume [36, 
9]. Patients also often benefit from doing sim-
ple circulatory exercises in the morning to help 
move blood from the periphery. For example, 
heel raises (graduating to about 3 0 repetitions), 

tolerate using large muscle groups, for instance 
for swimming, rowing and cycling, when the 
activity is performed in a recumbent position. 
In severely disabled patients who even report 
symptom aggravation after supine training, exer-
cises that target single muscles can be used as a 
starting point for training (e.g. calf muscles only, 
or quadriceps only). The goal is to progress to 
whole-body exercises.

Peripheral blood pooling: Additional 
measures that reduce pooling can be used dur-
ing training. Examples are wearing compres-
sive stockings or an abdominal band during the 
exercise sessions, or exercising in water [33]. 
Hydrotherapy is often well tolerated, because 
of the shift in blood volume from the periphery 
to the thoracic/abdominal cavity, as a result of 
the increased hydrostatic pressure. The water 
temperature is of importance: water that is too 
warm is anecdotally reported to provoke malaise 
in patients with orthostatic intolerance due to 
the increased likelihood of heat stress adding to 
peripheral blood pooling.

Additional Tips

Prior to a training session, patients are advised 
to drink about two glasses of water, preferably 
with a tablet of water-solvable electrolytes or 
an isotonic sports drink. The pressor response 
to fluid ingestion can elevate the blood pressure 
acutely and helps prevent hypotension during 
and after exercise [34]. Furthermore, patients are 
instructed to avoid exercising within one hour 
of the previous meal, since vasodilatation in the 
gastrointestinal tract lowers the capacity of the 
circulatory system to cope with another stressor. 
Patients taking vasoconstrictive medicines, such 
as midodrine, could take an extra dose about 15 
to 20 min prior to exercising, or immediately 
after, depending on what they perceive as most 
helpful to prevent symptoms. Oldham et al. 
suggest that for some patients with PoTS vaso-
constrictors may even have a larger effect than 
volume loading [10].

During a training session, we advise to 
measure blood pressure and heart rate before, 
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triceps curls (graduating to about 30 repetitions 
with a light weight 1–2 kg) and squats or wall 
slides (graduating to about 15 repetitions) can be 
performed to reduce peripheral blood pooling.

Return to Work and Maintenance

Where individuals have been off work due to 
PoTS, a graduated return to school, University 
or work is recommended. Exercise will be 
best incorporated into daily routines. This may 
involve walking or cycling as part of a daily 
commute and/or undertaking physical activity 
in the lunchtime. If work is primarily seden-
tary, it will be important to get up from the desk 
and move each 30 minutes to prevent peripheral 
venous pooling. The aim for exercise training/
physical activity for PoTS after return to work 
are in line with the national physical activity 
guidelines (NHS choices) [37] and not dissimi-
lar from the recommendations of Month 3 of 
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Medication in PoTS: 
An Overview

Nicholas Gall

The next section of this book will deal with 
the use of medications in PoTS. As is clear 
from many of the other chapters and indeed the 
review articles in the literature, while the diag-
nosis of PoTS is very much focused on a heart 
rate increase, there do seem to be more wide-
spread abnormalities in cardiovascular and res-
piratory control but also symptoms in other 
territories. Any therapeutic approach, there-
fore, will rely on excluding other underlying 
conditions, treating individual systemic symp-
toms and should be particularly focused on the 
non-pharmacological therapies of increased 
fluid and salt intake, compression cloth-
ing and exercise. In many cases, however, the 
 non-pharmacological approach may be insuf-
ficient to provide benefit and indeed in some 
cases, symptoms may be so significant that 
medications are required to allow patients to 
function, at least to some extent and may even 
be required to allow them to feel that they can 
exercise. While there are guidelines in the lit-
erature [1] and indeed there is now guidance 
from the Canadian Cardiac Society [2], there is 
no clear consensus about which medications to 
use and when. In addition, as is detailed in the 

individual drug chapters to come, while there 
is some evidence of potential benefit in indi-
vidual patients and while there are small studies 
using a number of the medications, there are no 
major trials undertaken to prove benefit in the 
longer term. In general, the medications we use 
are not licensed in the UK nor abroad in the US 
amongst others and therefore it is important to 
emphasise to the patient that medications are 
used off-label although that is an acceptable 
approach in certain circumstances, as detailed 
by the GMC [3].

In general, patients are young and more often 
female and there will be less concern that renal 
excretion or liver metabolism will significantly 
affect the doses provided however, an assess-
ment of biochemistry is clearly always appro-
priate. We recommend a blood test undertaken 
on a yearly basis for that purpose although that 
is purely arbitrary. As the pathophysiology of 
PoTS is uncertain and is potentially different in 
different individuals, it is therefore not unsur-
prising that different patients react to differ-
ent medications in different ways. In addition, 
allergic responses may make some medications 
poorly tolerated and indeed in a small number 
of cases lactose in the medication may not be 
tolerated.

As many of the patients are female and of repro-
ductive age, it is also important to bear in mind the 
potential for pregnancy and as detailed in chapter 
‘Pregnancy and Postural Tachycardia Syndrome’ 
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well be that without that bedrock, medications 
may provide little support.

Many of the review articles in the field pro-
vide lists of medications which can be used [4–
6] and, as will be defined in individual chapters, 
much of the evidence may be relatively limited. 
Not every physician will have experience with 
every medication and at times, particularly with 
the injectable medications, there may be signifi-
cant risks and it may be that if such an approach 
is considered enlisting the assistance of a cen-
tre where there is experience or with colleagues 
in an alternative specialty where there may be 
greater experience, for example in renal medi-
cine for EPO, may be needed. From personal 
experience, much can be gained with the use of 
the more commonly prescribed medications but 
often as more and more medications are pre-
scribed, the incremental benefit may be smaller.

As is clear from the other chapters, there are 
no long-term, randomised controlled trials in 
the area and therefore there is no guidance as 
to which medications to use in which circum-
stance. With alternative physiologies perhaps 
predominating in different patients, it may well 
be clear that one medication which has provided 
benefit in one patient may provide absolutely no 
benefit in another, emphasising differences in 
physiology rather than necessarily indicating a 
diagnostic error.

Boris (2018) [7] details their experience of 
managing PoTS in children. They describe their 
standard approach to management and assessed 
this using a clinical database as to which medi-
cations were being taken, noting which pro-
vided symptomatic improvement assessing 
efficacy based on both patient-reported symp-
tom improvement and maintenance of the 
medication dose to indicate that the medica-
tions were being taken with five or more repeat 
prescriptions at a consistent dose. 708 patients 
were involved in their assessment, 77.5% being 
female, ranging from 6 to 18 years with a sig-
nificant majority of the patients in their teen-
age years. They note that lightheadedness was a 
particularly common symptom for which medi-
cations were prescribed and noted that overall 

of this textbook, while some of the medications are 
known to be safe, others are not known and there-
fore should be avoided in that circumstance.

The abnormalities in physiology appear to 
relate to a combination of an inappropriately 
fast heart rate, sometimes low and particularly 
variable BP and abnormalities in blood vol-
ume control, the medications used often have 
actions to affect those individual pathophysi-
ologies. There is no clear guidance as to which 
medications to use in what order, but a logical 
approach would be to prescribe medications to 
affect one of those abnormalities, slowly and 
gradually increasing the dose to provide effi-
cacy. Alternative drugs providing the same ben-
efit, for instance ivabradine and beta-blockers 
could be either added together to provide addi-
tional benefit or used alternatively if one is not 
tolerated. Doses should be slowly and gradually 
increased according to patient’s symptoms with 
some regard to haemodynamic variables such 
as heart rate or blood pressure but in general the 
smallest dose of medication should be used to 
provide therapeutic benefit in each case. If ben-
efit is found with one particular medication but 
more benefit is required, it may be worth consid-
ering prescribing an additional medication, tak-
ing note of drug-drug interactions, with effects 
on a different aspect of the pathophysiology. 
Polypharmacy is always a particular danger in 
complex areas  of medicine and while there are 
some interactions, many of the commonly used 
are prescribed altogether. It is always important 
to ensure that, not only are medications started 
to improve symptoms but medications which 
provide no benefit should be stopped. Patient’s 
symptoms often wax and wane according to 
other associated illnesses, with the menstrual 
cycle and with the weather, particularly in the 
summer and therefore whether a particular med-
ication provides benefit may need to be assessed 
in the longer term; however all of the medica-
tions used do tend to produce rapid changes in 
physiology and therefore prolonged treatment 
awaiting benefit is not required. It is clearly 
important to emphasise that the non-pharmaco-
logical approaches remain paramount and it may 
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more than half of the patients found benefit 
from those medications. They note that other 
medications used for other symptoms, such as 
headache, nausea, dysmotility, pain and insom-
nia were limited by side-effects but still had the 
potential to provide benefit in a small number of 
patients. None of the medications assessed pro-
vided benefit to more than 50% of patients and 
they note that lightheadedness and pain were 
often more effectively treated than other symp-
toms, such as gastrointestinal dysmotility. Their 
assessment highlights multiple individual medi-
cations being prescribed for symptom improve-
ment: the median number of therapies per 
patient included two for lightheadedness, two 
for headache, one for nausea, one for dysmotil-
ity, one for pain and two for insomnia. This rep-
resents a retrospective analysis of their practice 
and therefore will be limited to some extent in 
that regard and as a specialist centre, patients 
may be more unwell than others seen in more 
general settings.

A number of medications may be prescribed 
for other purposes which can worsen orthostatic 
intolerance such as many commonly prescribed 
medications for hypertension. While hyperten-
sion may coexist, it is a rare finding because of 
the demographic who suffer PoTS in general. 
There may be some symptoms where vasoactive 
medications are prescribed to improve one symp-
tom which may worsen another and therefore the 
prescription will become a balance of which are 
the most important symptoms to treat. For exam-
ple, it is recognised that the serotonin norepi-
nephrine reuptake inhibitor  anti-depressants can 
worsen PoTS however as they can provide bene-
fit treating pain or depression, which may lead to 
improved activity, in some cases the benefit out-
weighs the worsening of symptoms. Therefore, 
it is important that the physician managing the 
case overall can take an overview of all of the 
medications prescribed to ensure interactions are 
not missed but also to guide the best therapeutic 
approach for individual symptoms.

It is important to recognise that any therapy 
can be associated with a placebo effect. There is 
a growing understanding of this both in a posi-
tive sense, as shown in the syncope trials [8], 

patients are well-recognised to note benefit from 
both medications and from interventions. In 
addition, if there is a perceived suggestion that 
a particular medication may produce adverse 
effects, for instance when prescribing statins for 
hypercholesterolaemia, side effects may occur 
[9]. How much of the therapeutic benefit that is 
noted with any individual medication may well 
therefore be affected by a  super-added placebo 
effect however as the basis of the therapeutic 
approach to PoTS is symptom improvement 
with the aim in the longer term to wean and 
stop medications, the placebo effect may be 
of benefit. Patients do however react to differ-
ent medications in different ways and therefore 
the placebo effect is not an explanation for the 
entire therapeutic approach. It will only be with 
true double-blind, randomised controlled trials 
that an understanding of this area will be under-
stood however [10].

While there is no accepted standard approach 
to prescribing medications in PoTS, a recent 
review from experts in the field [11] does pro-
vide a suggested therapeutic approach, empha-
sising the use of different medications to affect 
different parts of the symptomatology.

Those individual medications will be 
detailed in chapters ‘Midodrine’, ‘Ivabradine’, 
‘β-blockers’, ‘Fludrocortisone’, ‘Octreotide’, 
‘Clonidine’, ‘Other Medications: Desmopressin, 
Pyridostigmine Erythropoietin and SSRIs’.
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Midodrine

Nicholas Gall

The detailed pathophysiology of PoTS remains 
uncertain but, as detailed elsewhere, one of the 
likely mechanisms relates to impaired peripheral 
vasoconstriction leading to cardiac under-filling, 
reduced preload and lower BP, thus affecting the 
adequacy of forward perfusion. Interventions such 
as compression clothing have been suggested to 
affect this aspect and vasoconstricting medications 
have been proposed as a therapeutic approach. 
One of the most commonly used medications in 
this area is midodrine which has also been studied 
for the prevention of vasovagal syncope. Raj and 
colleagues [1] have proposed the use of midodrine 
to reduce the risk of vasovagal syncope as part 
of the POST 4 trial which has now completed 
recruitment and is awaiting publication.

Midodrine [2] is a pro-drug which under-
goes hydrolysis in both the intestines and in 
the plasma to produce desglymidodrine, which 
is an agonist of peripheral alpha-1 adrenergic 
receptors, producing both veno- and arteriolar 
constriction, therefore increasing cardiac output 
and peripheral resistance. It does not cross the 
blood–brain barrier and therefore does not pro-
duce more central effects. It is rapidly converted 
into its active metabolite and therefore has a 
short half-life. The half-life of its metabolic 

product is around 2.5 hours and therefore its 
clinical effects usually will last for around four 
hours.

It can affect adrenoreceptors elsewhere, for 
instance in the bladder and ureter, leading to 
some of the potential side effects. It is felt to be 
contraindicated in those with significant heart 
and other vascular diseases, hypertension, sig-
nificant renal failure, those with problematic 
urinary retention, proliferative diabetic retinopa-
thy, phaeochromocytoma, hyperthyroidism and 
narrow-angle glaucoma. Other than the hyper-
tensive side effects, many patients note tingling 
in the scalp which is usually insufficient to pre-
vent its use but some use that as a guide as to 
when the medication is working. Some patients 
may note headache, nausea, flushing, rash and 
particularly urinary retention and a small num-
ber may not be able to continue using the medi-
cation because of these side-effects. Perhaps 
a larger number, through personal experience, 
may not find clinical benefit from the medica-
tion and will stop for that reason.

It is not known to be safe in pregnancy and 
therefore it is generally recommended that it 
is avoided although there are case reports of 
patients going through pregnancy successfully 
without problem [3]. It should be avoided in 
severe renal failure but is not affected by liver 
function impairment.

There are interactions, however these are 
generally few and it is worth consulting a 
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symptoms, as long as they do not exceed the 
maximum daily amount. At times, patients may 
take an extra dose into the evening if they are 
staying out late.

As detailed elsewhere, there are no long-term 
assessments of the use of midodrine in PoTS 
patients but it has been studied in a number of 
small studies.

Gordon et al. [5] studied 21 subjects who 
fulfilled criteria for PoTS, the majority being 
female. They were given midodrine in addition 
to other medication interventions and assessed 
their symptoms after the dose; in addition, heart 
rates were monitored while tilted. Midodrine 
reduced both the tilt-related heart rate increase 
but also improved patient’s symptoms.

In a retrospective, questionnaire-based 
assessment of PoTS patients studied at the 
Mayo Clinic [6], patients reported an improve-
ment in symptoms with midodrine and also with 
 beta-blockers. In a study examining the effects 
of midodrine and octreotide [7] on postural heart 
rate, nine patients with PoTS and six with ortho-
static intolerance were studied while standing 
for one hour. Neither medication alone led to 
an increase in standing time but the combina-
tion increased their standing time significantly. 
Both medications separately and in combination 
reduced standing heart rate.

It remains unclear as to whether it is possi-
ble to predict which patients may respond to 
midodrine however a number of small studies 
have been undertaken looking at various bio-
markers including plasma copeptin [8], eryth-
rocytic hydrogen sulphide [9], mid-regional 
pro-adrenomedullin [10] and flow-mediated 
vasodilatation [11]. While these are clearly areas 
of interest, the data originate from small studies 
in children and therefore will require a signifi-
cant degree of validation. The same group [12] 
have also assessed the use of midodrine over 
3–6 months and showed improvements in pos-
tural heart rate and in symptom score although 
again this was a small study in children.

It could be postulated that midodrine would 
be more likely to produce therapeutic benefit 
in patients where there is a failure of periph-
eral vasoconstriction rather than in patients 

formulary for an up-to-date list, for instance the 
British National Formulary app.

As it produces vasoconstriction, there is 
some concern that it can lead to hypertension 
and therefore it is important to monitor blood 
pressure with its use. There is concern particu-
larly that high blood pressure may occur while 
the patient is supine and therefore it is gener-
ally suggested that patients avoid lying flat hav-
ing taken midodrine for four hours after the last 
dose. If patients do need to lie flat, then being 
somewhat propped up and assessing their BP 
would be appropriate. The medication often 
begins to produce its effect within 30–45 min-
utes and therefore many patients will take their 
first dose as they get out of bed in the morn-
ing but can also take it half an hour before ris-
ing. They will often note the effects wearing 
off and therefore can have further doses every 
four hours, ensuring that they do not take a dose 
within four or five hours of going to bed. While 
it is not mandatary, it is clearly important to 
ensure that BP does not rise excessively while 
taking this medication and purely arbitrarily, in 
our practice, we give patients the first dose and 
monitor their blood pressure over several hours 
to ensure that no significant events occur. In 
general, because of the demographic of PoTS 
patients, we tend not to see significantly high 
blood pressure. While on the medication subse-
quently, we advise patients to assess their BP on 
occasion at home, perhaps every few weeks.

In terms of dosing, we start with 2.5 mg 
three times a day and assess for clinical ben-
efit. As it does seem to produce rapid effects, 
patients will often be aware of its efficacy 
within a few days. If patients tolerate the start-
ing dose, we allow them to increase their dose 
every few weeks by 2.5 mg at each dose point, 
as long as their BP is well-controlled. The max-
imum licenced dose in the UK is 10 mg three 
times a day although the Canadian guidance 
suggests that doses up to 15 mg can be used 
[4]. We have found that patients often note the 
effects of the medication and can predict what 
is required at each dose point. We therefore 
allow patients to take different amounts at dif-
ferent times on different days according to their 
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with other potential PoTS mechanisms. Ross 
and colleagues [13] investigated patients who 
were defined as neuropathic versus hyperadr-
energic and assessed the effects of midodrine 
versus placebo and examined the effects of tilt 
testing, measuring calf vascular resistance and 
calf venous capacitance in addition. They noted 
improvements in heart rate in the neuropathic 
cohort from midodrine when compared to pla-
cebo which was associated with an increase in 
calf vascular resistance. A similar effect was not 
seen in the hyperadrenergic patients although 
there seemed to be some benefit from a placebo 
effect.

In conclusion, midodrine is a commonly used 
medication in PoTS because of its peripheral 
vasoconstrictive effects which potentially leads 
to symptomatic improvement by improving 
pre-load. Small studies have been undertaken 
and certainly there is some experimental data to 
suggest the potential for benefit although differ-
ent subtypes of PoTS may benefit preferentially. 
It is therefore recognised in the international 
guidelines [14] as a potential therapy.
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Ivabradine

Tushar V. Salukhe

Sinus tachycardia in response to postural stress 
is the fundamental to diagnosis and the source of 
many symptoms in PoTS patients. This typically 
occurs in the absence of sustained or precipi-
tous hypotension. It is plausible that the postural 
tachycardia is a reflex to venous pooling and 
subsequent sluggish venous return. If tachycar-
dia is necessary to maintain blood pressure and 
cerebral perfusion, attempting to mitigate symp-
toms by blunting sinus tachycardia may appear 
counterproductive, yet sequential publications 
have documented symptom reduction after ther-
apies specifically targeting sinus tachycardia 
[1–3]. These observations underscore the impor-
tance of tachycardia in symptom production.

The rationale for selective sinus node mod-
ulation in PoTS patients was borne from two 
fundamental observations. Symptoms reduc-
tion with beta-blockers is often offset by side 
effects of peripheral drug action, in particular 
hypotension [1, 2]. Secondly, the contribution 
of abnormal sympathetic tone in PoTS patients 
was negligible compared to that of patients with 
inappropriate sinus tachycardia and is compara-
ble to healthy controls [3]. Sympathetic attenu-
ation with beta blockade, though effective in 
many, is a blunt approach.

Ivabradine inhibits If, mixed Na+-K+ chan-
nels expressed with high density in sino-atrial 
node myocytes, thereby selectively reducing 
sinoatrial rate without affecting myocardial con-
tractility or hypotension. This selective action 
received attention to prompt investigation into 
its utility in PoTS and to date is evidenced by 
two non-randomised, single-centre, observa-
tional case studies in PoTS patients [4, 5].

Both studies demonstrated a reduction in 
fatigue and palpitations in ~60–70% of patients 
with the introduction of Ivabradine. These series 
started Ivabradine at 2.5 mg BD or 5 mg BD 
achieving a mean dose of 10.7 mg/24 h over 
15 months. A significant proportion of patients 
in both series were also taking volume expand-
ers (fludrocortisone) or peripheral vasoconstric-
tors (midodrine), although co-therapy was not 
predictive of positive symptomatic response.

Side effects were reported in 10–25% of 
patients, which seldom led to drug cessation. The 
most common reason for stopping treatment was 
lack of efficacy. Side effects were mainly in the 
form of temporary visual disturbances, described 
as light spots (phosphenes) or increased fatigue.

The results of these small studies, limited by 
their design, is encouraging and would justify 
further evaluation in more robust prospective 
randomized study, but no further conclusions 
can be drawn.

Ivabradine for the treatment of PoTS remains 
unlicensed in the United Kingdom. Its use by 
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specialist centers has largely been justified by 
specialists on the grounds of lack of alterna-
tive treatments and the excellent safety profile 
of ivabradine in patients with heart failure and 
angina. The ongoing frustration for patients with 
PoTS and PoTS specialists is that identification 
of responders is difficult and like other treatment 
options, such as midodrine, beta-blockers or 
fludrocortisone, trial and error of individual and 
combination therapy is still common practice. 
Tilt testing can be valuable for documentation of 
a significant postural tachycardia with concomi-
tant symptoms before considering Ivabradine 
treatment, but is not clearly predictive of a posi-
tive response to treatment. There is no role for 
tilt testing in monitoring Ivabradine treatment 
and success should be assessed by symptom 
improvement.

Lifestyle changes, education and cognitive 
support remain the foundation of managing 
patients with PoTS. Pharmacological support 
can provide an invaluable respite from symp-
toms, but treatment will need to be tailored to 
the individual, often through trial and error, 
while also remaining mindful that the needs of 
the individual will also change with time.
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β-blockers
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One major pathophysiological manifestation of 
PoTS includes palpitations due to sinus tachy-
cardia during orthostatic challenge. In a majority 
of patients, this is an appropriate reflex tachycar-
dia due to activation of baroreceptors during an 
orthostatic challenge, with the prevailing view 
of pooling in the lower limbs reducing venous 
return therefore resulting in the activation of the 
medullary centres in the brainstem to promote 
ventricular inotropy and chronotropy mediated 
by the sympathetic nervous system.

Rationale for Us of β-blockers

The rationale for β-blockers (β adrenergic 
receptor antagonists) is to target tachycardia 
symptoms, which may drive symptoms such 
as light-headedness, palpitations and shortness 
of breath. However, the tachycardia is often 
secondary to low stroke volume due to other 
mechanisms, including neurohumoral dysregu-
lation, peripheral venous pooling and relative 
hypovolaemia.

Large doses of β-blockers may decrease heart 
rate excessively or lower blood pressure, which 
may lead to worsening symptoms. Lower doses 

of β-blockers are therefore usually used for 
PoTS. The β-blocker which is recommended 
is propranolol, a non-selective lipophilic drug 
which crosses the blood brain barrier, and 
blocks both the β1 and β2 adrenergic receptors. 
In particular β2 blockade can lead to peripheral 
vasoconstriction, which could then promote a 
secondary reflex lowering of heart rate.

Clinical Trials Evidence

Although the evidence is sparse, propranolol 
is currently a Class IIb recommendation in the 
Heart Rhythm Society consensus document 
[1], as it may be effective in controlling symp-
toms and reducing tachycardia [1, 2]. A small 
study showed exercise training is superior to 
 long-acting propranolol in restoring upright 
haemodynamics, renal-adrenal responsiveness 
and improving quality of life [3].

A Meta-analysis of 8 studies looking into 
the efficacy of β-blockers in children demon-
strated that small doses led to an improvement 
in  heart-rate increment during standing, with 
improved symptoms scores [4].

If beta-blockers are to be prescribed, this 
should be given (at low doses initially) to 
patients in whom palpitations are a dominant 
symptom profile, and patients should be told 
about the possibility of worsening dizziness due 
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to hypotension or relative bradycardia whilst not 
upright.

Recommendations for Use of Beta 
Blockers

Propranolol 10–20 mg bd may be tried in PoTS, 
higher doses are not advised due to potential 
intolerance [5]. There is no evidence on the use 
of other beta blockers in adults [1].

Prior to commencing any form of drug 
 therapy in patients with PoTS, physicians should 
ensure that all patients are adhering to all con-
servative strategies, with particular focus on 
maximising fluid intake.
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Fludrocortisone

Melvin D. Lobo

Introduction

Many PoTS patients are hypovolemic and 
respond well to increased fluid and blood vol-
ume [1, 2]. In addition it has been demon-
strated that some PoTS patients also have low 
levels of aldosterone [3]. Fludrocortisone is a 
synthetic mineralocorticoid used in the treat-
ment of patients with adrenal insufficiency [4]. 
Functionally it is similar to aldosterone, the 
body's primary endogenous mineralocorticoid, 
and is structurally analogous to cortisol, but has 
been modified to enhance its mineralocorticoid 
potency.

Fludrocortisone: Mechanism of Action

In a similar fashion to aldosterone, fludrocor-
tisone acts on mineralocorticoid receptors in 
the kidney to promote sodium reabsorption 

and potassium excretion by increasing the den-
sity of sodium channels on the apical border of 
renal tubular cells and also increasing the den-
sity of Na+-K+-ATPase on the basolateral mem-
brane [5]. The end result is to increase plasma 
sodium concentration and thereby blood 
pressure as well as decreasing plasma potas-
sium levels. Thus electrolytes and renal func-
tion need monitoring during fludrocortisone 
therapy. In the longer term, it is believed that 
fludrocortisone also acts to sensitise vascular 
smooth muscle cells to circulating catechola-
mines [6, 7].

There is a much milder effect of fludrocor-
tisone on glucocorticoid receptors—the glu-
cocorticoid potency of fludrocortisone is up 
to 10 times that of endogenous cortisol whilst 
its mineralocorticoid affinity is 200–400 times 
greater [8].

Pharmacology

Fludrocortisone is rapidly and well absorbed 
following oral administration and is 80% pro-
tein bound in plasma [9]. Metabolism of fludro-
cortisone is not well understood although the 
CYP3A family is likely to be involved and thus 
strong inhibitors/inducers of CYP3A should not 
be concomitantly prescribed during therapy with 
fludrocortisone [10].
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raphy tandem mass spectrometry and its phar-
macokinetic application. Biomed Chromatogr. 
2015;29(8):1213–9.

 10. Rendic S. Summary of information on human CYP 
enzymes: human P450 metabolism data. Drug 
Metab Rev. 2002;34(1–2):83–448.

 11. Schreglmann SR, Buchele F, Sommerauer 
M, Epprecht L, Kagi G, Hagele-Link S, et al. 
Pyridostigmine bromide versus fludrocortisone 
in the treatment of orthostatic hypotension in 
Parkinson’s disease—A randomized controlled trial. 
Eur J Neurol. 2017;24(4):545–51.

 12. Fortunato JE, Wagoner AL, Harbinson RL, 
D’Agostino RB Jr, Shaltout HA, Diz DI. Effect of 
fludrocortisone acetate on chronic unexplained 
nausea and abdominal pain in children with ortho-
static intolerance. J Pediatr Gastroenterol Nutr. 
2014;59(1):39–43.

 13. Sheldon RS, Grubb BP 2nd, Olshansky B, Shen 
WK, Calkins H, Brignole M, et al. 2015 heart 
rhythm society expert consensus statement on the 
diagnosis and treatment of postural tachycardia syn-
drome, inappropriate sinus tachycardia, and vasova-
gal syncope. Heart Rhythm. 2015;12(6):e41-63.

Adverse Effects

Common adverse reactions of fludrocortisone 
arise as a direct consequence of its potent min-
eralocorticoid activity and include retention 
of sodium and water, hypertension, congestive 
heart failure and hypokalaemia. Less commonly 
stomach upset, abdominal pain and bloating and 
nausea have been described as well as headache, 
insomnia and mood changes.

Indication in POTS

The use of fludrocortisone in patients with 
PoTS has not been evaluated in randomised 
controlled clinical trials although there is lim-
ited literature to support its efficacy in the set-
ting of neurogenic orthostatic hypotension [11]. 
Beneficial effects of fludrocortisone on chronic 
nausea and abdominal pain were demonstrated 
in a small uncontrolled study in children with 
PoTS although cardiovascular effects were not 
assessed [12].

By convention a dose of 0.1–0.2 mg is used 
daily either as a single dose or in split doses 
although there is no real need for the latter. Use 
of fludrocortisone mandates monitoring of elec-
trolytes and renal function as mentioned above, 
initially 1 week following a dose change and 
thereafter at 4-6monthly intervals when at a 
steady dose. In the Heart Rhythm Society Expert 
Consensus Statement 2015, fludrocortisone was 
given a Class 2B recommendation for use in 
PoTS [13].
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Octreotide

Melvin D. Lobo

Introduction

Octreotide is a synthetic octapeptide analogue of 
the natural hormone somatostatin [1]. Its main 
indication for use is in the treatment of acro-
megaly and also to minimise side effects during 
cancer chemotherapy [2]. It is likely to improve 
orthostatic symptoms in patients with PoTS 
through splanchnic vasoconstriction.

Octreotide: Mechanism of Action

Octreotide binds to somatostatin receptors 
and acts as a potent inhibitor or growth hor-
mone, glucagon and insulin [3]. In addition 
it suppresses luteinising hormone, decreases 
splanchnic blood flow and inhibits the release of 
numerous gastrointestinal peptides include sero-
tonin, gastrin, vasoactive intestinal peptide and 
pancreatic polypeptide.

Pharmacology

Octreotide has a much longer half life than 
somatostatin and binds with high affinity to 
the specific somatostatin receptor sub-type 2 
(SST2).

Adverse Effects

Common side effects of therapy with Octreotide 
(which are dose dependent in severity) include 
nausea, abdominal cramps and diarrhoea, flatu-
lence and fat malabsorption. During treatment of 
acromegaly with octreotide, a third of patients 
were noted to develop gallstones although 
symptomatic gallbladder disease was uncom-
mon [3, 4].

Indication in POTS

Octreotide can be administered by intravenous, 
intramuscular or subcutaneous injection and 
longer acting versions now exist which are given 
via the intramuscular route. There is limited 
data to support the use of Octreotide in PoTS 
and its use has not been recommended in any 
guidelines/expert consensus statements to date. 
In two small, uncontrolled trials, it was demon-
strated that Octreotide by either subcutaneous 
or intramuscular injection improved symptoms 
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of postprandial cholecystokinin release and 
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mation in acromegalic patients during Sandostatin 
LAR. Aliment Pharmacol Ther. 2001;15(2):181–5.

5. Hoeldtke RD, Bryner KD, Hoeldtke ME, Hobbs G. 
Treatment of postural tachycardia syndrome: A com-
parison of octreotide and midodrine. Clin Auton Res. 
2006;16(6):390–5.

6. Hoeldtke RD, Bryner KD, Hoeldtke ME, Hobbs G. 
Treatment of autonomic neuropathy, postural tachy-
cardia and orthostatic syncope with octreotide LAR. 
Clin Auton Res. 2007;17(6):334–40.

7. Alam M, Smith G, Bleasdale-Barr K, Pavitt DV, 
Mathias CJ. Effects of the peptide release inhibi-
tor, octreotide, on daytime hypotension and on noc-
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of orthostatic intolerance as well as fatigue in 
patients with PoTS [5, 6]. The use of Octreotide 
to attenuate post-prandial hypotension has 
shown some promise albeit in patients who did 
not have PoTS and this is an area worthy of fur-
ther research in PoTS patients who often report 
severe post-prandial lassitude due to splanchnic 
pooling [7–9].
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Clonidine
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Abbreviations
α  alpha
β  beta
BP  blood pressure
MSA  multiple system atrophy
OH  orthostatic hypotension
PAF  pure autonomic failure
PoTS  Postural Tachycardia Syndrome

Introduction

The conventional classification of PoTS in sub-
types (hyperadrenergic, neuropathic and volume 
dysregulation) is based on clinical evaluation 
and review of symptoms but, as they are the 
final common pathway resulting from a number 
of different pathophysiologic mechanisms [1], 
they can overlap in the same patient, making 
pharmacological treatment complex.

This chapter will focus on the use of 
Clonidine, a central sympatholytic, to improve 
BP control and alleviate symptoms in particular 
in 3 groups of patients:

• hyperadrenergic PoTS with increased BP
• patients with supine hypertension
• patients with severe neurogenic orthostatic 

hypotension (OH).

Clonidine: Mechanism of Action 
and Pharmacokinetics

Clonidine (2-((2,6-dichlorophenyl) amino)-2- 
imidazoline hydrochloride) is an Imidazoline deriv-
ative that acts as a central α-2 adrenergic agonist.

Anatomically, its site of action is the rostral 
ventrolateral medulla in the brainstem, whose 
afferents regulate vasomotor and chronotropic 
targets. Clonidine terminates the presynaptic 
release of norepinephrine and inhibits the sym-
pathetic outflow. It can also reduce serum cat-
echolamine levels [2]. Moreover, it increases the 
parasympathetic outflow from the medulla by 
preventing the action of cardio-inhibitory vagal 
neurons in the nucleus ambiguus.

Besides its central action it can act directly 
on peripheral pre-synaptic α-2 adrenergic recep-
tors in the heart and vessels, thus preventing 
release of norepinephrine and local smooth ves-
sel β-adrenergic activation.
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especially in the early phases of treatment as the 
drug is sequestered in the stratum corneum.

Adverse Effects

As a central acting sympatholytic Clonidine 
also acts as a central nervous system depres-
sant, causing or worsening fatigue, brain fog 
and drowsiness. It can also cause postural hypo-
tension, sodium and water retention, and dry 
mouth. The spectrum of side effects makes the 
use of Clonidine in PoTS patients particularly 
challenging as they can overlap with symptoms 
associated to the syndrome including brain fog, 
fatigue, worsening of postural BP drop and of 
orthostatic intolerance. It is however possible to 
minimise this by starting with small doses and 
using a long-acting transdermal formulation.

Clonidine can act as a depressor of sinus 
and atrioventricular nodes and cause significant 
bradycardia, especially in patients with chronic 
kidney disease and sick sinus syndrome.

Sudden discontinuation of Clonidine, particu-
larly when used at high doses and in association 
with β-blockers, can cause sympathetic surge 
with rebound hypertension. This is less common 
for the transdermal formulation, likely due to 
residual drug accumulation in the skin.

Besides these side effects secondary to its 
mechanism of action, it is important to recognise 
that transdermal Clonidine can cause additional 
skin reactions such as erythema, changes in skin 
color with hyperpigmentation or depigmenta-
tion, vesicular rash, excoriation, which may 
require treatment with corticosteroid creams.

Indication in PoTS/Dysautonomia

There are no randomized clinical trials on 
the use of Clonidine in PoTS, therefore most 
of the literature and also guidelines includ-
ing the Heart Rhythm association Consensus 
on PoTS, Inappropriate Sinus Tachycardia and 
Vasovagal Syncope, mention the use of sym-
patholytic agents as supported by a class IIb 
Recommendation (level of Evidence E) [4].

Altogether, treatment with Clonidine medi-
ates increased vasodilation, reduced cardiac out-
put and heart rate and reduced blood pressure.

As a centrally acting agent, Clonidine 
does not cause tolerance or reflex tachycar-
dia. It is especially useful as fourth or fifth 
line antihypertensive drug, in patients with 
labile hypertension, significant BP variabil-
ity and with a relevant component of anxiety. 
Oral Clonidine, at small doses, may be used in 
patients with symptomatic BP surges thanks to 
its  short-lasting action. Other therapeutic indi-
cations include pain management, attention-
deficit/hyperactivity disorder, and symptomatic 
treatment of opioid withdrawal, as adjuvant to 
induce sedation or for epidural analgesia.

Pharmacokinetics

Clonidine’s pharmacokinetics differs according 
to the formulation prescribed.

For oral tablets the bioavailability varies 
between 75 and 100%. Peak plasma concentra-
tion is achieved in about 2 hours, with the maxi-
mal blood pressure reduction achieved between 
3 and 8 hours. Clonidine is 20–40% protein 
bound in plasma. More than half of Clonidine is 
excreted unmodified in the urine and its half-life 
is between 6 and 24 hours.

The Clonidine transdermal adhesive system 
is a 0.2 mm thick patch composed of a drug res-
ervoir, a membrane that controls delivery rate, 
and a pliable backing. Clonidine is released at 
a constant rate, with “zero-order” kinetics simi-
lar to continuous infusion. Clonidine patch for-
mulations come in doses of 2.5, 5, and 7.5 mg 
contained in a timed matrix delivery system and 
deliver 0.1, 0.2, or 0.3 mg/day of Clonidine for 
7 days, respectively. The elimination half-life 
while the patch is adherent varies from 26 to 
55 hours.

Clonidine patches should be applied prefer-
ably on the chest or upper arms as these sites 
correspond to the higher average Clonidine con-
centration [3]. The amount released depends 
mainly on the contact surface area of the patch, 
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We describe potential uses of Clonidine in 
the following settings.

Hyperadrenergic PoTS

The spectrum of symptoms of hyperadrenergic 
PoTS (palpitations, tachycardia, anxiety, ortho-
static hypertension with BP raise ≥10 mmHg) 
and the finding of plasma norepinephrine lev-
els ≥600 pmol/L after standing are suggestive 
of marked sympathetic activation, therefore the 
reduction in sympathetic outflow by Clonidine 
may be beneficial.

A study on a small group of patients with 
hyperadrenergic postural intolerance found that 
Clonidine improved symptoms and haemody-
namic. As expected, it lowered blood pressure, 
heart rate, cardiac input but also raised periph-
eral vascular resistance and plasma norepineph-
rine levels on standing and improved plasma 
volume [5].

In our practice we would recommend to start 
with a small oral dose, and increase it up to 0.1–
0.2 mg two to three times daily, or switch to a 
transdermal formulation if tolerated and when 
prolonged action is required or when patients 
are unable to tolerate oral administration.

Neuropathic PoTS—Peripheral 
Adrenergic Failure: Control of Supine 
Hypertension

Patients with neuropathic PoTS or with auto-
nomic failure may present with supine hyperten-
sion, increased sympathetic activity being the 
shared pathophysiologic mechanism in these 
two types of orthostatic intolerances.

Nocturnal hypertension is associated with 
increased cardiovascular risk and target organ 
damage and requires treatment, which represents 
a challenge as these patients present with pos-
tural intolerance and, in case of autonomic fail-
ure, postural hypotension.

Shibao et al. tested Clonidine as an overnight 
medication in 23 patients with autonomic failure 
(either with MSA or with PAF) and observed 
significant reduction of supine BP and reduction 
in nocturnal natriuresis compared to placebo [6]. 
The BP effect was observed in both subgroups 
although the mechanism underlying supine 
hypertension is believed to be  different-residual 
sympathetic tone unrestrained by the lack of 
baroreflex buffering in MSA and damage to 
postganglionic sympathetic neurons in PAF.

Treatment of Severe Hypotension 
in PoTS: Use as a Pressor Agent

While Clonidine lowers blood pressure in 
patients with essential hypertension, it can 
“paradoxically” raise blood pressure in patients 
with autonomic failure or PoTS, by acting as 
an agonist of peripheral post-junctional α2- 
and α1-adrenergic receptors in the venous bed. 
This novel use for clonidine was described 
by Robertson et al. who analyzed the pressor 
response of patients with idiopathic orthostatic 
hypotension to oral Clonidine and found that BP 
was significantly raised for several hours with 
durable improvement of symptoms [7].
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Other Medications: 
Desmopressin, 
Pyridostigmine, 
Erythropoietin and SSRIs

Mehran Asgari and Melvin D. Lobo

A review of the literature identifies differences 
in the definition for POTS and wide variations in 
treatment and outcomes. This syndrome appears 
to describe a group of conditions with differing 
pathophysiology, which requires treatment tai-
lored to the true underlying disorder. Most of 
these treatments are covered in other chapters on 
pharmacological approaches in this text book; 
however patients with PoTS may continue to be 
symptomatic despite being treated with a combi-
nation of volume expander (fludrocortisone) and 
vasoconstrictor (midodrine). Here consideration 
is limited to four additional classes of therapy 
which may be of benefit when conventional 
approaches have failed:

• anti-diuretic treatment (Desmopressin)
• acetylcholinesterase inhibition 

(pryidostigmine)

• Colony stimulating factors (erythropoietin)
• Selective serotonin reuptake inhibitors 

(SSRI).

Desmopressin

Desmopressin acetate (DDAVP) is a synthetic 
version of arginine vasopressin, a natural anti-
diuretic hormone (ADH), which binds to V2 
receptors in the collecting duct of the kidney and 
results in translocation of aquaporin channels to 
the distal nephron and increased reasbsorption 
of free water from the urine [1]. Desmopressin 
has specific attributes that make it theoretically 
attractive as a volume expander as it displays 
enhanced antidiuretic potency and a prolonged 
half-life and duration of action compared to 
endogenous ADH. However due to selective 
targeting of the V2 receptor, it is not thought to 
have much in the way of pressor activity.

Desmopressin might promote acute blood 
volume expansion and reduce upright tachycar-
dia and therefore be of benefit in patients with 
PoTS. Whilst there is limited data to support 
use of desmopressin in patients with orthostatic 
hypotension, few studies have addressed its 
potential utility in PoTS [2]. In a ‘proof of con-
cept’ crossover study of 30 adults with PoTS, 
a single dose of oral DDAVP (0.2 mg) sig-
nificantly attenuated tachycardia and improved 
symptoms compared to placebo [3].
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retrospective analysis of a large single cen-
tre experience with pyridostigmine in PoTS 
reported that most patients tolerated the drug 
with careful dose titration and this was accom-
panied by improvement in symptoms of fatigue, 
palpitations, presyncope and syncope in about 
50% of the patients [7]. Moreover symptom 
reduction correlated with clinically significant 
reduction in orthostatic heart rate and increase 
in diastolic BP compared to baseline. Longer 
term prospective studies evaluating the effects 
of pyridostigmine in PoTS with continued daily 
adminstration are lacking.

Erythropoietin (EPO)

Erythropoietin (EPO) is a growth factor pro-
duced by the kidneys that stimulates the produc-
tion of red blood cells by promoting the division 
and differentiation of committed erythroid pro-
genitors in the bone marrow [8]. It is usually 
reserved for the treatment of anaemia associated 
with conditions such as chronic kidney disease, 
or drug therapy such as chemotherapy/antiret-
roviral therapy. Synthetic forms of EPO contain 
the identical amino acid sequence of isolated 
natural erythropoietin and have the same bio-
logical activity as endogenous erythropoietin 
and are high cost clinical therapies. EPO therapy 
requires the subcutaneous route of administra-
tion: one of the most common complaints is pain 
at the site of injection. EPO therapy increases 
the risk of myocardial infarction, stroke and 
venous thromboembolism and has been asso-
ciated with increased mortality in certain 
populations [9]. Safety monitoring requires hae-
moglobin and haematocrit levels to be closely 
monitored every 3–4 weeks with the haematocrit 
level kept below 50%.

Limited data indicate there is a role for use 
of EPO in treatment of orthostatic hypoten-
sion [10]. However only two studies to date 
have assessed the use of EPO in PoTS, one of 
which demonstrated improvement in ortho-
static symptoms in 3 out of 8 patients [11]. In 
a retrospective single centre analysis, Kanjwal 
et al.demonstrated improvement in orthostatic 

Potential side effects include hyponatrae-
mia, oedema and headache. Desmopressin 
acetate can be given at a dose of 0.1–0.2 mg 
at night on a daily basis and serum electro-
lyte levels (especially sodium) must be moni-
tored routinely during therapy. This is all the 
more important for patients with PoTS who 
are already encouraged to maintain high fluid 
intake which might increase the risk of devel-
oping hyponatremia [4].

Pyridostigmine Bromide

Pyridostigmine bromide is a small molecule 
reversible acetylcholinesterase inhibitor that 
enhances the effect of acetylcholine by inhib-
iting its breakdown in the synaptic cleft and 
thereby increasing bioavailability of acetyl-
choline for interaction with both nicotinic and 
muscarinic receptors [5]. This would theo-
retically improve sympathetic nervous system 
signaling and peripheral vascular resistance 
(nicotinic effects) as well as suppressing heart 
rate (muscarinic effects) which could be ben-
eficial in PoTS as well as other conditions caus-
ing orthostatic hypotension. Pyridostigmine is a 
quaternary amine, poorly absorbed from the gas-
trointestinal tract and does not cross the blood–
brain barrier. A starting dose of 30 mg twice 
daily can be up-titrated to a maximum of 90 mg 
three times daily (or 180 mg daily of the long 
acting formulation) depending on efficacy/toler-
ability. Commonly reported side effects include 
increased colonic motility (diarrhoea), abdomi-
nal cramps, nausea, muscle twitching and head-
aches. Pryidostigmine can also cause shortness 
of breath necessitating caution when prescribing 
in patients who have coexistent asthma.

Limited data from four single dose tri-
als have demonstrated modest haemodynamic 
improvements with pyridostigmine when used 
for neurogenic orthostatic hypotension [5]. 
Using a randomized crossover design, Raj et al. 
have demonstrated that a single dose of 30 mg 
pyridostimine significantly attenuated tachy-
cardia in patients with PoTS along with a con-
comitant decrease in symptom burden [6]. A 
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symptoms in 27 out of 39 patients with PoTS 
refractory to all other therapies. Of note EPO 
improved seated diastolic BP without any effect 
on other haemodynamic parameters [12].

Based upon current data which is insuf-
ficient and its high cost, use of EPO should be 
restricted to only the most severe and refractory 
cases of PoTS. It is recommended to obtain full 
blood count, total iron binding capacity, serum 
iron and ferritin levels before EPO therapy. 
Hematocrit (HCT) levels must be monitored 
monthly and should remain less than 50%.

Selective Serotonin Reuptake 
Inhibitors (SSRI)

SSRI therapy has been found to be helpful in the 
prevention of neurocardiogenic syncope [13]. 
Some experts continue to recommend the use of 
these drugs to improve cardiovascular symptoms 
in PoTS despite scanty supporting evidence 
[15]. In a study of 39 patients with PoTS, ser-
traline was found to have only modest pressor 
effects which were not associated with heart rate 
reduction or improvement in symptoms [16]. 
Similarly use of serotonin-norepineprhine reup-
take inhibitors (SNRI) should be viewed with 
caution in this population as no published data 
supports their use and a single centre study of 
the norepineprhine reuptake transporter inhibi-
tor atomexitine in 27 patients with PoTS dem-
onstrated an acute increase in standing heart rate 
and symptom burden with no reported benefits 
[17].

On the basis of the data to date, it may be 
reasonable to attempt a trial of SSRI therapy 
for psychological manifestations of PoTS rather 
than as an approach to managing neurocardio-
genic symptoms [18].
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Assessing Benefit in PoTS

Nicholas Gall

As has been detailed in a number of the other 
chapters in this text, we remain uncertain as 
to the detailed pathophysiology that produces 
PoTS and indeed it is likely that multiple patho-
physiologies will contribute to the symptoms 
in each individual patient, not only in the car-
diovascular autonomic system but also in other 
areas. The effects of any therapeutic approach in 
other territories will be assessed by the individ-
ual treating physician and may involve validated 
assessments, for instance headache question-
naires. We recognise PoTS on the basis of a 
significant heart rate rise on standing although, 
as is detailed elsewhere, this was an arbitrary 
definition based on a limited understanding of 
the pathophysiology and certainly there is no 
single haemodynamic measure which can pro-
vide an entire understanding of whether a par-
ticular therapy has provided benefit. While we 
do recognise that an inappropriate tachycardia 
is present in most patients and indeed it may 
be present much of the time to varying degrees, 
there are patients who have a normal heart rate 
at rest and it increases significantly on activ-
ity. Therefore, while it is entirely acceptable to 
assess the effects of interventions to slow heart 
rate on the basis of a standing heart rate or a 

daytime or average heart rate on Holter monitor-
ing, there is no doubt that patient’s symptoms 
might not improve concurrent with this heart 
rate fall. If this were a pure heart rate issue, 
then medications such as beta blockade and 
ivabradine would provide a perfect therapeutic 
approach which experience suggests that they 
do not. In addition, more interventional thera-
pies such as sinus node ablation would also pro-
vide such benefit and in general that approach is 
not felt to be indicated in many patients [1]. In 
general, therefore, we rely on patient-reported 
symptomatic improvement to define whether 
the patient improves, over and above changes 
in haemodynamic measures. It may well be 
that assessing the haemodynamic effects on a 
stand/tilt test, looking for the magnitude of heart 
rate increase and the variability in blood pres-
sure oscillation may provide some assessment 
however that is not a validated approach and 
as patient’s symptoms are often complex and 
multi-systemic, aiming for improvement in one 
particular haemodynamic variable is unlikely 
to provide an improvement in patient’s overall 
functioning.

As has been detailed elsewhere [2], the pla-
cebo effect can be very important in any therapy 
and indeed many therapies may rely on the pla-
cebo effect to a significant degree and that will 
clearly affect PoTS patients. As there are no 
randomised controlled trials of medication use 
in the long-term, defining how important the 
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originally intended patient cohort, in patients 
with autonomic failure and neuropathy. They 
detail that the compass 31 questionnaire assesses 
autonomic symptoms in a number of different 
territories including effects on pupils, bladder, 
gastrointestinal symptoms, sweating, orthostatic 
intolerance and blood vessel control. They noted 
more autonomic symptoms in PoTS patients 
than in controls. They also assessed autonomic 
physiology with standard autonomic function 
tests. After thorough statistical assessment, 
fatigue, orthostatic and pupillomotor symptoms 
specifically differentiated PoTS patients from 
controls. They note that much of the pupilomo-
tor domain relates to light sensitivity and there-
fore may reflect the migraine associations of 
PoTS. They note that the vasomotor symptoms 
did not differentiate which was perhaps surpris-
ing and also note that a number of PoTS symp-
toms, for instance flushing which is frequently 
described by PoTS patients were not assessed.

It is well recognised that PoTS patients 
have reduced quality of life and that has been 
assessed using the SF-36 questionnaire corre-
lated with autonomic symptoms [5]. 94 patients 
were assessed and were clearly shown to have 
significant impairments in a number of territo-
ries including pain, general health, social func-
tioning, vitality, role functioning and physical 
functioning. Symptom severity and disability 
status correlated with impaired quality of life 
although this was by no means the entire effect. 
It is recognised that quality-of-life measures in 
PoTS patients are often significantly impaired 
and equivalent to other chronic and significant 
conditions [6]. It is certainly possible that the 
use of this questionnaire may allow an under-
standing of benefit although it has not been used 
in such a manner to date.

Another study [7] undertaken in 624 PoTS 
patients with a smaller control group used vari-
ous validated questionnaires to assess quality of 
life, pain, sleep quality, fatigue and an assess-
ment of suicidal behaviour, noting significant 
impairments in quality-of-life, pain, sleep/
fatigue and increases in suicide risk. The use 
of such validated questionnaires therefore may 
provide insight into patient symptoms although 

placebo effect is remains difficult. Providing a 
caring and understanding approach to patients 
may well enhance this. It is important to recog-
nise that patient symptoms do wax and wane, 
varying during the day with many patients 
describing symptoms to be worse in the morn-
ings and better in the evenings which has been 
validated in haemodynamic terms [3]. Nwazue 
and colleagues investigated the placebo effect 
in PoTS patients by performing a prospective, 
randomised crossover trial where PoTS patients 
either received open-label no treatment, that is 
a medication which they knew would provide 
no benefit and a blinded placebo. They assessed 
subsequently the standing heart rate after each 
intervention at two hours and four hours and 
noted that there was no difference between 
either intervention although there was a decrease 
over time. This reiterated the impression that 
the heart rate increase is often more significant 
in the earlier part of the day but also suggests 
that PoTS patients are no more susceptible to a 
placebo effect than others. They note that up to 
35% of patients may respond to placebo in clini-
cal trials.

It is also recognised by clinicians in the 
field that patients often will describe worsen-
ing of their symptoms with the menstrual cycle, 
patients will often note a significant deteriora-
tion with intercurrent illness and certainly in hot 
weather, symptoms can at times significantly 
deteriorate. Many patients will also note deterio-
ration if they push themselves too hard in some 
way. In that regard therefore an assessment of 
symptoms while important, does need to take 
into account this natural variability prior to tak-
ing the decision to change or escalate therapy.

There are no validated symptom question-
naires in PoTS however the Compass 31 ques-
tionnaire, which is used to assess autonomic 
symptoms in those with more significant auto-
nomic dysfunction, has been used [4]. Rea and 
colleagues used the Compass 31 autonomic 
symptoms assessment in PoTS patients and 
compared the results to other validated ques-
tionnaires assessing fatigue and affective symp-
toms. They assessed 32 patients with PoTS, 
32 healthy controls and compared its use in its 
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again they have not been used prospectively to 
assess therapeutic benefit. They may however be 
used in individual practices on a serial basis to 
provide a more objective assessment.

While a reliance on symptomatic improve-
ment can define whether a patient is improving 
and whether a particular therapeutic approach 
has provided benefit, there are other methods 
which can be used to assess how effective an 
individual therapy has been. As detailed else-
where, increased fluid and salt intake is usually 
of great benefit in PoTS patients and at times 
it is worthwhile trying to validate how well a 
patient may be hydrated. Guidelines suggest 
increasing salt intake to 10 to 12 g of salt on a 
daily basis [1] however in many cases it can be 
difficult to define whether a patient is achieving 
the required amount. An earlier study in vasova-
gal patients [8] suggested that aiming to increase 
salt intake, as reflected by a 24 h urinary sodium 
excretion of more than 170 mmol, seems to pro-
vide benefit and that has been further assessed 
in PoTS patients [9] and could therefore be 
used to define that the sodium intake is suffi-
cient. Aiming to see perhaps 2.5 to 3 L of uri-
nary excretion in that 24 h period is arbitrary but 
clearly smaller volumes will reflect inadequate 
hydration.

Zhang and colleagues [9] used the 170 mmol 
per 24 h cut off to assess PoTS patients, focus-
ing on 30 children, 20 female, with a mean age 
of 11 who fulfilled criteria for PoTS although 
their criteria were somewhat different to that 
in the guidelines. They assessed 24 h urinary 
sodium excretion and found that PoTS patients 
had lower excretion than a matched control 
group and after salt supplementation there was a 
significant improvement in salt excretion which 
predicted symptom improvement. They noted 
that baseline sodium excretion predicted the 
likelihood of benefit with those with an excre-
tion above 124 mmol per 24 h less likely to 
benefit.

Exercise has clearly been shown to pro-
vide therapeutic benefit in PoTS [10]; the 
degree of conditioning can be assessed using 

the cardiopulmonary exercise test through the 
VO2max assessment. This can therefore define 
how much benefit may be expected, to some 
extent, by further exercise.

A number of biomarkers have been pro-
posed as assessments in PoTS [11] includ-
ing flow mediated vasodilatation, plasma 
 pro-adrenomedullin and erythrocytic hydro-
gen sulphide although these have often been 
assessed in very small trials. Other small studies 
have suggested that limited increase in systolic 
or diastolic pressure or increases in heart rate 
on standing may predict benefit from midodrine 
or metoprolol respectively. Although there are 
theoretical reasons why they may provide an 
assessment, they are usually experimental, not 
commonly available and certainly not validated 
in large populations.

In conclusion, therefore, while there are 
methods to assess certain aspects of the thera-
peutic approach, for instance the degree of 
hydration or the level of fitness and other symp-
tomatic questionnaire-based assessments or 
biomarkers have been studied, there are no 
formalised assessments currently available, 
although these are clearly urgently needed.
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Clinical Aspects 
of Paediatric PoTS

Philip R. Fischer, Lesley Kavi and William Whitehouse

Postural Tachycardia Syndrome or Postural 
Orthostatic Tachycardia Syndrome (PoTS) 
is similar physiologically in adolescents and 
adults. Nonetheless, the clinical presentations, 
diagnostic criteria [1], and, potentially, the treat-
ment and prognosis vary by age.

Clinical Presentation of PoTS 
in Adolescents

The incidence of adolescent PoTS is unknown. 
There are data, however, about the incidence of 
chronic fatigue, and chronic fatigue is linked to 
autonomic dysfunction[2]. Approximately 31% 
of US early adolescent girls struggle with morn-
ing fatigue at least twice weekly [3]. In Holland, 
21% of adolescent girls and 7% of adolescent 
boys have had significant fatigue for at least 
three months [4]. A community study in the UK 
suggested that 1.1% of adolescents have chronic 
disabling fatigue [5]. Thus, it could well be that 
at least 1% of adolescents have autonomic dys-
function, including postural orthostatic tachycar-
dia syndrome. Clearly, there are more than the 
number of PoTS patients who have orthostatic 

intolerance to some degree since more than 25% 
of adolescents sometimes feel dizzy when they 
assume an upright posture [6].

Typically, PoTS presents during early ado-
lescence, around the start of a growth spurt and, 
for girls, within a year of menarche [7–9] It is 
extremely rare for PoTS to present much before 
the onset of pubertal changes. Some older ado-
lescents and young adults, however, report PoTS 
symptoms beginning separate from the time of 
pubertal hormone changes. About two-thirds of 
adolescents with PoTS are females.

It seems likely that anyone can develop 
PoTS, but there are clear predisposing factors 
in addition to potential influences of pubertal 
hormone changes [7]. PoTS is less common in 
blacks than in whites and Asians and is found 
in about 15% of first degree relatives of PoTS 
patients, indicating a probable genetic predispo-
sition. Over half of people affected with PoTS 
have a significant degree of hypermobility, again 
suggesting either a genetic or, perhaps, a struc-
tural physical predisposing factor. Anecdotally, 
many patients are high achievers, hinting at a 
possible biochemical predisposition, however, 
the observation could just be due to ascertain-
ment bias: high achievers in high achieving 
families getting access to the medical teams 
who can make the diagnosis. The actual onset of 
symptoms often follows a period of physical ill-
ness, such as mononucleosis or an injury, such 
as a concussion. Some people have suggested 
that immunisation, such as for human papilloma 
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Box 1 Example of an Active Standing 
Test (AST)

Resting supine 5 minutes BP HR

Stand up (≤ 1 min) BP HR

Standing up for 3 minutes BP HR

Standing up for 10 minutes BP HR

Use a common place automated sphyg-
momanometer that can simultaneously 
record BP and HR non-invasively from 
the brachial artery. Use largest cuff that 
comfortably fits around the upper arm. If 
BP or HR are high at baseline after 5 min 
supine, ask them to relax and repeat base-
line in a few minutes.

In adolescents with orthostatic intoler-
ance a rise in HR of ≥ 40 bpm without OH 
at the time, and with typical symptoms 
(chronic fatigue, orthostatic intolerance 
etc.), confirms the diagnosis of PoTS.

Orthostatic Hypotension (OH) is 
a drop in BP systolic ≥ 20 mmHg, 
or BP diastolic ≥ 10 mmHg, or BP 
systolic < 90 mmHg.

Box 2 Example of a Head-Up Tilt Test 
(HUTT) for PoTS

Resting supine 5 minutes BP HR

Resting supine 10 minutes BP HR

60° Head-Up Tilt (≤ 1 min) BP HR

60° Head-Up Tilt 3 minutes BP HR

60° Head-Up Tilt 10 minutes BP HR

Use an automated tilt table.
Use continuous beat-to-beat finger BP 

and HR recording, in addition to a com-
mon place automated sphygmomanometer 
on the opposite arm to record brachial BP 
and HR at these specific times.

Can be combined with continu-
ous video-EEG, respiratory bands, and 
 end-tidal CO2 recording.

virus, can trigger PoTS, but that impression 
lacks support of controlled epidemiological 
studies and could be due to recall bias [10].

Symptoms of PoTS are similar in adoles-
cents and adults. Fatigue and postural dizzi-
ness are nearly uniform. Pain is also common, 
usually headache and or abdominal discom-
fort but also sometimes extremity or back pain. 
Cloudy thinking and a sense of forgetfulness 
are common. Heat and cold intolerance are also 
common.

Diagnostic Criteria

The key physical finding of PoTS is postural 
tachycardia. Other associated findings can 
include abnormally large pupils and, when 
upright, facial pallor and mottled dusky distal 
extremities.

The diagnosis of adolescent PoTS is based 
on typical symptoms (chronic fatigue and 
orthostatic intolerance) along with an excessive 
postural tachycardia in the absence of another 
obvious cause of those findings (such as severe 
anxiety with a panic attack during postural chal-
lenge) [9]. Based on data from active standing 
tests (ASTs) and head-up tilt tests (HUTTs), a 
postural tachycardia rise of more than 40 beats 
per minute is considered “excessive” in adoles-
cents [6, 11]. Standardised HUTTs may be more 
reliable than ASTs (due to muscle use facilitat-
ing blood flow during standing), but there is a 
loose correlation between results [p = 0.04 in 
one study [12]]. In the UK, there is currently no 
agreed consensus on whether ASTs or HUTTs 
are more sensitive in adolescents. In a recent 
unpublished survey of 61 patients under the age 
of 18 by the national charity, PoTS UK, 62% of 
patients reported receiving their diagnosis fol-
lowing a HUTT. There are a variety of protocols 
for ASTs and HUTTs in current practice (Box 1, 
Box 2). ASTs and HUTTs require neither medi-
cation nor venous access, however, beat-to-beat 
Blood Pressure (BP) and Heart Rate (HR) are 
essential for HUTTs.
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In adolescents with orthostatic intoler-
ance a rise in HR of ≥ 40 bpm without OH 
at the time, and with typical symptoms 
(chronic fatigue, orthostatic intolerance 
etc.), confirms the diagnosis of PoTS.

A longer HUTT (up to 50 min) may be 
required if investigating Transient Loss of 
Consciousness, e.g. syncope.

Orthostatic Hypotension (OH) is 
a drop in BP systolic ≥ 20 mmHg, 
or BP diastolic ≥ 10 mmHg, or BP 
systolic < 90 mmHg.

Orthostatic hypotension (OH) and PoTS are 
both on the spectrum of autonomic dysfunction 
and sometimes overlap, e.g. in the same person 
on different occasions. Vasovagal syncope, with 
orthostatic hypotension (a systolic blood pres-
sure drop of more than 20 mm Hg or a drop in 
diastolic pressure of more than 10 mmHg with 
postural challenge), is a common cause of faint-
ing in adolescents. Patients who have hypoten-
sion prior to manifesting tachycardia during tilt 
likely have orthostatic hypotension rather than 
PoTS. Typically, PoTS patients are chronically 
tired and only rarely faint while patients with 
vasovagal syncope are not bothered by daily 
fatigue and “just” faint.

Treatment of PoTS in Adolescents

The treatment of adolescents with PoTS has 
been incompletely studied. In fact, there are very 
few comparative studies of various treatments in 
either adults or adolescents with PoTS [13, 14]. 
For now, management decisions are often based 
on personal experience of the treating physician 
and extrapolated adult data and expert reviews 
[15]. It is hoped that this current publication can 
serve as a sort of “expert consensus” to guide 
management.

1. Non-Pharmacological Measures (see also 
Sect. 5, Chapters 27 & 28)

 Non-pharmacologic measures are essential 
in managing adolescents with PoTS [7, 9] 
First, steps should be taken to increase the 
circulating blood volume. Fluid intake should 
be very generous; it is often suggested that 
adolescents should drink so much water that 
their urine appears clear like water, apart 
from an early morning urine which can be 
pale yellow. Salt intake should be increased 
since intravascular salt helps “hold on” to the 
fluid; if affirmation of adequate salt intake 
is needed, the daily output of sodium (in a 
24 h urine collection) should be more than 
170 mmol. In the UK, Slow sodium is avail-
able and is an easy way to add salt without 
disrupting the family’s healthy low salt diet. 
For a teenager or young adult, a reasonable 
starting dose is 50 mmol of sodium (3 g of 
salt) twice a day increasing to 100 mmol 
of sodium (6 g salt) twice a day. For small 
or younger patients start at a lower dose 
of 2 mmol sodium/kg/day (0.12 g/kg/day 
salt) in 2 divided doses.

 Manoeuvers to temporarily increase BP can 
help with acute orthostatic symptoms, e.g. 
drinking a large glass of water before try-
ing to get out of bed in the morning [16] 
Compression stockings can also help return 
otherwise pooled vascular volume to the 
circulation.

 Second, exercise is vitally important. Gentle 
morning exercises involving the contraction 
of large muscle groups can get blood flow-
ing. Aerobic exercise is important to improve 
vascular tone and to correct any concurrent 
deconditioning. Patients should exercise daily, 
starting with a duration of aerobic exercise 
that does not lead to excessive  post-exertional 
fatigue and then building the duration by a few 
minutes every week until reaching the target 
of 30 min of daily aerobic exercise. However, 
some patients will not be able to maintain their 



250 P. R. Fischer et al.

bothersome side effects such as a tingling sensa-
tion in the scalp.

Selective serotonin reuptake inhibitors 
(SSRIs) can have a helpful adjunctive effect, 
presumably by increasing serotonin-mediated 
vascular and intestinal flow.

Ivabradine is a selective channel inhibitor 
which slows the sinoatrial (SA) node, the natu-
ral cardiac pacemaker. It shows some promise 
in adults [19] and in a UK review of 13 PoTS 
patients under the age of 18 treated with ivabra-
dine, 63% reported improvement of symptoms. 
In these patients, mean Ivabradine dose after up 
titration was 0.1 mg/kg per dose [20].

Other medications have been used in small 
numbers of patients without proven efficacy. 
These include stimulants such as methylphe-
nidate and amphetamines to decrease mental 
clouding, modafanil to facilitate wakefulness, 
and even erythropoietin to build blood volume.

Of course, concurrent comorbidities [21] 
should be managed while treating patients with 
PoTS. Nearly half of adolescents with PoTS are 
iron deficient with a low ferritin level (<20 ng/
mL), even without anemia; iron supplementation 
is helpful [22, 23]. In some areas, many PoTS 
patients are vitamin D deficient [22]. Vitamin D 
deficiency has also been associated with chronic 
pain [24].

Anxiety and depression occur in a third or 
more of PoTS patients; SSRI treatment can 
often help these comorbidities while also help-
ing the symptoms of PoTS. Gastrointestinal 
dysmotility is often part of PoTS but could be 
treated with motility agents such as erythro-
mycin, metoclopramide, or, rarely, octreotide. 
Chronic pain in PoTS patients should not be 
treated with opiates but can respond to gabapen-
tin (gradually escalating doses, as needed, up to 
1200 mg three times daily), pregabalin, and ami-
triptyline. Hypermobility spectrum disorder and 
hypermobile Ehlers Danlos syndrome (hEDS) 
are fairly common in patients with PoTS, and 
require recognition and advice. The diagnos-
tic criteria for EDS and hypermobility have 
recently been revised. (see https://ehlers-danlos.

previous levels of activity even though they 
should still get daily aerobic exercise.

 Third, cognitive behavioral therapy is effec-
tive in reducing symptoms of PoTS and in 
facilitating functional restoration. Intensive 
programs can lead to quick improvement in 
tolerance of normal daily activities in PoTS 
patients who had been debilitated [17].

 Regular school attendance should be facili-
tated wherever possible to maintain academic 
activity, peer interaction, and to prevent 
social isolation.

2. Drug therapy of PoTS in adolescents (see 
also Chapters 27–35)

Medications do not cure PoTS, but they can help 
improve blood flow and functional ability while 
non-pharmacologic measures are being insti-
tuted [7, 8] Beta blockers (such as metoprolol 
tartrate, 25 mg orally first thing in the morning 
and then again mid-day) are commonly used 
with good effect. While low-dose propranolol 
has proven effective in adults [18], there is anec-
dotal evidence that some adolescents feel more 
fatigued on propranolol. Various beta blockers 
have different receptor specificity and varying 
ability to cross the blood–brain barrier; thus, 
when one beta blocker is incompletely effective, 
another may be tried.

Fludrocortisone, a selective mineralocorti-
coid, starting with 50 mcg daily and increasing 
to 0.1 mg twice daily according to response, is 
sometimes used for its ability to foster fluid and 
salt retention. However, there are no clear data 
demonstrating that this is more effective than 
generous oral fluid and salt intake, which should 
accompany its use.

Midodrine, an alpha-adrenergic receptor ago-
nist, can improve peripheral vascular tone and 
increase peripheral vascular resistance, venous 
return and cardiac output. It may be used three 
times daily with the final dose at least three to 
four hours before lying down at night (to pre-
vent supine headaches due to increased blood 
flow, and supine hypertension); starting at a low 
dose (2.5 mg) and increasing incrementally to 
as much as 10 mg can help avoid some of the 
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Pregnancy and Postural 
Tachycardia Syndrome

Daniel Borlase and Cathy Nelson-Piercy

The exact incidence and prevalence of Postural 
Tachycardia Syndrome (PoTS) is unclear, 
probably owing to the nature of the disease’s 
heterogeneous manifestations and underdiag-
nosis. It affects women five times more than 
men and usually affects women of childbear-
ing age [1]. There are an ever increasing num-
ber of diagnoses being made as patients and 
clinicians alike become more informed about 
this  neuro-cardiovascular condition. It is there-
fore encountered with increasing frequency in 
pregnancy and those with an established diag-
nosis will often seek information specifically 
about their condition and pregnancy. While it is 
important not to underestimate the impact PoTS 
may have on the quality of life of its sufferers, 
it is important to reassure women that there is 
no evidence that PoTS is associated with life 
threatening sequelae for either the mother or her 
baby [2].

Cardiovascular Changes in Normal 
Pregnancy

Pregnancy is associated with significant 
changes in cardiovascular physiology. By eight 
weeks gestation cardiac output has already 
increased by approximately 20%. This rises 
further to a maximum of 40% to 50% above 
baseline by the beginning of the third trimester. 
The increase in cardiac output is a compensa-
tory mechanism for the significant reduction 
in systemic vascular resistance caused by the 
developing vascular placental bed and periph-
eral vasodilatation mediated by a combination 
of nitric oxide, oestrogens and prostaglandins 
[3]. The increase in cardiac output is largely 
due to an increase in stroke volume, although 
heart rate does contribute to a lesser degree. 
Resting heart rate in pregnancy is increased 
by an average of 10 to 15 beats per minute 
above the baseline and this should not change 
significantly with position [3]. Blood pres-
sure normally falls during the first and second 
trimesters owing to the changes in systemic 
vascular resistance and rises slowly back to 
baseline, or just exceeding baseline by the end 
of the third trimester. Blood pressure is more 
likely to be influenced by position and even 
women without PoTS often complain of ortho-
static symptoms, particularly in the second to 
third trimesters owing to caval compression 
from the gravid uterus [4].
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[4]. Approximately 40% can expect an exac-
erbation of their symptoms which appears to 
be most evident in the first trimester and has 
been associated with a concurrent diagnosis of 
hyperemesis gravidarum. A small case series of 
22 patients with PoTS had a 59% risk of devel-
oping severe nausea and emesis during the first 
trimester which is significantly greater than the 
background risk of 2% [6]. What is not clear 
is whether the reported exacerbations of PoTS 
in these cases are as a cause or consequence of 
this nausea and vomiting in the early stages of 
pregnancy. Powless et al. identified that women 
who did not require treatment for PoTS prior to 
pregnancy were the least likely to report exac-
erbations during pregnancy. Patients already on 
treatment were more likely to develop exacer-
bations and require an increase in pre-existing 
medications. The introduction of second or 
third agents to treat exacerbations was seldom 
required [7]. There has been no reported effect 
of parity on the frequency and severity of exac-
erbations of PoTS in pregnancy.

There is no evidence that pregnancy out-
comes are worse for mothers or their offspring 
as a direct consequence of PoTS. The rates 
of miscarriage and stillbirth are not increased 
above background risk and the same applies for 
the rates of spontaneous preterm birth and peri-
natal morbidity and mortality [2].

PoTS is not a contraindication for vagi-
nal delivery and caesarean section should be 
reserved for the usual obstetric indications [2]. 
There are a small number of published reports of 
elective caesarean sections being performed in 
patients with very severe symptoms to mitigate 
the risks of haemodynamic instability on cardio-
vascular physiology and placental blood flow in 
labour [1].

Contraception

There have been no studies that investigate the 
effect of different methods of contraception on 
PoTS. Therefore, methods can be recommended 
using the usual FSRH (Faculty of Sexual 
and Reproductive Healthcare) guidelines [8]. 

Labour is associated with further signifi-
cant physiological changes to cardiac func-
tion. Cardiac output increases by 15% in the 
first stage of labour and more than trebles up 
to 50% by the time full cervical dilatation is 
reached at the end of the first stage of labour 
[3]. Uterine contractions cause autotransfusion 
of up to 500 ml of blood from the uterus back 
into the central circulation. Along with the relief 
of pressure on the inferior vena cava follow-
ing delivery, autotransfusion increases a further 
500 ml to 1000 ml immediately after delivery. 
The vast volumes of blood re-entering the circu-
lation further increases cardiac output by up to 
80%, which then rapidly declines to near normal 
ranges within an hour postpartum [3].

Postural Tachycardia Syndrome 
in Pregnancy: The Effects on Mother 
and Her Baby

PoTS is five times more likely to affect women 
of childbearing age [4, 5]. Most newly diag-
nosed women are between the ages of 15 and 
40 years and it may present for the first time in 
pregnancy [2]. The condition may not be con-
sidered as a potential diagnosis in pregnancy 
as many of the presenting symptoms mimic 
those of pregnancy itself. Diagnosis may also 
be difficult as the objective parameters used for 
the diagnosis of the condition can be affected 
by the associated haemodynamic changes. 
Furthermore, tilt table testing is generally con-
traindicated in pregnancy although there are no 
definitive data to support its risks in pregnancy.

There is an increasing body of evidence sup-
porting the overall safety of PoTS in pregnancy 
for both the mother and her baby; however the 
changes in symptom severity throughout preg-
nancy are varied and somewhat unpredictable. 
A recent systematic review of the literature sug-
gests that 60% to 70% of women experience 
either an improvement or report stable symp-
toms throughout pregnancy [4]. Physiologically, 
pregnancy is associated with a 50% increase 
in plasma volume and this may in part be 
responsible for the observed improvement 
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However, migraine is common in PoTS and may 
limit the use of the combined contraceptive pill.

There is some evidence that women with 
PoTS experience exacerbations in their symp-
toms during menstruation [9]. It is possible that 
methods of contraception that induce amenor-
rhoea may improve symptoms. These include 
the progesterone only subdermal implant, leve-
nogestrol releasing intrauterine systems and pro-
gesterone only depot injection. The combined 
pill may be taken continuously every 63 days 
with a 7 day break between (tricycling) resulting 
in 4 periods per year and there is emerging evi-
dence that it can be taken continuously through-
out the year with no breaks (and therefore no 
menstruation), although this is an unlicensed use 
[8].

Pre-Pregnancy Management of PoTS

As with all chronic medical conditions, women 
contemplating a pregnancy should be encour-
aged to discuss their PoTS with the medi-
cal practitioners managing their condition to 
address any concerns that the disease may have 
on the outcomes of a pregnancy or vice versa. 
Women with PoTS should be reassured that 
the risk of adverse outcomes during pregnancy 
and at delivery is no greater than the general 
population.

A pre-pregnancy counselling appointment 
with a general practitioner, cardiologist or 
obstetric physician should identify the pheno-
type and severity of a patient’s symptoms, how 
they are managed and whether they are con-
trolled. A baseline recording of the heart rate 
and blood pressure should be taken in the supine 
and standing positions so that any symptom 
changes in pregnancy can be identified. It is pru-
dent to also identify any associated or concur-
rent medical problems, particularly those which 
often co-exist with PoTS and how these affect 
her quality of life. In the absence of other car-
diac risk factors, and providing the patient has 
been formally diagnosed, an echocardiogram 
and Holter monitoring is unlikely to yield any 

further information and would not be indicated 
at this stage.

Many women with PoTS require medica-
tion to achieve symptom relief and will natu-
rally be concerned about the effect this may 
also have on her developing fetus. Owing to a 
paucity of data on the effects of some medica-
tions in pregnancy, the fewest number of medi-
cations, at the lowest effective doses should be 
used to manage symptoms. The wide varieties 
of medications used in PoTS have very dif-
ferent mechanisms of action and therefore all 
have potentially different ways of affecting a 
pregnancy and the developing fetus. As with 
all women planning a pregnancy, folic acid at a 
dose of at least 400 µg should be recommended 
for at least 12 weeks prior to conception and 
for the first 12 weeks of pregnancy to reduce 
the risks of neural tube (spina bifida, anenceph-
aly) embryopathy.

Early Pregnancy Management of PoTS

Owing to the early changes in cardiac physiol-
ogy it is important that women with a diagno-
sis of PoTS are referred to an obstetrician on 
discovery of their pregnancy, especially if they 
have not been seen in the preconception period. 
A detailed assessment should follow that is 
described in the above pre-pregnancy section 
and a record made of any symptom deteriora-
tion. Patients with PoTS should be referred to 
an anaesthetist during the pregnancy to discuss 
plans for analgesia in labour and how regional 
anaesthesia may impact on symptoms should 
they arise in labour [10]. There is no indica-
tion for serial growth scans for the fetus in 
this condition unless the patient is taking high 
dose beta-blockers. The severity of a patient’s 
symptoms will guide the amount of support 
the woman needs and the number of medical 
reviews required during the pregnancy; however, 
pregnancy itself need not be managed any dif-
ferently to routine antenatal care. Continuity of 
midwifery care is very important in women with 
PoTS.
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on treatment options will likely be affected by 
patient choice and on the relative safety pro-
files of these medications in pregnancy. Table 
1 summaries the common medications used 
for the management of PoTS and their relative 
safety profiles in pregnancy. Pregnancy is asso-
ciated with increases in drug volume of distri-
bution owing to increases in both intravascular 
(plasma volume) and extravascular fluid con-
tent. Drug elimination is also augmented owing 
to increases in both hepatic and renal excretion. 
Dosages of some medication may therefore 
require upward titration to provide the same 
desired effects as in the non-pregnant patient.

Medications for PoTS in Pregnancy: The 
Rate Controllers

There have been no studies directly com-
paring the use of cardioselective and 
 non-cardioselective β-blockers for the treat-
ment of PoTS in pregnancy. Studies outside 
of pregnancy suggest that as well as reducing 
heart rate, non-selective blockade has the addi-
tional benefit of reducing peripheral vasodila-
tation and therefore propranolol is usually the 
β-blocker of choice [5]. Propranolol has been 
shown to reduce standing tachycardia with-
out causing orthostatic hypotension and is par-
ticularly advantageous for patients with the 
primary hyperadrenergic subtype of PoTS [5]. 
Propranolol has also been used in the preven-
tion of migraine in pregnancy, a condition which 
often coexists with PoTS and thus may have dual 
benefit in these cases. The majority of safety data 
surrounding β-blockade in pregnancy comes 
from studies investigating gestational hyperten-
sion. Labetalol is a  non-selective β-blocker with 
coexistent α–adrenoceptor blocking properties 
and is considered first line for treating hyper-
tension in pregnancy. Its use in PoTS however, 
is limited. There is no convincing evidence that 
β-blockers have any teratogenic effects; how-
ever there is evidence to suggest that they may 
cause a reduction in average birth weight by 200 
to 230 g, which is not clinically significant [12]. 
Beta blockers have also been associated with 

Conservative Management of PoTS 
in Pregnancy

Pregnancy should not affect the conservative 
measures used in the management of PoTS. 
For the majority of patients, these conservative 
measures alone are enough to improve symp-
toms. Women not requiring medication are less 
likely to experience exacerbations of symp-
toms in pregnancy [1, 5]. An increase in salt 
intake from 6 to 10 g per day and a total fluid 
intake of approximately 3 L per day increases 
circulating plasma volume and is associated 
with symptom improvement [5]. Care should 
be taken if hypertensive diseases such as preg-
nancy induced hypertension or pre-eclampsia 
develop, when fluid restriction is often required 
post partum. Improvement in physical fitness 
particularly with aerobic exercise, has been 
shown to improve symptoms of PoTS, and this 
should continue to be encouraged in pregnancy. 
Elasticated compression tights can also be used 
to improve the return of fluid from the periph-
eral to central circulation [4]. Caffeine intake 
should be limited as it causes diuresis which 
may deplete fluid volume and cause tachycardia 
[9]. As with all pregnant women the increasing 
size of the gravid uterus causes compression 
of the inferior vena cava in the supine position. 
Women should be encouraged to lie in the left 
lateral position whilst lying down if at all pos-
sible and avoid lying flat on their backs to mini-
mise the risk of aorta-caval compression.

Pharmacological Management 
of PoTS in Pregnancy

There are many ways in which drugs can 
improve the symptoms of orthostatic intoler-
ance associated with PoTS. Medication may 
aim to increase plasma volume, while others 
target vasoconstriction. Beta-blockers exhibit a 
negative chronotropic effect to control heart rate 
directly. Not all pharmacological options are 
efficacious and some are associated with intol-
erable side effects. Furthermore, the decisions 
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Table 1  The common medications used in the management of PoTS, their pharmacology, side effects and potential 
concerns on their use in pregnancy

Medication Mechanism of action FDA class Safety in  
pregnancy

Safety in  
breastfeeding Common side effects

Propranolol Beta-adrenoreceptor 
antagonist to Beta-1 
and Beta-2 adreno-
receptors causing:
Direct reduction in 
heart rate
Reduction in peripheral 
vasodilatation

C SAFE SAFE – Presyncope/Syn-
cope
– Bronchospasm/
dyspnoea (Avoid in 
asthma)
– Diarrhoea
– Fatigue

Midodrine Alpha-1-adrenoreceptor 
agonist causing:
– Arterial and venous 
vasoconstriction
– Reduction in periphe-
ral venous pooling
– Increases blood 
pressure in the upright 
position

C INSUFFICIENT 
DATA

INSUFFICIENT 
DATA

– Headache
– Urinary retention
– Supine hypertension
– Chills
– Piloerection

Fludrocortisone Aldosterone mimetic 
causing:
– Increased salt and 
water retention
– Increasing total 
plasma volume

C SAFE SAFE – Hypokalaemia
– Headache
– Hirsuitism
– oedema

Desmopressin 
(DDAVP)

Synthetic analogue of 
Antidiuretic Hormone 
(ADH) causing:
– Increased fluid 
reabsorption at the 
collecting ducts
– Increasing total 
plasma volume

B SAFE SAFE – Hyponatraemia
– Nausea
– Headaches
– Fluid retention

Pyridostigmine Acetylcholinesterase 
inhibitor causing:
– Increased concentra-
tion of acetylcholine at 
muscarinic receptors
– Augments parasym-
pathetic tone
– Reduction in heart rate

C SAFE SAFE – Significant GI upset
– Hypersalivation
– Nausea and Vomi-
ting

Ivabradine Reduction of con-
duction speed at the 
Sinoatrial node

X AVOID AVOID – Arrhythmias
– AV nodal block
– Presyncope/Syncope
– Headache

Somatostatin 
analogues
(E.g. Octreotide)

Inhibitors of Growth 
Hormone and Vasoac-
tive Intestinal Peptide 
causing:
– Systemic vaso-
constriction
– Reduction in heart 
rate

B PROBABLY 
SAFE

PROBABLY 
SAFE

– GI upset
– Presyncope
– Impaired glucose 
tolerance/diabetes 
mellitus
– Alopecia
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Desmopressin also acts as a volume expander 
by increasing fluid reabsorption at the level 
of the collecting ducts [5]. Hyponatraemia is a 
potential complication and patients should be 
monitored for this. Desmopressin has been used 
safely in pregnancy for the management of Von 
Willebrand’s disease and diabetes insipidus [3].

Medications for PoTS in Pregnancy: The 
Vasoconstrictors

Midodrine is an alpha-1-adrenoreceptor agonist, 
which causes both arterial and venous vasocon-
striction thus reducing peripheral venous pool-
ing and increasing blood pressure in the upright 
position. It has been shown to be effective in the 
management of PoTS, particularly the neuro-
genic subclass [5]. In the few case studies pub-
lished no teratogenic effects are reported, but 
there are no rigorous data confirming its safety 
in pregnancy or breastfeeding and it should only 
to be used when treatments with better safety 
profiles such as beta-blockers and fludrocorti-
sone are unable to control symptoms effectively 
[2, 13]. Side effects include piloerection, supine 
hypertension, headaches and urinary retention 
which along with the regular dosing regimens, 
can dissuade patients from this treatment option 
[5].

Somatostatin analogues such as octreotide 
are inhibitors of a wide variety of hormones, 
particularly growth hormone (GH) and vaso-
active intestinal peptide (VIP) and are usually 
used in the management of acromegaly, carci-
noid syndrome and neuroendocrine tumours. 
Given intramuscularly or subcutaneously, 
octreotide has been used in the treatment of 

neonatal hypotension, bradycardia and hypogly-
caemia when used in higher dosages [11]. The 
doses used in managing PoTS are safe and can 
therefore be used [13].

Ivabradine controls heart rate by specifi-
cally reducing conduction speed at the sinoatrial 
node. It has no effect on other cardiac ionic cur-
rents and therefore does not impact on stroke 
volume or other cardiovascular parameters. 
Ivabradine was initially developed for the man-
agement of angina pectoris and like many other 
pharmacological options for PoTS it is not 
licensed for this indication either in or outside of 
pregnancy. Some animal studies have suggested 
teratogenicity and it therefore relatively con-
traindicated in pregnancy [2].

Medication for PoTS in Pregnancy: The 
Volume Expanders

Fludrocortisone mimics aldosterone, which 
aims to increase salt and water retention thereby 
increasing total plasma volume. This may be 
more effective in patients with the hypovolaemic 
subtype of PoTS. Fludrocortisone is a mainstay 
treatment in patients with Addison’s disease and 
is safe in pregnancy [13]. Patients may require 
upward titration in the third trimester owing 
to the anti-mineralcorticoid effects of proges-
terone. Care should be taken to monitor elec-
trolytes, specifically potassium as it can cause 
hypokalaemia. In some instances fludrocorti-
sone may need to be reduced or even stopped in 
cases of gestational hypertensive disease such as 
pre-eclampsia.

Desmopressin, or DDAVP, is a synthetic 
analogue of anti-diuretic hormone (ADH). 

Table 1  undefined

Medication Mechanism of action FDA class Safety in  
pregnancy

Safety in  
breastfeeding Common side effects

Clonidine Alpha-2-receptor ago-
nist causing:
Reduction in Heart rate

C SAFE PROBABLY 
SAFE

– Presyncope/postural 
hypotension
– Dry mouth
– Headache
– Sexual dysfunction
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Medications for PoTS in Pregnancy 
and Breastfeeding: Selective Serotonin 
Reuptake Inhibitors

Patients with PoTS do not have higher levels 
of depression or anxiety than the population in 
general. However, SSRIs have a mildly vaso-
constrictive effect and have been used to treat 
symptoms of PoTS, although there have been no 
studies to investigate their efficacy [14].

SSRIs may also be prescribed for anxi-
ety or depression independent of or related to 
chronic illness. The safety of these medica-
tions in pregnancy is continually subject to 
controversy. Many of the studies highlighting 
the risks are fraught with inconsistent method-
ology. The most robust studies show very little 
evidence of teratogenicity or adverse outcomes. 
The National Institute for Health and Clinical 
Excellence (NICE) states that the association 
between major congenital malformations and 
all SSRIs is not statistically significant [15]. 
Patients requiring SSRIs prior to pregnancy 
are encouraged to remain on these medications 
as the risks to the mother’s mental wellbeing 
of withdrawal of these drugs is likely to be far 
greater than the risk to the fetus.

Intrapartum Considerations in Patients 
with PoTS

The physiological fluid shifts during labour 
and in the immediate puerperal period have the 
potential to exacerbate the symptoms of PoTS. 
The more severe a patient’s symptoms, both 
prior to and during pregnancy, the worse these 
exacerbations could potentially be in labour. A 
birth plan should be discussed during pregnancy 
with both obstetric and midwifery teams to iden-
tify the most appropriate place for the woman 
to deliver, which is usually on or close to an 
obstetric-led unit. Analgesia options should 
also be discussed prior to labour and an anaes-
thetist would normally have seen the woman 

refractory PoTS particularly in combination 
with midodrine. Since acromegaly is commonly 
associated with subfertility there are very lim-
ited data on the use of octreotide in pregnancy. 
It should be avoided in pregnancy unless there is 
a clear benefit. This is relevant, as patients pre-
senting with PoTS on octreotide are most likely 
to have severe symptoms and may be on a multi-
tude of medications concurrently.

Medications for PoTS in Pregnancy 
and Breastfeeding: Pyridostigmine

Pyridostigmine is an acetylcholinesterase inhibi-
tor, which increases the concentration of acetyl-
choline in the autonomic ganglia and muscarinic 
receptors [5]. It is most often used in the man-
agement of myasthenia gravis and has been 
successfully used in the management of PoTS. 
It reduces tachycardia and symptoms of the 
disease by up to 50% [5]. The World Health 
Organisation classifies this as safe in pregnancy 
and breastfeeding [2]. Side effects are common. 
Up to 20% of patients report significant gas-
trointestinal side effects owing to its effect of 
increasing gastric motility and therefore compli-
ance may be affected [2, 5].

Medications for PoTS in Pregnancy 
and Breastfeeding: Clonidine

The centrally acting alpha-2 receptor agonist, 
clonidine, has been used in the treatment of 
PoTS with good outcomes in patients with high 
sympathetic nervous system activity such as 
those with the hyperadrenergic subtype of the 
disease [5]. Patients with the neurogenic sub-
group are less likely to tolerate its side effects as 
it can paradoxically cause symptoms of orthos-
tatic hypotension. It appears to be safe in preg-
nancy and has similar properties to methyldopa, 
which has been widely used for hypertension in 
pregnancy.
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their symptoms, although most will resolve to 
baseline by six months [2]. Patients with PoTS 
who remain symptomatic should only be dis-
charged from hospital when their symptoms 
have stabilised. Women should be supported by 
a partner or carers at home, and consideration 
should be given to the mother with autonomic 
disturbance when nursing a newborn baby. Both 
 beta-blockers and fludrocortisone are safe to 
continue postpartum when breastfeeding. There 
are no data for midodrine and ivabradine and 
these are usually avoided (See Table 1).
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Anaesthetic 
Considerations

Peter William Vaughan Wicks and Roger Cordery

Literature relating to the perioperative care of the 
patient with PoTS is limited to a small case series 
and a number of individual case reports. Although 
there is very little evidence base for decision mak-
ing during the perioperative period, knowledge 
of the underlying pathophysiological mecha-
nisms can allow an understanding of the possible 
response to anaesthetic techniques and can guide 
the delivery of safe perioperative care.

Pathophysiological Mechanisms

PoTS is the manifestation of a number of patho-
physiological processes which may occur either 
on their own or co-exist in the individual. The 
Heart Rhythm Society consensus document 
describes five underlying pathophysiological 
mechanisms [1].

• Peripheral autonomic denervation: 
Reduced sympathetic tone resulting from 
autonomic neuropathy leads to venous 

pooling in the lower limbs and splanchnic 
beds. The requirement for a compensatory 
increase in cardiac output to maintain perfu-
sion pressure on standing results in the clini-
cal features of PoTS [1].

Anaesthetic Consequences: There is a potential 
for an increased hypotensive response to general/
neuraxial anaesthesia and positional changes dur-
ing anaesthesia.

• Hypovolaemia: 70% of patients with 
PoTS have reduced blood volume. A small 
study identified a total blood volume defi-
cit of 689mls ± 270mls compared with pre-
dicted ideal blood volume. There is a failure 
of renin and aldosterone levels to rise in 
response to this reduced volume state [2].

Anaesthetic Consequences: There is potential for 
an exaggerated response to blood loss, positive 
pressure ventilation or pneumoperitoneum.

• Hyperadrenergic PoTS: Standing upright 
for 10 min results in an increase in systolic 
blood pressure of > 10 mmHg associated 
with a rise in plasma norepinephrine lev-
els of > 600 pg/mL. Sympathetic activation 
symptoms (palpitations, anxiety, and tremor) 
predominate in these patients [3].

Anaesthetic Consequences: There is a heightened 
response to isoprenaline in these patients and beta 
agonists should be titrated carefully. Patients have 
the potential for an exaggerated response to laryn-
goscopy, surgical stimulation and agents which 
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3. Review of the patient’s usual medical ther-
apy. Medications used for the treatment of 
PoTS and their potential implications to 
anaesthesia are described in Table 2. Where 
possible medications should be continued 
throughout the perioperative period to pre-
vent worsening of symptoms which may 
affect engagement with rehabilitation and 
recovery.

4. Providing reassurance and consideration of 
preoperative anxiolysis.

Intraoperative

The lack of academic literature means that the 
optimal anaesthetic technique for the patient 
with PoTS is unknown. The main intraoperative 
considerations relate to the potential for haemo-
dynamic instability and the possibility of an exag-
gerated response to hypovolaemia (Table 2) [10].

In a case series of thirteen patients with 
PoTS undergoing elective general anaesthesia, 
three patients developed prolonged intraopera-
tive hypotension despite relative stability during 
induction. In two of these patients, the changes 
were associated with positional changes. All 
were treated effectively with ephedrine or phe-
nylephrine boluses with no postoperative effects 
[10]. Given this potential for haemodynamic 
instability, invasive monitoring should be con-
sidered for surgery where blood loss or major 
fluid shifts are likely. Vigilance is required dur-
ing positional changes with an anticipation for 
the need for vasopressor therapy. Intravenous 
boluses of crystalloid solutions have been used 
as an effective treatment of tachycardia associ-
ated with postural changes [11] and the cor-
rection of relative hypovolaemia may reduce 
haemodynamic instability.

result in catecholamine release (ketamine, desflu-
rane) [4].

• Deconditioning: Poor exercise tolerance and 
deconditioning seen in patients with PoTS 
leads to a reduced left ventricular mass, 
stroke volume and blood volume. Reduced 
stroke volume requires a tachycardic 
response to impaired cardiac filling on stand-
ing. Exercise training can improve the cardio-
vascular manifestations of deconditioning.

Anaesthetic Consequences: There is the potential 
for poor compliance with post operative rehabili-
tation programmes which may affect recovery. 
Decreased ability for early post operative mobi-
lisation may increase chance of postoperative 
venous thromboembolic and respiratory compli-
cations [5, 6].

• Anxiety and Hypervigilance: Patients 
with PoTS have higher levels of anxiety and 
somatic hypervigilance. Although it has been 
shown this is not the primary cause of the 
exaggerated heart rate response to standing 
there may be a psychological contribution to 
the symptoms felt by the patient [6].

Anaesthetic Consequences: Somatic hypervigi-
lance may predispose to increased postoperative 
pain. Anxiety has been associated with increased 
postoperative chronic pain [7].

Anaesthetic Management

Preoperative

In addition to a routine anaesthetic history and 
examination, preoperative assessment of patients 
with PoTS should involve the following:

1. Focused questioning of symptoms to allow 
identification of possible underlying patho-
physiological mechanisms and establishing 
factors which can trigger symptoms in the 
patient.

2. Identification of any conditions associated 
with PoTS with relevance to anaesthetic man-
agement. (Table 1)

Table 1  Conditions Associated with PoTS [8, 9]

Chronic Fatigue Syndrome

Ehlers-Danlos Syndrome
Mitral Valve Prolapse

Inflammatory Bowel Disease
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Agents which produce a tachycardia should 
be avoided where possible. Patients with hyper-
adrenergic PoTS may produce an exagger-
ated response to stimulation of the sympathetic 
system [12] and care should be taken with the 
administration of beta-agonists and agents 
which result in catecholamine release such as 
ketamine.

Neuraxial anaesthesia has been safely used in 
obstetric patients with PoTS, although consid-
eration needs to be taken for the possibility of 
pronounced hypotension and its potential con-
sequences for the foetus and mother. In hyper-
adrenergic PoTS an early epidural to inhibit an 
exaggerated sympathetic response to labour may 
be of benefit. Caesarean section under regional 
anaesthesia and general anaesthesia have been 
described [9, 13, 14]. There are no descriptions 
in the literature of the use of neuraxial anaesthe-
sia in the non-parturient.

The presence of anxiety and somatic hyper-
vigilance in PoTS patients may place them at 
increased risk of severe postoperative pain. A 
pre-emptive multimodal analgesic approach 
should be used with consideration of the use of 
regional anaesthetic techniques.

Postoperative

Postoperative care and rehabilitation may pre-
sent a challenge as a result of deconditioning, 
chronic fatigue and orthostatic symptoms. A 
planned multidisciplinary approach should be 
used with engagement of the patient’s primary 
PoTS physician where required. Effective symp-
tom control will allow early mobilisation and 
engagement with rehabilitation. This should 
involve continuation of the patient’s regular 
medications in addition to avoiding drugs that 
may stimulate a tachycardia. Increased postop-
erative pain should be anticipated and effective 
rescue analgesia should be prescribed.
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Respiratory Specific Diagnostic 
Tests and Physiotherapy 
Intervention for Patients 
with PoTS Presenting 
with Breathlessness

Charles C. Reilly, Sarah V. Floyd and Kai K. Lee

Breathlessness in Patients with PoTS

Breathlessness is a highly prevalent symptom in 
patients with PoTS [1, 2]. Cohort studies sug-
gest that ≥ 65% of patients experience signifi-
cant breathlessness [2]. However, little is known 
about the aetiology of breathlessness in this 
patient group, but it is most likely to be multi-
factorial. Recent data from Reilly CC et al. sug-
gests that dysfunctional breathing is common 
in patients with PoTS resulting in inappropriate 
breathlessness [1].

In the context of PoTS, patients often attrib-
ute their breathlessness to changes in their 
breathing pattern, frequency or quality along-
side cardiac symptoms such as tachycardia and/
or palpitations. For many patients with PoTS, 
their breathlessness can be episodic, triggered 

by physical activity or stressful thoughts and 
events [1].

Respiratory Specific Clinical 
Investigations to Assess Breathlessness 
in Patients with PoTS

The assessment of breathlessness in PoTS 
should be performed in a similar fashion to the 
usual investigation pathways for other patients.

Based on clinical experience, we recom-
mend that the following investigations be con-
sidered in the assessment of a patient with 
PoTS presenting with chronic and/or dispro-
portionate breathlessness. The appropriateness 
of each investigation should be guided by the 
degree of suspicion from the clinician as deter-
mined by the clinical history and examination 
findings.

Lung function testing: Spirometry is a 
simple non-invasive test that can provide a val-
uable insight into likely underlying lung patho-
physiology. The forced expiratory volume in 
one second (FEV1) and forced vital capacity 
(FVC) parameters can highlight obstructive lung 
defects due to diseases such as chronic obstruc-
tive pulmonary disease (COPD) and asthma, or 
restrictive lung defects due to obesity, interstitial 
lung diseases or chest wall disease. In patients 
with obstructive spirometry, measurement 
of fraction of exhaled nitric oxide (FeNO) is 
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breathlessness when lying flat, bending forwards 
i.e. to tie shoes laces or to pick something up off 
the floor, sitting in a bath or standing in a swim-
ming pool and/or where the patient reports sig-
nificant sleep disturbance specifically due to 
breathlessness or gasping for breath. Respiratory 
muscle function testing should include multiple 
tests [6] which include: sitting and lying vital 
capacity (VC) (drop in VC ≥ 30% suggestive of 
diaphragm weakness), a sniff nasal inspiratory 
pressure (SNIP) and/or maximum inspiratory 
pressure measured at the mouth (MIP). Both the 
SNIP and MIP provide measures of inspiratory 
muscle strength; reference ranges are available 
for the clinical diagnosis of inspiratory muscle 
strength [6]. If respiratory muscle weakness is 
suggested or  there is significant breathlessness 
related to sleep disturbance then overnight pulse 
oximetry is recommended.

Dysfunctional Breathing Patterns 
in Patients with PoTS

Dysfunctional breathing (DB) is an umbrella 
term describing breathing disorders where chronic 
changes in breathing pattern result in inappro-
priate breathlessness and other symptoms in the 
absence or disproportinate to the magnitude of 
physiological respiratory or cardiac disease [7]. 
There is no consensus definition of dysfunctional 
breathing or gold standard diagnostic criteria. The 
most widely recognised form of dysfunctional 
breathing is hyperventilation syndrome (HVS); 
this term is often also used synonymously with 
dysfunctional breathing, whereas in fact it is just 
one type of breathing pattern disorder.

To appropriately describe dysfunctional 
breathing, Boulding R and colleagues [7] suggest 
the following classification: (1) Hyperventilation 
syndrome: associated with symptoms both 
related to respiratory alkalosis and independent 
of hypocapnia; (2) Periodic deep sighing: fre-
quent sighing with an irregular breathing pattern; 
(3) Thoracic dominant breathing: can often 
manifest in somatic disease, if occurring with-
out disease it may be considered dysfunctional 

recommended to assess for airway inflammation 
where asthma is suspected. Since bronchodilator 
reversibility testing with the use of beta-agonists 
may not be preferred in patients with PoTS, 
a bronchial challenge test e.g. methacholine 
may be considered instead to screen for airway 
hypersensitivity. Measurement of static lung vol-
umes may be considered if a restrictive lung pat-
tern is found on spirometry [3].

Chest radiograph: a chest radiograph should 
be considered in patients with chronic symp-
toms to exclude underlying major structural lung 
pathology but especially in those with acute 
breathlessness. For example, pneumothorax 
should be considered in patients with co-existent 
Ehlers-Danlos Syndrome who complain of acute 
breathlessness and chest pain. Other possible 
abnormal radiographic findings include hyper-
inflation due to chronic obstructive airways dis-
eases, a raised hemi-diaphragm suggestive of 
respiratory muscle weakness, increased inter-
stitial markings due to parenchymal lung dis-
eases or signs of pulmonary oedema due to heart 
failure.

Hyperventilation provocation test: this 
test will help to determine if a patient may 
have hyperventilation syndrome (HVS), the 
most common dysfunctional breathing pattern. 
A positive hyperventilation provocation test is 
defined as: end-tidal carbon dioxide (etCO2) 
at rest or 10 min post-voluntary hyperventila-
tion < 4.3 kPa.  Capillary blood gas with a sig-
nificant reduction in PaCO2 and a Nijmegen 
score > 23/60 will additionally support this diag-
nosis [1, 4].

Cardiopulmonary exercise text (CPET): 
if available, CPET can be useful in identify-
ing the significant factors underlying a patient’s 
breathlessness and can be particularly useful in 
patients with disproportionate symptoms. CPET 
can also identify dysfunctional breathing pat-
terns (DB) [1, 5] and therefore may supersede 
the need for some of the tests listed above.

Respiratory muscle testing: although not 
considered routine, investigations for respiratory 
muscle weakness should be prompted by the pres-
ence of symptoms such as significant/intolerable 
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and results in dyspnoea; (4) Forced abdominal 
expiration: these patients utilise inappropriate 
and excessive abdominal muscle contraction to 
aid expiration; (5) Thoraco-abdominal asyn-
chrony: where there is a delay between rib cage 
and abdominal contraction resulting in ineffective 
breathing mechanics. DB is not a continuously 
symptomatic state but a syndrome of episodic 
symptoms that occur with or without recognizable 
provocation [7–9].

It is estimated that DB/HVS affects 10% of 
the general population and is more prevalent in 
women than in men [10].  Recent data by Reilly 
CC et al. demonstrated that patients with PoTS 
who reported significant breathlessness at rest or 
disproportionate breathlessness on exertion, and/
or symptoms of air hunger, excessive yawing or 
sighing, had DB/HVS [1].

DB/HVS may coexist with chronic respira-
tory diseases such as asthma [10] and chronic 
obstructive pulmonary disease [11] although 
whether the relationship is causal or coincidental 
remains unclear. More frequently DB occurs in 
the absence of respiratory disease.

Unexplained breathlessness and ‘air hunger’ 
are the predominant symptoms of DB/HVS [12, 
13]. DB/HVS can result in significant patient 
morbidity and an array of non-respiratory symp-
toms including: chest tightness, dizziness, palpi-
tations, pins and needles most noted in the feet, 
hands or around the mouth [12, 13]. The pres-
ence of these symptoms can themselves result 
in anxiety and panic, which can provoke further 
breathing irregularity.

While orthostatic tachycardia is the hallmark 
of PoTS, orthostasis also initiates increased min-
ute ventilation and decreased end – tidal CO2 in 
many patients. Hyperpnea in PoTS is related to 
sympathetic baroreflex stimulation and almost 
complete cardiovagal baroreflex withdrawal 
[24] resulting in hypocapnia. PoTS patients 
have decreased central chemosensitivity  to 
CO2 but conversely peripheral chemosensitiv-
ity to hypoxia is enhanced [14].  It is hypothe-
sised that the enhanced hypoxic sensitivity may 
contribute to the long-term facilitation of sym-
pathoexcitation in patients with PoTS, result-
ing in chronic hyperventilation/ dysfunctional 

breathing patterns.  The hypocapnia result-
ing from chronic/intermittent hyperventilation 
reduces cerebral blood flow and contributes to 
 light-headedness and to cognitive impairment 
during daily life. It also lowers the excitatory 
threshold for nerve fibres resulting in paraes-
thesiae and reduces the Bohr effect so that hae-
moglobin releases oxygen less easily.  Acute on 
chronic hyperventilation results in a reduction in 
peripheral vascular resistance and reduced mean 
arterial blood pressure (MAP). The reduced 
MAP exacerbates or triggers PoTS symptoms of 
light headiness and fainting, as well as increas-
ing heart rate to compensate for the reduced 
venous return and lowered cardiac output, and 
maintain blood pressure [1, 14, 15]. It must be 
acknowledged that psychological influences 
such as stress, anxiety and depression, which are 
prevalent in patients with PoTS [16, 17], may 
also predispose patients to DB/HVS.

Physiotherapy as a Potential Treatment 
for DB/HVS in Patients with PoTS

Reilly CC, et al. reported that a physiother-
apy intervention, which focussed on breathing 
retraining for patients with PoTS and dysfunc-
tional breathing, improved patients breathing 
pattern and symptom burden [1].

When to Refer to Respiratory 
Physiotherapy

• All patients with a formal diagnosis of 
PoTS that report symptoms of breathless-
ness at rest, on exertion or with dispropor-
tionate breathlessness on activity and/or 
 breath-holding, sighing and excessive yawn-
ing should be referred to respiratory physi-
otherapy for a breathing pattern assessment. 
If a patient has a physiotherapist diagnosed 
dysfunctional breathing pattern, they should 
be provided with advice and breathing exer-
cises to help treat/manage their dysfunctional 
breathing pattern and associated breathless-
ness [1].
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• Ideally patients should be established/
optimised with regards to their cardiac 
symptoms. However, this should not be a pre-
requisite given the complexity of PoTS[1].

• Early access to physiotherapy is recom-
mended, as early physiotherapy intervention 
for DB/HVS may result in better outcomes.

What Physiotherapy Interventions 
can be helpful in the management 
of DFB/HVS in PoTS?

• Patient education: focusing on the patient’s 
understanding of: (1) respiratory physiology, 
specifically respiratory control and normal 
breathing pattern (2) the mind—body link 
and how external factors such as anxiety, 
stress and lifestyle influences breathing pat-
terns resulting in breathlessness [1].

• Breathing re-training should include the fol-
lowing techniques: (1) breathing control at 
rest and during activity, (2) controlled pause 
technique [1].

• In addition, the following physiotherapy treat-
ments should be considered: sinus management, 
airway clearance techniques, postural exercises 
and exercise advice.

Physiotherapy Good Practice Points

• Patients should be provided with information 
regarding stress and lifestyle management 
e.g. pacing and relaxation techniques

• Each patient should be provided with an indi-
vidualised self-management plan.

• In addition, the link between anxiety and 
hyperventilation should not be overlooked, and 
where appropriate, patients should be referred 
for psychological support or counselling.
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Introduction

This chapter offers a clinically-focused review 
of the limited available research pertaining to 
psychological and cognitive influences in PoTS 
patients. We will discuss common psychologi-
cal co-morbidities in patients with PoTS, and the 
indications and goals for referral to psychiatric 
and affiliated services.

We examine treatment interventions with 
empirical support in other long term condi-
tions (LTCs) including Cognitive Behavioural 
Therapy (CBT), Mindfulness-Based Cognitive 
Therapy (MBCT), and Acceptance and 
Commitment Therapy (ACT); considering 

some of the key relevant therapeutic aspects of 
these approaches. Of necessity, as this section 
is sparse on condition-specific research data, it 
relies heavily on the authors’ collective clinical 
experience. Pharmacological interventions will 
also be reviewed, including contraindications for 
some commonly prescribed medications in this 
patient group. It is our clinical experience that 
PoTS patients can be either highly sensitive to 
medications or occasionally appear unrespon-
sive to them.

Understanding the complex interaction of 
psychological and physiological processes in 
PoTS and other LTCs (long term conditions) is 
challenging. The conceptual separation of body 
and mind seems especially ill-fitting to disorders 
like PoTS, which involve the autonomic nervous 
system and can impact aspects of attention and 
cognitive functioning. Attempting to tease out 
these dynamically-interrelated influences makes 
it clear that trying to understand symptoms as 
either exclusively physical or psychological is 
unhelpful for either effective formulation or 
treatment. PoTS patients can present to clini-
cians as anxious, and may have received diagno-
ses of anxiety disorders previously. Having been 
told their symptoms are “all in their head” can 
be confusing, distressing and lead to resistance 
to engaging with mental health services, which 
can be a beneficial adjunct to standard medical 
care if sensitively and appropriately delivered.
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patients as the most troubling of their many 
symptoms, and is often present even in the 
supine and seated positions when classical 
orthostatic symptoms are minimized.

• A patient’s attention to unpleasant physi-
ological sensations is a fine balance between 
avoiding under-attention to physical cues 
(and preventing syncope/over-exertion) and 
over-attention (can lead to hyper-vigilance 
and exaggerated fight/flight responses and 
behavioural avoidance).

• PoTs can negatively impact on many areas 
which compromise mental health (e.g. sleep, 
mobility, appetite, relationships, activities), 
thus making usual coping strategies less 
accessible.

• In the absence of a single disease pathway 
or ‘cure’, psychological support can be an 
important consideration in supporting the 
many changes required to help patients 
achieve optimal functioning. Psychological 
support, however, may not be necessary in all 
PoTS patients.

• In combination with research from other 
chronic health conditions, there is reasonable 
rationale for why therapeutic interventions 
such as CBT and MBCT/ACT can play a use-
ful part in the multidisciplinary treatment of 
PoTS.

• There are some emerging data indicating 
elevated suicidality within this patient group. 
Safety screening and asking about thoughts 
around self-harm should be a routine part of 
clinical contact with any healthcare provider.

• Referral to psychiatric and psychological 
services should be done sensitively. This is 
required to avoid stigmatization and, given 
that many patients have previously been told 
their condition is “all in their head”, creating 
resistance to engaging. Inter-disciplinary col-
laboration can assist with this.

• Pharmacological approaches need to be con-
sidered with awareness of some of the docu-
mented relative contraindications in PoTS 
patients.

We emphasise that in patient interactions, 
every health professional influences the psy-
chology of their patients. As yet, there are few 
psychological magic bullets for PoTS patients; 
however, patient experience speaks to the trans-
formative power of diagnosis, acceptance, and 
being taken seriously. Hope and understanding 
are arguably some of the most powerful thera-
peutic interventions for LTCs. Isolation and tak-
ing on the patient identity can become factors 
in a patient’s mental decline. Patients who feel 
able to take the lead in actively managing their 
condition appear to do best. Recognising that, 
as well as attending to physiological considera-
tions as medical and allied-health practitioners, 
we have the potential to influence patients’ psy-
chological well-being, simply acknowledging 
and validating their difficulties opens up pow-
erful therapeutic opportunities in consultations. 
Helping PoTS patients access psychological and 
psychiatric support when appropriate, destigma-
tising these approaches, and breaking down the 
division between mind and body, can be enor-
mously helpful.

Key Considerations in PoTS

• PoTS is not a mental health condition. It is 
distinct from anxiety and associated reac-
tive depressions, which are common in many 
LTCs and can affect QoL and involve “invis-
ible” scary and unpredictable symptoms.

• There is contradictory evidence on whether 
there are increased rates of mental health 
problems such as anxiety and depressive dis-
orders in patients with PoTS. This is, in part, 
a function of methodology (such as use of 
somatically focused measures to assess mood 
and anxiety symptoms) and relates to an out-
dated separation of mind and body (which is 
particularly inappropriate in considering dis-
orders of the autonomic nervous system).

• Impaired attention appears to be highly prev-
alent and troublesome in PoTS. Cognitive 
dysfunction or “brain fog” is often cited by 
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Quality of Life

There is clear evidence for reduced QoL in 
PoTS patients, even those with relatively mild 
orthostatic intolerance symptoms on tilt [1–3]. 
The finding that physical health related QoL 
reduction is similar in PoTS to CHF and COPD 
is tragic [1], particularly given that PoTS 
patients are typically pre-menopausal women 
previously in an active and productive period 
of their lives. This is of course also a critical 
time when coping strategies, relationships, and 
life-goals are still developing, and education 
still ongoing. Data on functional impacts have 
largely come from self-report questionnaires 
with resulting questions about validity; however, 
these results capture powerful statistics about 
the breath of disability. One study reported 
that 76% of PoTS patients need help with rou-
tine activities such as shopping, and 30% need 
help with personal care [4]. In a separate study, 
23% of PoTS respondents were wheelchair 
users, 50% of school aged patients were unable 
to continue to attend education, and 41% of 
patients reported financial loss associated with 
 health-related changes [5]. Such profound and 
rapid changes are likely to be important factors 
in impaired QoL and mental distress. Recent 
work looking at suicidal ideation in PoTS 
patients found elevated suicidal ideation well 
above the general population and equivalent to 
psychiatric in-patient groups [4]. Clearly, this 
is of great concern and requires further inves-
tigation. Research suggests that part of this 
increased suicidal ideation is associated with 
sleep disturbance [6]. Indeed, there is evidence 
that sleep is also implicated in compromised 
QoL in PoTS, as well as in cognitive impair-
ment, pain, and fatigue [7].

Mood Disorders

There is some debate about whether patients 
with PoTS are more prone to mental health dif-
ficulties. Of course, patients with PoTS are not 
immune to mood disorders which are prevalent 
among the general population. The Office of 

National Statistics cited a prevalence as high as 
one-fifth of adults who experienced anxiety or 
depression in their 2015 data collection, with 
rates being even higher in women [8]. Rates 
of depressive disorders are more than twice as 
common as the national average in other LTCs 
with similar impacts on QoL as PoTS, such as 
COPD [9, 10]. Overall, despite limited research 
in this area, it is reasonable to assume that 
patients with PoTS are equally (but not more) 
likely to have compromised mood as patients 
with other chronic health issues.

McGrady et al. documented increased rates 
of depression associated with positive tilt table 
tests for autonomic dysfunction [11]. The psy-
chiatric profiles of patients with PoTS were 
examined in more detail in a study by Raj et al. 
[12]. This study found that patients did not have 
an increased prevalence of major depression 
compared to the general population.  Subjects 
typically had mild depression, and interestingly 
depression scores were inversely related to 
time since diagnosis, suggesting some process 
of adjustment and acceptance tends to operate 
over time [12]. Moon et al. similarly observed 
a mean self-rated depression score that fell in 
the mild range in adolescent and adult PoTS 
patients compared with normative population 
scores [3]. The orthostatic intolerance symp-
toms most strongly associated with depression 
in this study were impaired concentration, chest 
discomfort, palpitations, lightheadedness, and 
nausea.

In summary, there is consistent evidence 
of mild-moderate depression in PoTS. Several 
studies found a positive correlation between 
depression scores and self-rated orthostatic 
symptom burden, but not with HR variabil-
ity [3], which may be a red-herring for assess-
ing the severity of the syndrome as a whole. 
One study reported less mood disturbance with 
increasing time from diagnosis, which is con-
sistent with a reactive/adjustment mood disorder 
hypothesis [12]. Of great concern, however, is 
increased suicidality in this patient group, which 
is associated with impaired sleep, and likely 
reflects how distressing living with PoTS can be 
[4, 6]. It is consequently important to screen for 
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symptoms and distress. Thus it is still clinically 
important to consider a comorbid anxiety disor-
der in patients with PoTS.

Our clinical experience accords with the 
research finding that the critical drivers in 
panic disorder and generalized anxiety, such 
as thoughts about threat, inability to cope, and 
responses associated with avoidance, are not 
the drivers or the primary maintaining factors in 
PoTS. Patients do, however, describe a sense in 
which they feel their body responding ‘exces-
sively anxiously’ to situations, and in excess of 
how they cognitively perceive a threat. They 
report a sense in which the subtlety of the sys-
tem is absent, that anxiety can rocket from 0 
straight to 100, and some describe a subsequent 
stalling of cognitive processing, and a feeling of 
the brain stalling in its flexibility and speed.

All of this speaks to the complex processes 
at work that we are just beginning to under-
stand more fully. Currently, details are of aca-
demic interest, with active research ongoing 
about what attentional and functional aspects 
may be involved. In the meantime, the finding 
that patients experience heightened and extreme 
sympathetic arousal, and unsubtle physiological 
changes, is not in dispute. Optimising our capac-
ity to navigate stressors is an essential part of 
optimising our well-being, especially when our 
health is compromised and affected by stress. 
There is therefore a role in PoTS for various 
types of psychological input typically used to 
improve anxiety management.

Cognitive Issues

Difficulties with “brain-fog,” mental clarity, and 
feeling ‘not entirely present’ have been cited as 
the most troubling symptoms of PoTS [5]. In 
fact, a survey-based study by Ross et al. found 
that over 95% of PoTS patients report brain fog, 
with most experiencing symptoms on a daily 
basis [15]. These cognitive issues can greatly 
impair the ability of these patients to partici-
pate in occupational and educational activi-
ties, thus resulting in reduced QoL and in some 
cases disability. PoTS patients can often tolerate 

suicidal ideation and we recommend this should 
be a routine part of any clinical contact.

Anxiety and PoTS

In clinical anxiety, mind (worry, fearful cogni-
tions, perceptions of threat and ability to cope) 
and body (somatic symptoms such as a rac-
ing heart, sweating, altered breathing, atten-
tion changes) are dynamically interrelated, 
both feeding into a vicious cycle. Patients with 
PoTS are typically perceived as anxious, but it 
is important to recongise that there is significant 
overlap between somatic aspects of anxiety and 
PoTS symptomology. In the case of patients 
with PoTS, in order to understand what is driv-
ing and maintaining distress and tailor treatment 
appropriately, separating the two conceptually 
can be important.

A series of elegant studies have addressed 
whether PoTS patients mistakenly appear anx-
ious due to overlap of their orthostatic symp-
toms with the physiological symptoms of 
anxiety (e.g. elevated heart rate, palpitations, 
sweating, difficulty concentrating), or truly 
experience anxiety (consisting of both physi-
ological and psychological symptom compo-
nents) [7, 12–14]. These studies consistently 
conclude that the former is true. For exam-
ple, Khurana et al. demonstrated by provoking 
somatic anxiety using both orthostatic and phar-
macological stimuli, that panic-like symptoms 
in PoTs are phenomenally distinct from anxiety 
disorders [13]. Patients with PoTS, however, do 
show mildly elevated levels of anxious thinking 
compared with the general population, and this 
anxiety focuses on worries about somatic symp-
toms (particularly cardiovascular) [7].

Adding to this complexity, patients can natu-
rally become anxious about managing indepen-
dently despite their symptoms. They can fear 
staying safe, experiencing a faint (hemodynamic 
or non-hemodynamic), as well as have anxious 
thoughts about the future and the impact that 
their illness could have on it. Such thoughts, 
while understandable and rational, can feed 
into the clinical picture if untreated, amplifying 



275Psychological and Psychiatric Support; When, Why and What to Do

It has also been hypothesized that significant 
mood and anxiety difficulties could be causal 
factors in cognitive dysfunction in patients with 
PoTS. One study by Anderson et al. exam-
ined for changes in cognition during tilt table 
testing and concluded that impaired attention 
and short-term memory in PoTS patients ver-
sus healthy controls were largely explained by 
psychological factors including higher levels 
of anxiety and mood disorders [7]. Although 
rates of clinically significant depression were 
higher in this smaller sample, it is worth not-
ing that the mood assessment tool used here, 
the Hamilton Depression scale, is heavily com-
prised of somatic factors that overlap with 
PoTS symptoms (sleep disturbance, motor 
activity, fatigue and gastrointestinal changes). 
In contrast, Arnold et al. found no correlation 
between measures of cognitive impairment and 
 self-reported depression or anxiety symptoms in 
adult PoTS patients [16]. Thus, the contribution 
of mood difficulties to cognitive dysfunction 
in PoTS remains unclear and requires further 
investigation.

To date, it remains unclear whether cogni-
tive dysfunction in PoTS is a result of ortho-
static stress, fatigue, sleep issues, or part of 
 syndrome-specific processes such as central nor-
epinephrine dysregulation. Similarly, we have 
yet to establish whether the mismatch between 
subjective patient perceptions and results of 
objective neuropsychological testing is a conse-
quence of lack of testing specificity or because 
compromised interception is part of the syn-
drome itself. In addition, PoTS patients often 
have comorbidities known to negatively influ-
ence cognitive function, and associated with 
psychiatric difficulties, including autoimmune 
disorders, chronic pain, irritable bowel syn-
drome, fibromyalgia, and hypermobile Ehlers-
Danlos Syndrome [21–24]. Poor sleep can of 
course also affect cognitive function, and PoTS 
patients often report sleep disruption and symp-
toms of unrefreshing sleep, which may in part 
be linked with symptoms of hyperarousal [25–
27]. It seems likely that an integrated treatment 
approach targeting these interacting factors will 

palpitations when reassured that they are not 
harmful, and dizziness if reassured that they 
will not faint, but cognitive difficulties can be 
refractory even in those well-adjusted to other 
symptoms.

Despite this high prevalence and clinical 
impact, only a handful of studies to date have 
examined the profile of cognitive impairment in 
PoTS. Raj et al. highlighted that PoTS patients 
experience significant problems with attention, 
to a level comparable to patients with attention 
deficit hyperactivity disorder (ADHD) [12]. 
Unlike the latter neurodevelopmental condition 
which emerges in childhood, the presence of 
inattention symptoms was not reported in PoTS 
patients prior to orthostatic symptom onset. 
Compromised attention was noted as an impor-
tant source of disability.

Recent work by Arnold et al. detected 
impaired selective attention, cognitive process-
ing speed, and executive function in adult PoTS 
patients when in the semi-recumbent position 
[16]. These deficits were selective, with patients 
having similar reaction time, sustained attention 
and verbal fluency compared with healthy con-
trol subjects. This study, however, did not exam-
ine the impact of orthostatic stress on cognitive 
measures and noted that future studies exam-
ining performance on tilt might deliver more 
prominent findings since patients often report 
that their cognitive symptoms are worse when 
upright. Stewart et al. have demonstrated that 
adolescent PoTS patients with comorbid chronic 
fatigue syndrome have impaired working mem-
ory during graded orthostatic stress, with normal 
functioning in this domain in the supine position 
[17]. They further hypothesized from their work 
that there may be an uncoupling of the neuro-
vascular unit during orthostatic stress in these 
PoTS patients that contributes to their cogni-
tive dysfunction [18, 19]. As recently reviewed, 
other hypothesized theories for reported cogni-
tive difficulties include central norepinephrine 
dysregulation and structural and functional brain 
abnormalities, which may also contribute to 
increased vulnerability to autonomic and psychi-
atric symptoms in PoTS [20].
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dietician, would be most pertinent to assess for 
the presence of an ED. Patients with PoTS are 
not immune to developing AN, which is rela-
tively common in the general population (1 in 
250 women, NHS Choices, 2015), and indeed 
many find restriction easier if appetite is sup-
pressed by their altered physiology. Patients 
with AN commonly report feeling ‘physically 
out of control’ as a trigger for the over-control 
manifested in their eating behaviours, and in 
this context PoTS, where feeling physically out 
of control is commonly reported, could be a risk 
factor for AN.

In essence, this is another reminder of the 
importance of widespread physician and health-
care provider education, and also the importance 
of protective psychological support for patients 
made vulnerable by their PoTS symptoms.

Psychological Misdiagnosis

To appropriately support anyone with compro-
mised mental health is critical, and there is good 
reason to think that improving this aspect of a 
person’s functioning will play a part in optimis-
ing recovery. To fail to identify PoTS and focus 
exclusively on addressing the psychology, how-
ever, might arguably be doing a greater disser-
vice to patients. Mood and anxiety often directly 
and rapidly benefit from receiving a diagnosis 
of PoTs; and PoTS symptoms in the majority of 
cases respond well to symptomatic management 
and treatment.

Interestingly in PoTS survey data, psychiat-
ric misdiagnosis was markedly different accord-
ing to gender, being reported by 75% of women, 
but only 25% of males [5]. It is clearly unac-
ceptable that men presenting with symptoms of 
unexplained dizziness, fatigue and palpitations 
appear more likely to be taken seriously than 
women with a similar presentation. A recent 
large, cross-sectional online community-based 
survey reported that PoTS patients on average 
experience a 24 month delay and are evalu-
ated by 7 physicians from initial presentation to 
diagnosis, and often experience misdiagnosis, 
again with findings more prominent in women 

be needed to optimise cognitive outcomes; how-
ever, there are no studies examining potential 
treatment approaches for cognitive difficulties in 
PoTS.

In summary, studies have shown selective 
impairment of measures of cognitive function in 
PoTS including attention, cognitive processing 
speed, memory function, and executive function. 
The precise profile of cognitive dysfunction in 
PoTS patients varies among studies perhaps due 
to the neuropsychological tests used, postural 
position, comorbidities and length of illness, 
inclusion of adolescent versus adult patients, 
and sites of recruitment. It remains unclear 
whether cognitive issues are posturally related, 
or represent different symptom pathways or dis-
ease processes. The subtle changes detected on 
neuropsychological testing often do not match 
the global and incapacitating deficits reported 
by patients, leaving more work to be done in this 
area.

Eating Disorders

Many patients with PoTS have weight change 
associated with the timing of onset of their 
symptoms. This may be due to direct changes in 
hunger-signaling pathways, or changes in eating 
habits made by patients to manage symptoms 
established by trial and error (many patients 
anecdotally report a little-and-often eating strat-
egy works best for them). Those who report 
early satiety and anorexia as a salient symptom 
are more likely to end up in treatment for an eat-
ing disorder (ED). It would seem important to 
educate mental health professionals about PoTS, 
as there are likely to be many missed PoTS diag-
noses amongst referrals, particularly in the case 
of eating disorders services.

A clear defining characteristic of anorexia 
nervosa (AN) is distortion of body image. A 
patient with PoTS is more likely to report wish-
ing to eat more but finding themselves unable 
to do so, and experiencing nausea or symptom 
escalation when they do. A referral to a gastro-
enterologist with an interest in autonomic dys-
function, who would work in tandem with a 
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crisis early, and making available rapid diagno-
sis and access to multidisciplinary medical care, 
including psychological care, is critical to this 
end.

Trauma Work

Anecdotally, many clinicians report that a dis-
proportionate number of their patients seem to 
have experienced trauma or abuse. Again, this is 
an area with little research.

Intuitively one can hypothesize that previ-
ous emotional or physical trauma could lead to 
tendencies to dissociate in order to continue to 
function amongst emotional or physical pain. 
This could potentially become habitual, reduc-
ing attunement to the body’s needs, and leav-
ing a person more likely to plough on and miss 
physical cues to slow down, heal, restore and 
reduce stressors. We know that attentional 
biases, and tendencies towards both extreme 
hypervigilance and avoidant or dissociative cop-
ing strategies, are implicated in whether a trau-
matic event develops into post traumatic stress 
disorder (PTSD). Research is currently in pro-
gress investigating whether associated condi-
tions such as hypermobility syndromes are more 
likely to experience adversity as trauma, or 
develop PTSD or dissociative coping patterns.

While numerous consultants have noticed 
that a prior trauma history is common in PoTS, 
we need to remain mindful to the sad reality 
that many young women, who are the predomi-
nant group, have an elevated background rate of 
exposure to a sexual or violent trauma. One in 
five women in England and Wales have expe-
rienced sexual violence or assult, which is five 
times the rate for men [29].

Patient Interactional and Cognitive 
Styles

It is important to acknowledge the view amongst 
some clinicians that PoTS patients are difficult, 
draining, overwhelming and even melodra-
matic or confrontational; the classic ‘heart sink’ 

compared with men [28]. It is hoped that these 
unfortunate diagnostic delays in PoTS will 
improve with ongoing physician education and 
awareness.

An unhelpful outgrowth of the conceptual 
separation of mind and body is an erroneous 
view that disorders involving psychological fac-
tors are somehow more of a person’s choosing, 
or under their control, than those of the body. 
This in turn leads to prejudice, discrimination, 
and has implications for access to care. This 
seems to be especially the case in relation to 
fatigue. PoTS patients may be labelled as lazy, 
affiliated to outdated assumptions that PoTS 
is predominately caused by deconditioning 
associated with avoidance and secondary gain. 
In fact, survey data suggests that prior to the 
onset of PoTS, 66% of patients were engaged 
in regular physical exercise and were high 
functioning immediately before onset of PoTS 
symptoms [5]. At a time when there are inter-
national criteria, emerging biomarkers, and that 
many symptoms such as gastric disturbances, 
somatic anxiety and brain fog respond to treat-
ment, it is surely time to move beyond debates 
about whether PoTS is real, psychosomatic 
or ‘middle-class.’ We should focus energy 
instead on identifying therapeutic targets and 
 patient-specific multi-specialty coordinated care 
pathways.

Formulating the triggers for the onset of 
PoTs, might best be conceptualized, much as in 
other systemic and autoimmune chronic health 
conditions, as understanding the brewing of a 
perfect storm. Physical and psychological stress-
ors such as trauma, loss, life change, concussion 
or viral illness are quietly accruing contribu-
tory factors against a climate of physiological 
predisposition, with the syndrome often trig-
gered suddenly after one insult too many for the 
body to maintain equilibrium. Thereafter, chal-
lenging and unpredictable symptoms and life 
changes take their toll, and instinctive coping 
mechanisms such as rest and avoidance are often 
unhelpful. This reinforces the important role of 
maximising all other aspects of health, including 
mental health and social support, to begin the 
important process of reconstruction. Calling the 
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there is currently no short-cut to a detailed 
patient-centered history coupled with psycho-
logical measures which clearly separate cogni-
tive and somatic hallmarks of depression and 
anxiety. After this, PoTS-associated compro-
mised attentional and cognitive processes may 
be evident versus clinically significant ‘pure’ 
depression or anxiety. With regard to mood and 
sympathetic arousal processes, reactive minor 
depression and symptom-specific anxiety may 
typically be recognised as the culprits and thera-
peutic targets. This combination of time required 
and a rather intimidating interpersonal profile 
to work with may initially lack appeal to the 
aspiring clinician. However, these are fascinat-
ing presentations and patients often respond 
extremely well to appropriate intervention. 
Often offering understanding, a plan, and some 
hope, are catalysts for significant change with 
enormous rewards for all involved.

Therapy Evidence Base

Studies may not agree about the nature of pro-
cesses involved in the mind/body interface in 
PoTS, but all concur that patients are likely to 
do better by addressing the psychological, atten-
tional, and adjustment challenges associated 
with PoTS.

Stress-reduction techniques and CBT 
are typically advocated; however, there is a 
paucity of robust, high quality research for 
 cognitive-behavioral interventions in PoTS. 
Much of the evidence for its recommendation 
stems from research on associated conditions 
with similar challenges. There is good evidence, 
for example, that patients with medical condi-
tions generally benefit from psychotherapies. 
This is born out for example in COPD [30] 
which has a comparable impaired health-related 
QoL to PoTS [9]. CBT has good face validity 
for treatment of physical health conditions with 
distressing symptoms. It is centered on devel-
oping awareness of the interaction of physical 
responses with situations, thoughts, emotions, 
and actions, with the ultimate goal of identifying 
and changing unhelpful patterns. As an example, 

patient. Certainly a PoTS patient’s interactional 
skills may be compromised by ‘brain fog’ on 
presentation (40% of patients report this phe-
nomenon, and for them it is often cited as the 
most troubling symptom) [5]. Patients report 
that while they still look, move, and sound the 
same, that they feel somehow removed from 
their personality and lack full access to their 
cognitive function. Patients can feel they are 
compromised in the very capacities which are 
central to their identity, including ability, crea-
tivity and sociability. This can result in a sense 
of loss of self, and insinuations of exaggerating 
severity or malingering. Normalising and empa-
thizing with this type of thinking can be thera-
peutically validating and help a patient move 
forward by focusing on what they can change.

A patient struggling with the level of disabil-
ity typically associated with PoTS for the typi-
cal seven-year delay between symptom onset 
and accurate diagnosis may well also be desper-
ate and despondent [5]. Such a patient is likely 
to have a long list of complaints, overwhelming 
both for them and the clinician. Often, the com-
plaints that are most distressing and emphasized 
by the patient (such as brain fog or fatigue) are 
nebulous and non-specific. They are likely to be 
so desperate to resolve them that may react very 
strongly or defensively if such concerns are not 
treated seriously or empathically. In contrast, 
they may have adapted to experiencing palpita-
tions and light-headedness so that these are not 
initially emphasized, or may even be unaware 
of them given that dissociation from physical 
symptoms can emerge as a coping strategy. They 
are likely to be wary of doctors and misdiagno-
sis, and have thick files which raise a red flag in 
clinicians trained to be suspicious of a history of 
unexplained symptoms and referrals to multiple 
specialists. Such a presentation is more likely to 
be turned away by physical health professionals, 
labelled as functional or somatoform disorders 
or personality disorders, and the somatic aspects 
of PoTS explained away as a combination of 
anxiety and depression.

In terms of reaching a workable diagnosis 
and making sense of complex symptoms strad-
dling the physiological/psychological interface, 
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fatigue was the only reported outcome meas-
ure. The authors do not elaborate on the specific 
CBT techniques used in the study, or on how 
and over what time period they were delivered, 
and there seems to have been an emphasis on 
increasing physical activity. It would be useful 
to understand the specific elements of the inter-
vention that were perhaps more challenging for 
PoTS patients, and to explore mood, QoL, and 
psychosocial outcomes.

An interesting and unanticipated finding 
emerged from a recent small outcome study of 
a Mindfulness-Based Stress Reduction (MBSR) 
program adapted for teenagers with cardiac 
diagnoses (in which category the investiga-
tors included PoTS) [37]. That the comparison 
group, who received facilitated small group sup-
port via video, had outcomes equivalent to the 
treatment group suggests that group support is 
perhaps best understood as an intervention, not 
a non-treatment comparison. This is in line with 
accruing evidence of the pivotal role of reduc-
ing social exclusion and perceived helplessness 
for positive outcomes in chronic illness [38]. 
Indeed, reducing isolation may be a very signifi-
cant factor in any therapeutic intervention. In a 
study examining adults with congenital heart 
disease, social adjustment was more predictive 
of health outcomes than medical variables [39]. 
Isolation may be a particularly significant factor 
for young bed-bound women with PoTS. Many 
patients describe living a life unfathomable to 
their peers and having been misbelieved and 
ostracized [5]. It is our opinion that clinicians 
who work with PoTS patients have an opportu-
nity to engender hope and reduce isolation.

Similar psychosocial adjustment factors 
could arguably be implicated in the case study 
of successful CBT treatment in a member of the 
American military with PoTS [40]. Positive out-
comes were recorded in self-assessment of func-
tional symptoms, improved mental well-being, 
and return to work. As might be anticipated, 
significant emphasis was placed on the positive 
effects of challenging catastrophizing thoughts, 
reducing avoidance of symptom-triggering envi-
ronments, and practicing tolerating frightening 
symptoms. While this is a case study, many key 

catastrophic thinking, a standard target for mod-
ification with CBT, has been associated with 
functional disability in PoTS [1].

Evidence is growing rapidly for variants of 
traditional CBT approaches based on mind-
fulness, such as Mindfulness-based cogni-
tive therapy (MBCT). Mindfulness is defined 
as paying attention to what is happening in the 
present moment with acceptance, curiosity, and 
compassion [8]. A large systematic review and 
 meta-analysis, demonstrated that mindfulness-
based interventions significantly improved symp-
toms of depression, anxiety and stress, QoL, 
and physical functioning [31]. Mindfulness 
training has been shown to reduce heart rate 
and  stress-related changes in blood pressure in 
healthy individuals, reduce hypervigilance for, 
and overly negative interpretations of, bodily 
sensations, and dampen vicious cycles of worry 
and physical manifestations of anxiety [32–35].

Practicing mindfulness on a regular basis 
supports enhanced awareness of experiences and 
actions, and better adaptations (e.g. responding 
more flexibly and skillfully to changing symp-
toms such as palpitations). This can help break 
cycles of unhelpful thoughts and actions (such 
as avoidance), which can otherwise increase dis-
tress, exacerbate symptoms, and limit function-
ing. The use of standardized  mindfulness-based 
interventions has been shown to alleviate men-
tal and physical symptoms in patients with 
cardiovascular disease, cancer, chronic pain, 
depression and anxiety disorders, as well as 
prevent symptoms in healthy populations [31] 
Mindfulness training has also been shown to 
improve autonomic responses to stress, [32, 35] 
and, relevantly, to reduce hypervigilance and 
catastrophic interpretations of symptoms [33, 
34].

Some caution appears warranted by a study 
reporting different outcomes following specialist 
CBT for patients with chronic fatigue syndrome/
myalgic encephalomyelitis (CFS/ME) diagnosis 
according to whether they also had PoTS. The 
study reported a smaller improvement in fatigue, 
and even deterioration in some cases, in the 
comorbid PoTS-CFS/ME group [36]. There was 
a high attrition rate in this study, however, and 
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PoTS. Selective serotonin reuptake inhibitors 
(SSRIs), such as sertraline, are often used first 
line in the treatment of depression and anxiety 
disorders. A study of the acute effects of ser-
traline in patients with PoTS revealed a trend 
towards increased blood pressure, and PoTS 
symptoms were actually slightly worse in the 
sertraline group compared to placebo [44]. This 
study corresponds with our clinical experience 
in treating PoTS patients. We generally find that 
they exhibit variable tolerance of antidepressant 
medications, and may discontinue their medica-
tion if their PoTS symptoms are exacerbated. It 
is also our clinical experience that patients who 
tolerate their antidepressant medication are able 
to obtain similar psychiatric benefits to patients 
without PoTS; however, research is needed to 
verify this clinical impression.

Selective norepinephrine reuptake inhibitors 
(SNRIs), in addition to inhibiting the reuptake of 
serotonin (like SSRIs), also inhibit the reuptake 
of norepinephrine. They are often used second 
line for the treatment of depressive and anxi-
ety disorders [45]. A study of the acute effects 
of atomoxetine, a norepinephrine reuptake 
inhibitor, in PoTS showed that it significantly 
increased standing heart rate and exacerbated 
all symptoms compared to placebo [46]. Due to 
the significant risk of increased symptom burden 
associated with SNRI use in PoTS, The Heart 
Rhythm Society Expert Consensus Statement 
considers the use of SNRIs in PoTS a class 3 
recommendation, i.e. their use should be gen-
erally avoided [47]. In clinical practice, SNRIs 
and other non-SSRI antidepressants are com-
monly used second line in PoTS patients with 
a poor response or inability to tolerate an SSRI 
trial. It is our experience that SNRIs tend to be 
more poorly tolerated in patients than SSRIs due 
to their increased tendency to exacerbate PoTS 
symptoms. We find that those patients who do 
tolerate these medications, however, often expe-
rience good clinical benefit.

In general, we tend to avoid the use of tri-
cyclic antidepressants (TCAs) and monoamine 
oxidase inhibitors (MAO-Is) due to their profile 
of high side effect burden, including orthostatic 
hypotension.

aspects of this intervention concur with our own 
clinical opinion of best practice psychological 
interventions for patients with PoTS.

ACT is another ‘third-wave’ outgrowth of 
CBT. It includes a component of mindfulness, 
but places greater emphasis on the principle 
that unpleasant thoughts and emotions are part 
of life, trying to avoid them is understandable 
but counterproductive, and a more useful aim 
is to live in accordance with our values [41]. 
This seems particularly relevant in the context 
of chronic medical conditions which might lead 
to frustration and anxiety. A large meta-analysis 
of randomised controlled trials demonstrated its 
efficacy in improving a variety of outcomes in 
the context of a range of physical and psycho-
logical health problems including, for example, 
blood glucose control in diabetes and seizure 
frequency in drug refractory epilepsy [42]. We 
hope that research exploring the efficacy of 
ACT in patients with PoTS will be forthcoming 
soon.

Psychiatry Best Practice 
Considerations in PoTS

As we have discussed, patients with PoTS com-
monly experience modestly elevated depressive 
and anxiety symptoms compared to the back-
ground population, and are at increased risk of 
insomnia and experiencing suicidal ideation. In 
clinical practice, PoTS patients are not immune 
to experiencing the typical mental health disor-
ders one would expect in the young female adult 
population in general. This would include major 
depression, and anxiety disorders including pho-
bias, generalized anxiety disorder, panic dis-
order and PTSD [43]. PoTS patients should be 
assessed for psychiatric disorders with a com-
plete psychiatric history, paying particular atten-
tion to assessing suicidality. The treatment plan 
should be consistent with evidence-based mental 
health guidelines, with an appropriate psycho-
therapeutic treatment modality, psychotropic 
medications, or a combination of both.

There are very limited data available to guide 
choice of pharmacotherapy in patients with 
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as suggesting symptoms are “all in the head.” 
Introducing this support early on is likely to 
be an important factor in preventing QoL dete-
rioration and associated secondary factors such 
as reactive depression, avoidance, and physi-
cal deconditioning [5]. A clinical or health psy-
chologist is then well positioned with sufficient 
contact time and specialist skills to formulate, 
develop, and implement the integrated psycho-
logical, physiological, and behavioral/lifestyle 
treatment approach required. Unfortunately, 
before being correctly diagnosed with PoTS, 
many patients have had their symptoms mis-
diagnosed, often hearing they are ‘all in their 
head’ (for example 48% of a recent UK sample 
of patients, [5] which is conservative in com-
parison to previous findings). As a consequence, 
a suggestion by a medical professional to seek 
psychological support can be misinterpreted by 
patients as a trivialization and misunderstand-
ing of the physical nature of their illness, leaving 
them reluctant to access this important form of 
support. It can help to use a parallel with physi-
otherapy. Explaining that just as patients with 
illnesses that are not caused by decondition-
ing may require input from physiotherapy ser-
vices to prevent future deterioration and adjust 
to the changes brought about by their illness 
(e.g. patients with Parkinson’s disease), so too 
patients with illnesses not caused by psychologi-
cal processes can benefit enormously from psy-
chological support going forward.

A sensitively discussed stigma-free refer-
ral and ongoing collaboration can help patients 
confidently access this important part of their 
treatment package. To reap the full benefit of 
the CBT family of therapies generally requires a 
patient to be committed to engaging fully in ses-
sions and tasks between sessions, to have some 
hope or confidence in the approach, and, they 
must have the cognitive capacity to gain insight 
into the consequences of their thinking styles 
and behavioural patterns (see Box 1). Ideally, it 
would be preferable to have an in-house ther-
apy team working in collaboration with other 
specialties in a multidisciplinary approach. 
The creation of specialist centres, supporting 

When to Refer

It would seem likely that patients would benefit 
from psychological support, either in its pro-
tective or therapeutic capacities. Referrals are 
especially recommended when mood is compro-
mised, the patient has reduced activities, sleep 
is affected, and relationship or appetite changes 
have occurred. This is especially urgent where a 
patient is fearful of, and avoidant of triggering, 
the physiological symptoms that they are expe-
riencing; or indeed even more so if there are any 
safety concerns around self-harm or suicidal 
ideation.

Clinical Red Flags Supporting Rapid 
Access to Mental Health Care in PoTS

– Safety concerns such as self-harm or sui-
cide—never be afraid to ask a patient as this 
will not ‘suggest’ an action that they other-
wise would not have undertaken

– Despondency and hopelessness
– Fear of physiological symptoms
– Withdrawal, sleep deprivation, dissociative 

episodes or significant weight change.

While professionals with experience with PoTS 
may be hard to find, patients will be most likely 
to benefit from a clinician with experience of the 
interface between physical and mental health 
in other LTCs. In addition to this chapter, there 
is information on the PoTS UK website (www.
potsuk.org) that may be helpful for clinicians to 
know before working with patients with PoTS. 
In psychotherapy, expectancy, engagement, and 
creating a positive therapeutic connection, are 
critically important in maximizing outcome. In 
addition, feeling understood, accepted, hope-
ful, and able to take control of managing a com-
plex medical condition are essential for optimal 
progress.

A physical health clinician actively involved 
in patient care is probably best placed to intro-
duce patients to the idea of engaging in psy-
chological support without being misconstrued 

http://www.potsuk.org
http://www.potsuk.org
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distressed or overwhelmed by, somatic 
symptoms.

b. Learning strategies to calm down the fight/
flight response and preventing anxious think-
ing from escalating the ‘anxiety-mimicking’ 
somatic symptoms.

c. Presyncope specific strategies including 
counter-maneuvers and not continuing on and 
ignoring physiological cues.

d. Addressing unhelpful dissociative tenden-
cies, which can arise as a coping strategy in 
the wake of distress and discomfort (which 
untreated can exacerbate a vicious cycle of 
deteriorating functioning).

e. Challenging the unhelpful idea that the body 
is scary, unpredictable, out of control and has 
let them down.

Our experience with co-morbid difficulties and 
common challenges reported by PoTS patients 
suggests some key therapeutic interventions, 
from both CBT and so-called ‘third-wave’ CBT 
approaches, which incorporate mindfulness, 
self-compassion, and acceptance principles. 
After socialisation to the model, and based on 
individual needs identified in case-formulation, 
these techniques should be considered for inclu-
sion in treatment plans. They can be usefully 
adapted for individual or group interventions 
(please see Appendix Table A1 for a detailed 
suggested treatment approach for psycholo-
gists). Given the rather unpredictable response 
to treatment of this complex syndrome, however, 
we would advocate that further work is needed 
to begin to construct and assess the incremen-
tal benefits of various elements of manualized 
therapy protocols, in addition to standard medi-
cal care. It is worth noting that not all patients 
with PoTS need psychological therapies to man-
age their condition. Adjustment to this chal-
lenging disorder will depend on their unique 
symptom profile, history and severity, as well as 
factors including extrinsic supports and acquired 
or intrinsic psychological resilience. Arguably, 
however, all will benefit from a paradigm 
for systemic illness which moves beyond the 

patients towards optimal outcome in a person-
centered integration of psychological and physi-
ological care, seems ideal in the context of our 
understanding of this complex multi-system 
syndrome.

Socializing a patient to the treatment 
approach is standard best practice for CBT and 
essential for engagement and active collabora-
tion. We know that patients actively involved 
in their health care do better. The rationale for 
psychological intervention, which can be helpful 
to share with patients, includes those specific to 
PoTS as well as those more broadly applicable 
to many chronic illnesses. It is worth empha-
sizing that we know that patients with many 
chronic illnesses do better with access to CBT. 
Factors common to many health conditions that 
can be usefully highlighted include:

a. What we know about the impact of chronic 
stress, isolation and compromised sleep on 
disease prognosis.

b. Help with adjustment to diagnosis, grief and 
fears for the future.

c. That psychotherapy can also help to enhance 
motivation to engage in appropriate life-
style changes and adhere to pharmacological 
regimes more consistently.

d. Advice around appropriate pacing and 
engagement in the right activities for the right 
amount of time to live optimally.

e. That it is common to harbor frustration at 
past mistakes, misdiagnosis and failings 
amongst family and friends.

f. The rationale that if one aspect of our health 
or functioning is compromised it makes sense 
to optimize all other aspects of our health and 
functioning to compensate; including identi-
fying and changing unhelpful assumptions 
and thinking styles.

In terms of factors more specific to PoTS, sup-
port can be targeted at:

a. Getting the delicate balance right of 
responding appropriately to, but not getting 
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Table A1

Skill Suggested techniques Rationale

Core CBT skills 
for identifying and 
challenging unhel-
pful thinking

Thought records, coping cards (summary of 
coping statements to use when symptomatic), 
behavioral activation, behavioral experiments, 
data gathering

Understandable tendencies towards catastro-
phizing, minimizing achievements, black and 
white thinking, future related thoughts, and 
learnt helplessness

Acute anxiety skills Psychoeducation, breathing skills, relaxation, 
visualization (including ‘turning down the dial’ 
of anxiety volume), defusing from emotions, 
refocusing/healthy distraction, self-soothing 
tool-kit. Treating any preexisting trauma which 
exacerbates difficulties

Mismatch between measurable physiology 
and self-reported experiences. Managing scary 
sensations including a racing heart, dizziness 
and brain-fog
Preventing unhelpful responses e.g. avoi-
dance or dissociation including conversion 
phenomena

Worry skills Decision trees, delayed ‘worry hours’ (inclu-
ding health anxiety/planning), generating alter-
native explanations with probabilities, rating 
importance of worries, challenging perfectio-
nism and control

It makes sense that the somatic symptoms 
of PoTS which mimic anxiety make emo-
tion-congruent memories and worrisome 
thoughts more accessible. Compensatory 
over-control in another aspects of life can 
develop

Adjusting to unpre-
dictability

Enhancing belief in capacity to cope with 
situations as they arise. Flexible planning, 
Acceptance and commitment based skills

Difficulty planning activities due to not kno-
wing how symptoms can generate  
‘learned helplessness’ and avoidance of 
making plans

Syncope and 
pre-syncope related 
skills

Skills in healthy body-scanning, counter-ma-
neuvers, life-style changes and ‘grounding’ 
(mindfully staying present),

The tendency to feel out of control, vulnerable 
and distressed by symptoms can cause lack of 
attunement to physical cues

Improved sleep Mindfulness for sleep strategies and sleep-hy-
giene

Patients report being ‘tired but wired’. Poor 
sleep is implicated in mood, anxiety, suicidal 
ideation and brain-fog

Pain management Mindfulness skills and behavioral activation PoTS patients report pain from migraine, 
coat-hanger pain and chest pain. Comorbid 
disorders such as hEDs are associated with 
significant additional pain

Interpersonal skills Appropriate assertiveness. Developing empa-
thic awareness and compassion. Revising 
expectations of others. Role play and ‘emp-
ty-chair’ strategies

Illness places strains on interpersonal relati-
onships. Preventing isolation is important for 
outcome. Socializing requires creative adap-
tions in lieu of fatigue and physical limitations

Managing grief and 
guilt

Psychoeducation, awareness and insight. Aim 
to ‘banish guilt’ and be compassionate of grief

Losses include of the anticipated future, 
passions, and trust in body. Guilt about effect 
of illness on others

Anger management Reframing anger as a helpful ‘flag’ of issues to 
resolve or let go. Always valid, but needs to be 
harnessed usefully

Often develops during period before diagnosis 
relating to not being believed, being misdiag-
nosed or feeling unsupported

Mindfulness 
(presence in the 
moment with curio-
sity, compassion 
and acceptance)

Meditation, body scanning, adapted yoga or 
tai-chi

Associated with improved energy, heart-rate, 
blood pressure and blood-sugar levels, inter-
personal skills, sleep and QoL

Consolidating 
advice and over-se-
eing behavior 
changes

Practical skills for usefully undertaking life-
style and daily planning (water, nutrition, medi-
cation, activities), motivation, priority setting, 
initiating action, & problem solving

Actively coordinating own care plan improves 
engagement and outcome. Without being 
integrated, advice from multiple specialists 
can feel overwhelming and lead to inertia/
helplessness

Continued
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Appendix

Summary of Mental Health 
Recommendations in PoTS

Patients with PoTS are at risk of experiencing at 
least modest depressive and anxiety symptoms, 
and are at significantly increased risk of expe-
riencing insomnia and suicidal ideation. They 
warrant and should have access to mental health 
assessment, treatment and support. We would 
advocate that:

– Given the likelihood of patients being referred 
to mental health professionals, they and allied 
disciplines should be educated about PoTS and 
how to refer appropriately if they suspect it.

– Most patients with long-term conditions 
would benefit from, and all should have ready 
access on request, to psychological support.

unjustifiable separation of somatic and psycho-
logical phenomena, and tailors treatment to the 
whole person in their wider social context.

Box 1: Common Themes in CBT for PoTS

• Coping with scary physiological sensations
• Adjusting to unpredictability (Acceptance)
• Identifying and changing unhelpful assump-

tion and thinking styles
• Strategies for switching off fight/flight mode/

dial turning
• Grief associated with loss of health and life 

changes
• Activity pacing
• Sleep difficulties
• Relationship difficulties
• Self-esteem, identity (values work) and 

 self-compassion and self-care
• Mindfulness—appropriate body scanning and 

emotional awareness.

Table A1 Continued

Skill Suggested techniques Rationale

Activity pacing Developing an appropriately flexible regime for 
slowly and appropriately escalating challenges, 
and self-reward. Listening to body rather than 
ploughing on to burn-out

Fatigue and limited energy make choosing 
the right activities to stay fit and to enjoy life 
without set-backs more challenging and more 
critical

Self-compassion, 
self-worth and 
self-care

Meditation skills, value-based living (rather 
than goal driven self-esteem), self-soothing

Capacity to be a good friend to oneself essen-
tial for making positive health choices and 
valuing oneself even when not able to meet 
previous goals or levels of productivity

Challenging illness 
identity

Keeping interests and activities rich, varied 
and in keeping with pre-illness self, limiting 
time on health-related matters, maintaining 
key relationships, recognizing and celebrating 
individuality and achievements

Managing appointments and health can begin 
to take up all time and energy, leaving patients 
feeling there is nothing else to them (further 
increasing isolation and despair)

Hope and positivity Cognitive reframing, focusing on positives, 
life-planning and prioritizing, and the thera-
peutic alliance itself (in generating hope)

The idea that when energy is compromised 
what really matters is brought sharply into 
focus, we potentially bring new appreciation 
and priorities to the fore in our day to day 
lives, which adds to and enriches pre-diagno-
stic lived experience
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tachycardia syndrome. Health Qual Life Outcomes. 
2016;14(1):144.

 4. Pederson CL, Brook JB. Health-related quality of 
life and suicide risk in postural tachycardia syn-
drome. Clin Auton Res. 2017;27(2):75–81.

 5. Kavi LN M, Low DA, Opie M, Nicholson LM, 
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postural tachycardia syndrome and their experience 
of healthcare in the UK. Br J Cardiol. 2016;23:33.

 6. Pederson CL, Blettner BJ. Sleep disturbance linked 
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dia syndrome. Nat Sci Sleep. 2017;9:109–15.

 7. Anderson JW, Lambert EA, Sari CI, Dawood T, 
Esler MD, Vaddadi G, et al. Cognitive function, 
health-related quality of life, and symptoms of 
depression and anxiety sensitivity are impaired in 
patients with the postural orthostatic tachycardia 
syndrome (POTS). Front Physiol. 2014;5:230.

 8. Mindfulness All-Party Parliamentary Group. Mindful 
Nation UK. 2015; Available from: https://themind-
fulnessinitiative.org.uk/images/reports/Mindfulness-
APPG-Report_Mindful-Nation-UK_Oct2015.pdf.
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Circulation. 2008;117(21):2814–7.

 10. Department of Health. Psychological assessment 
and treatment for medically unexplained symptoms 
and long-term conditions. 2009; Available from: 
https://arms.evidence.nhs.uk/resources/qipp/29417/
attachment.

 11. McGrady A, Kern-Buell C, Bush E, Khuder S, 
Grubb BP. Psychological and physiological fac-
tors associated with tilt table testing for neu-
rally mediated syncopal syndromes. Pacing Clin 
Electrophysiol. 2001;24(3):296–301.

 12. Raj V, Haman KL, Raj SR, Byrne D, Blakely RD, 
Biaggioni I, et al. Psychiatric profile and attention 
deficits in postural tachycardia syndrome. J Neurol 
Neurosurg Psychiatry. 2009;80(3):339–44.

 13. Khurana RK. Experimental induction of panic-like 
symptoms in patients with postural tachycardia syn-
drome. Clin Auton Res. 2006;16(6):371–7.

 14. Masuki S, Eisenach JH, Johnson CP, Dietz NM, 
Benrud-Larson LM, Schrage WG, et al. Excessive 
heart rate response to orthostatic stress in postural 
tachycardia syndrome is not caused by anxiety. J 
Appl Physiol (1985). 2007; 102(3):896–903.

 15. Ross AJ, Medow MS, Rowe PC, Stewart JM. What 
is brain fog? An evaluation of the symptom in 
postural tachycardia syndrome. Clin Auton Res. 
2013;23(6):305–11.

 16. Arnold AC, Haman K, Garland EM, Raj V, Dupont 
WD, Biaggioni I, et al. Cognitive dysfunction in 
postural tachycardia syndrome. Clin Sci (Lond). 
2015;128(1):39–45.

 17. Ocon AJ, Messer ZR, Medow MS, Stewart JM. 
Increasing orthostatic stress impairs neurocogni-
tive functioning in chronic fatigue syndrome with 
postural tachycardia syndrome. Clin Sci (Lond). 
2012;122(5):227–38.

– Introducing this support as early as possi-
ble is likely to be a very important factor in 
preventing QoL deterioration and associated 
secondary factors such as reactive depression, 
avoidance and physical deconditioning.

– Uptake and engagement is likely to be 
increased if therapeutic support is offered 
as part of standard treatment and is seen as 
endorsed by a medical consultant active in 
the patient’s care.

– CBT has a good evidence base in LTCs 
assuming a patient is motivated and has cog-
nitive capacity.

– Evidence supporting the value of 
Mindfulness-based CBT and ACT in the con-
text of chronic illness is increasing.

– These ‘third wave’ CBT approaches are 
likely to be helpful in appropriately modify-
ing vigilance to somatic changes, and tolerat-
ing the frustrations that come with ill-health, 
while continuing to engage in manageable 
activities which enhance QoL.

– Therapists with a good understanding of sup-
porting patients with chronic health issues, 
and experience with formulating and treatment 
in the context of multiple  co-morbidities, are 
most likely to benefit patients.

– It can be very challenging making all the nec-
essary life adaptations to live with PoTS. It 
can help patients to know that after the hard 
work of adjusting to what they cannot do and 
prioritizing and appreciating what they can 
do, many patients with PoTS report enjoying 
happy and fulfilling lives.
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PoTS in Primary Care

Lesley Kavi

Introduction

Disorders of the autonomic system can be dif-
ficult to diagnose in primary care as symptoms 
are often non-specific, wide-ranging and subtle. 
Patients frequently present to the primary care 
clinician with undifferentiated conditions and a 
high index of suspicion is required. In dysauto-
nomia, an increased or reduced/absent change 
between lying and standing heart rate or blood 
pressure can be the only examination findings. 
However, such orthostatic recordings may not 
be recorded at all (especially in younger people) 
or recorded over an inadequate duration of time, 
and consequently, these conditions can be easily 
overlooked.

PoTS was named and formally described in 
1993 and is not yet included in most medical 
school or GP training curricula. Informal polls 
of GPs around the UK conducted by the author 
at GP educational events revealed in 2014 that 
only 10–15% had heard of PoTS. This combi-
nation of lack of awareness and non-specific 
symptoms make it unsurprising that patients 
experience difficulty in obtaining a diagnosis (a 
mean of almost 4 years [1] from presentation 
to diagnosis and 7 years from symptom onset 

to diagnosis [2]). In only 7% of patients did the 
GP suggest that PoTS might be the cause of 
patients’ symptoms and in one fifth, the patient 
suggested their diagnosis to their healthcare 
professional [1]. In the UK, half of patients 
are initially given a psychological or psychi-
atric diagnosis such as anxiety, panic disorder, 
depression or hypochondriasis to explain their 
symptoms. This misdiagnosis occurs in a much 
higher proportion of female patients (75%) than 
male (25%) [1].

Investigation and management of PoTS has 
not been studied in the primary care setting and 
there are no current recognised care pathways.

When to Suspect PoTS

The more common symptoms of PoTS are a 
triad of lightheadedness, fatigue and palpitations 
[1, 3]. However, patients may experience a long 
list of non-specific symptoms similar to those 
listed as common ‘medically unexplained symp-
toms’ [4].

There should be a high index of suspicion in 
chronic fatigue syndrome; in one UK study 27% 
of CFS patients had PoTS [5]. PoTS is common 
in hypermobile Ehlers-Danlos syndrome and 
hypermobility spectrum disorder (previously 
known as joint hypermobility syndrome (JHS)) 
[6] and conversely, over 50% of patients with 
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majority of hospital consultants who have 
expertise in diagnosing and managing PoTS are 
cardiologists (often specifically heart rhythm 
specialists (electrophysiologists)), often working 
within a syncope or blackouts clinic. There are 
also medicine for the elderly consultants, neu-
rologists and paediatricians with an interest in 
PoTS.

There is a list of consultants with an interest 
in PoTS on the PoTS UK website www.potsuk.
org/specialists.

In many localities there is no service for 
patients with PoTS; this is especially problem-
atic for those who live in Scotland and Wales, 
and also for children and adolescents. Some 
consultants will accept ‘out of area’ patients, 
although patients often experience problems in 
achieving such referrals.

Managing PoTS in Primary Care

It is important to review current medication and 
consider stopping any drugs that may cause or 
contribute to symptoms. Culprits can include 
medication that raises heart rate or lowers blood 
pressure.

Self-management measures:

• Advise increased fluids and salt to increase 
blood volume (where there are no contraindi-
cations such as renal, cardiac or hypertensive 
disease) [7].

• Compression tights may be prescribed or 
purchased.

• Cautious resistance training and graduated 
supine exercise such as swimming, rowing 
or recumbent exercise cycling can be recom-
mended for some patients [7].

If physiological therapies fail to sufficiently 
improve symptoms, medication may be initiated. 
There are no drugs that are licensed for use in 
PoTS although some are familiar to GPs from 
their use in other conditions. Medications used 
in PoTS include low dose beta blockers, ivabra-
dine, fludrocortisone, midodrine, pyridostigmine 

PoTS have JHS [1] with some centres suggest-
ing that this percentage is higher.

Testing for PoTS in a Primary Care 
Setting

If PoTS is suspected, it may be necessary to 
exclude other conditions with similar symptoms 
such as anaemia, thyroid disorders, phaeochro-
mocytoma, Addison’s disease and other condi-
tions associated with orthostatic hypotension.

It can be helpful to undertake an active stand 
test in the consulting room. After taking a his-
tory that might suggest PoTS, it may be more 
practical to ask the patient to attend on a dif-
ferent day with a longer appointment, and to 
suggest that they do not plan to drive home as 
they may feel a little unwell if the stand test is 
positive.

It is only possible to accurately record around 
a maximum of 4 blood pressure recordings 
within one minute and ideally beat-to-beat moni-
toring of heart rate and blood pressure during a 
stand test would detect short-lived changes such 
as drops in blood pressure or periods of asystole. 
Such monitors are expensive to buy and maintain 
and it is unlikely that they will be available in the 
primary care setting. Furthermore, a GP is likely 
to be single-handed when undertaking such test-
ing and it can be difficult to continue to operate 
a manual or battery-operated sphygmomanom-
eter whilst a patient experiences  presyncope or 
 syncope. Therefore, if the stand test is incon-
clusive or it has been difficult to obtain reliable 
results and symptoms are strongly suggestive of 
PoTS, referral for tilt table testing in secondary 
care is recommended.

Organising blood tests, ECG and echocardio-
gram (if appropriate) can help to ensure appro-
priate referral.

Referral to Secondary Care

Referral to a secondary care physician with lit-
tle or no knowledge of PoTS can be a frustrat-
ing experience for the patient. In the UK the 

http://www.potsuk.org/specialists
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and clonidine. Modafinil may improve fatigue 
and cognitive dysfunction, but has the potential 
to worsen tachycardia [7]. GPs may be willing 
to initiate or continue to prescribe drugs after 
recommendation from secondary care. Some 
trusts operate shared care agreements for the 
less familiar drugs.

Hospital clinicians are sometimes not aware 
of medication that the patient is taking as pre-
scribed in primary care. If a new drug is ini-
tiated in secondary care, it is in the patient’s 
interests to check interactions in primary 
care using in-house consulting room software 
(e.g. by adding it to the patient’s record as a 
‘hospital issued drug’) and report any significant 
issues to the consultant. Some drugs, such as 
ivabradine, have the potential for teratogenicity 
and provision of reliable contraception and pre-
conception counselling may be necessary.

Patients with PoTS often have symptoms 
affecting many bodily systems and may also 
have associated conditions such as hypermobile 
Ehlers-Danlos syndrome/hypermobility spec-
trum disorder (see Chapter “Rheumatology and 
Postural Tachycardia Syndrome”), mast cell 
activation syndrome (see Chapter “Mast Cell 
Activation Syndrome (MCAS)”) or auto-immune 
conditions (see Chapters “Rheumatology and 
Postural Tachycardia Syndrome” and “Is PoTS 
an Autoimmune Condition?”) [7, 8]. As multi-
disciplinary teams to manage such conditions 
are not yet the norm in secondary care, the GP 
can have an important role in co-ordinating and 
rationalising services for and with their patient.

Such consultations can be complex and pro-
longed and, especially in the early stages of 
diagnosis and management, the provision of 
appointments that are longer than the traditional 
10 minutes may ease frustration for both doctor 
and patient.

Future Priorities

Research

The prevalence of PoTS is unknown. It has been 
estimated at 0.2% of the US population [7] and 

1 in 100 teenagers. Work needs to be undertaken 
to determine how common PoTS is in the UK 
population and a national registry may help to 
clarify prevalence, identify phenotypes and pro-
vide a basis for multicentre clinical research.

There are many unanswered questions in 
PoTS which include:

• Why there is a preponderance of PoTS in 
females, and why people aged 15–50 appear 
to be most affected

• The physiological mechanism(s) underlying 
PoTS, and in particular, one of the most disa-
bling symptoms, cognitive impairment

• The relationship between associated condi-
tions including CFS, vasovagal syncope, 
orthostatic hypotension and likely triggers 
which include viral illness, trauma, surgery 
and pregnancy

• The most effective physiological and pharma-
ceutical treatments for PoTS.

Research aimed at answering such questions, 
could assist the GP in identifying and managing  
affected patients.

Education

With limited knowledge of PoTS in primary 
care there is a need for inclusion of this subject 
in medical school and GP training curricula.
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Nurse-Led PoTS Clinics: 
A Framework

Melloney Ferrar and Helen Eftekhari

Introduction

The focus of this chapter is on the importance 
of the role nurses play in the delivery of care for 
people with PoTS within nurse led clinics, for 
example in a cardiology setting. Anecdotally, 
cardiology has historically been a specialist area 
with extensive experience of nurse-led clinics in 
the UK. The rationale for the transferability of 
nursing skills from these clinics to the care of 
people with PoTS is explored and the compe-
tencies required for delivering a nurse-led PoTS 
clinic are outlined. The main principles outlined 
could potentially be transferable to any special-
ity wanting to establish nurse-led care for people 
with PoTS.

In cardiology there are two main areas where 
specialist nursing has made significant contri-
butions to improving patient care and clinical 
pathways: nurse-led clinics, patient education 
with supportive self-management. Nursing has 
an important contribution to make in improv-
ing the care, support and management of people 

with PoTS. Nurse-led clinics are discussed in 
the context of advanced nursing practice, in 
line with current developments in the United 
Kingdom. We have used the framework for 
advancing nursing practice, combined with clin-
ical nursing experience of working with people 
with PoTS, to propose nursing competencies for 
delivering a nurse-led PoTS clinic.

Background

For the past two decades cardiology has led the 
way in developing nurse-led clinics for rapid 
access chest pain [1, 2], heart failure [3–5], 
palpitations [6] and atrial fibrillation. Studies 
confirm the positive impact on care that these 
clinics have had. In nurse-led rapid access chest 
pain, a retrospective 6 year study found that the 
clinic offered enhanced prevention focus with 
outcomes comparative to international studies 
[1]. Nurse-led heart failure clinics improve med-
ication management and adherence, and patient 
outcomes, whilst reducing the overall health 
care burden [3–5, 7, 8]. In atrial fibrillation 
management, arrhythmia nurse-led clinics have 
improved adherence to anticoagulation, reduced 
risk factors and improved quality of life associ-
ated with AF, whilst being cost effective [9–13].

As with all research in PoTS, there is lim-
ited literature available on nurse-led PoTS clin-
ics. The only study relating to nurse-led clinics 
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interventions. This research found overall car-
diac conditions had the highest number of pub-
lished studies in self-management (29%). Out 
of all of the self-management programmes, the 
cardiac interventions had the highest impact on 
improving quality of life, whilst reducing health 
care utilisation [18]. The components and for-
mats of self-management support interventions 
vary considerably, even across similar cardiac 
patient groups [20, 21].

To clarify what supportive self-management 
should comprise of, one study (PRISM) devel-
oped a taxonomy [19] of 14 core components 
for supported self-management. This included 
information and education on the condition, 
resources, monitoring, support in adherence to 
treatments, regular review, access to advice and 
support, including lifestyle support and sup-
port with psychological strategies. The corner-
stone of PoTS management is lifestyle changes, 
including good hydration and diet (Chapter 
“Non-pharmacological Management (Hydration, 
Diet and Compression)”), exercise (Chapter 
“Exercise Guidelines for Postural Tachycardia 
Syndrome”) management of fatigue (Chapter 
“Chronic Fatigue Syndrome”) and psycho-
logical well-being (Chapter “Psychological and 
Psychiatric Support; When, Why and What to 
do”). Nurses dealing with long term health con-
ditions, especially the cardiac conditions, often 
have the skills and are in an ideal position to 
support people with PoTS with self-manage-
ment interventions.

Evidence supports the positive impact of car-
diac nurse-led clinics in cardiac conditions and 
self-management support. A PoTS nurse-led 
clinic can improve clinical care and manage-
ment. The key to further support and develop the 
role of a PoTS nurse-led clinic is to improve the 
evidence base in this area through gathering and 
publishing outcomes.

Historically, cardiac nurse-led clinics are led 
by clinical nurse specialists. There is ongoing 
work in the UK and other countries on expand-
ing nursing roles, including developing clinical 
nurse specialists as advanced nurse practition-
ers [22–24]. In 2018 the Department of Health, 

and PoTS highlights the important contribu-
tion arrhythmia nurse-led clinics can make to 
increasing PoTS diagnostic rates. This can be 
achieved by recognising the symptoms and 
screening for PoTS through the simple active 
stand test. One study of a nurse-led palpita-
tions clinic found 5% of diagnoses made were 
of PoTS [14]. On average in the UK, it takes 
7 years to be diagnosed with PoTS [15] and 
experts agree upon the need for increased aware-
ness and diagnostic rates [16]. Arrhythmia 
nurses need to have an awareness of PoTS 
and be part of improving the diagnostic rates 
through screening within their general arrhyth-
mia clinics.

Increasingly, hospitals in the UK are support-
ing and commissioning two specific arrhythmia 
nurse-led clinics, the rapid access palpitations 
clinic [6] and the syncope clinic. By embedding 
the active stand test in the clinical assessment, 
both clinics ensure the arrhythmia nurse-led 
clinic is contributing to improving diagnostic 
rates of PoTS and the PoTS pathway, whilst 
reducing the length of time to diagnosis. It is 
essential when running any general arrhyth-
mia clinic to ensure there is robust screening in 
place for PoTS. Nursing assessment and support 
intensifies therapeutic interventions and surveil-
lance in the most complex patients.

Supportive Self-Management

Self-management programs have supported 
people with long-term conditions since the 
1980s [17]. Many of these have been studied in 
patients with cardiac and respiratory conditions, 
arthritis and diabetes [18]. Self-management is 
collaborative working between health-care ser-
vices and people who are managing and living 
with a long-term condition. Supportive self-
management refers to the interventions delivered 
by the health-care services to support these peo-
ple [19].

The NIHR (National Institute for Health 
Research) commissioned a systematic review 
and meta-analysis of self-management 
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Social Services and Public Safety published 
the UK National Advanced Nursing Practice 
Framework [25]. The document defines the four 
pillars of advanced nursing practice, bench-
marking the same pillars with the clinical nurse 
specialist role. The core distinction between 
a clinical nurse specialist or advanced nurse 
practitioner, in essence, is how autonomous the 
nurse’s practice is [25].

The four pillars of practice are:

• direct clinical practice
• education and learning
• leadership and collaborative practice
• research and evidence-based practice.

The following components of a nurse-led PoTS 
clinic have been developed from the competen-
cies in the advanced nursing practice frame-
work [25] and draw from the authors’ clinical 
experience.

Nurse-Led PoTS Clinic: Service 
Specifications

To provide a clinic-based service in which 
patients would be efficiently assessed and man-
aged requires:

• A lead consultant to provide a service over-
view for clinical governance purposes and 
lead the medico-legal dimensions of the 
service.

• Agreed pathway, protocols and referral crite-
ria for nurse specialist assessment.

• Clinical supervision arrangements agreed 
with designated consultant.

• Consultation duration agreed locally. We 
would suggest 45 minutes to 1 hour for new 
appointments and 20 minutes for follow up 
appointments.

• The appointment letter will outline the pur-
pose and duration of the consultation, so that 
the patient is aware of the time required for 
assessment.

(Morning appointments can be problematic 
for some patients, although not all nurse led 
PoTS services find this. Telephone clinics can 
help to resolve this problem).

• Appropriate nursing expertise for symptom 
assessment and risk stratification to develop 
a care plan according to symptoms and 
patient’s preferences.

• Effective IT and administrative support for 
timely communication with referring clini-
cian and general practitioner.

• New referrals require an ECG and 10-min-
ute active stand test, ideally conducted by a 
qualified technician and ideally phlebotomy 
for baseline, locally agreed, blood tests.

• Access to tilt table testing with a beat-to-beat 
blood pressure assessment system.

• Ensure pathways, job descriptions and proto-
cols revised regularly and kept up to date.

Direct Clinical Practice

A benefit to the structured approach detailed 
below is the co-ordination of appropriate refer-
rals to other specialist services in a timely manner 
with demonstrable inter-professional communica-
tion of agreed patient clinical outcomes.

History Taking and Risk Stratification 
to Include the Following:

• Transient loss of consciousness (T- LOC)/
pre-syncope / palpitations/chest pain/short-
ness of breath

• Identify when symptoms began and symptom 
triggers

• Other symptoms: sleep pattern/fatigue/
headaches/sweating/temperature regulation/
bowels/ bladder problems/rashes and other 
symptoms of Mast Cell Activation Syndrome 
(MCAS)

• Past medical history
• History of sudden adult death (unexplained 

sudden death under the age of 40) within the 
immediate family and other family history
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Strategies to Recognise/Avoid 
Potential Triggers Including

• Managing the effects of gravity, heat, 
menstruation

• Preventing venous pooling
• Daily activities—eating, exercise
• Pain
• Anxiety.

Referral for Delivery of Specific 
Therapeutic Interventions Delivered 
by Other Health Care Professionals

• Physiotherapy
• Occupational therapy
• Clinical Psychology
• Dietetics
• Orthotics.

Psycho/Social/Educational 
Information Support to Patients 
and Families

• Recommended information literature (PoTS 
UK, STARS, EDS Support UK) and tele-
phone support

• Support a self-management strategy with the 
transition from passive recipient to active 
participant

• Provide parental support where appropriate
• Discuss the benefits and pitfalls of using 

social media forums as a source of reliable 
information for PoTS management.

Medication Compliance

The nurse can play a significant role in help-
ing patients with PoTS manage their medicines 
carefully. Consideration needs to be made as to 
which aspect of managing medicines would best 

• Full medication history to include over the 
counter/herbal/recreational drugs—assessing 
the effect of drug therapies

• Allergies including drugs
• Dietary assessment (alcohol/meals/allergies/

intolerances/fluid and salt intake)
• Exercise—amount and type
• Occupational health, college/university, 

DVLA
• Assessment of mood following NICE 

Clinical guideline [CG90] Depression in 
adults: recognition and management https://
www.nice.org.uk/guidance/cg90

• Assessment of quality of life.

Physical Examination to Include

• Active stand test
• Assessment of venous pooling
• Assessment of joints using Beighton hyper-

mobility score/EDS diagnostic criteria.

Supportive self-management to deliver thera-
peutic interventions (for more details on spe-
cific interventions see relevant chapters of this 
book).

Lifestyle Management

• Fluids and salt—ensure consistency at every 
appointment

• Wearing of compression tights/stockings/
sports leggings

• Exercise advice
• Instruction in physical counter-pressure 

manoeuvres to avoid syncope/increase ortho-
static tolerance

• Dietary advice
• Joint management (see Chapter 

“Rheumatology and Postural Tachycardia 
Syndrome”).

https://www.nice.org.uk/guidance/cg90
https://www.nice.org.uk/guidance/cg90
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• Counselling
• IT and audit skills.

There is currently a climate within the UK to 
expand the role of the nurse to advanced nurse 
practitioner level. The PoTS specialist nurse 
ideally suits this model due to the wide area of 
responsibility and expertise required to fulfil this 
role.

Centres are strongly advised to invest and 
support nurses running PoTS clinics to under-
take Masters level courses and work towards 
advanced practitioner level.

Leadership and Collaborative Work

The key to a successful nurse-led clinic is a 
strong collaborative working relationship with 
a clinician who has an interest in PoTS. This 
collaborative working can then move forward 
towards a service providing expert consulta-
tion for medical and other staff, development 
of robust pathways, guidelines and protocols, 
the establishment of a formal MDT, and estab-
lishing effective methods for shared expertise 
and skills transference. This includes working 
with the primary care team to improve commu-
nication between specialist centres, improving 
support for people with PoTS, and improving 
awareness of PoTS. Collaborative working also 
feeds into the national picture, with PoTS ser-
vices supporting each other, working to improve 
the evidence base in PoTS, sharing work-
load and contributing towards development of 
guidelines.

Research and Evidence-Based Practice

Earlier in this chapter, the rationale behind a 
PoTS nurse-led clinic was discussed; however, 
the actual evidence base for a nurse-led PoTS 
clinic is limited and further information need to 
be gathered to validate and refine this.

Audit is key to ensuring that patients’ needs 
are met, and that standards of care improve. 

suit the patient. Compliance can be achieved 
using the following strategies:

• Initiation and education on how to take, mode 
of action, timings, side effects

• Contraception/pregnancy avoidance advice in 
relation to the medication used

• At follow up: adjusting medicines to suit 
patient’s needs

• Identify side effects, intolerances and 
allergies

• Monitoring safety of medications—appro-
priate checks on long term therapies (such 
as Midodrine, Octreotide, Ivabradine, 
Fludrocortisone) with 24-hour Holter and 
24-hour blood pressure monitoring and rel-
evant blood tests as needed.

• Management of medicines can be achieved, 
for example, through patient group directions 
(PGDs) to supplementary and independent 
prescribing.

• Liaising with primary care physicians 
on the long-term prescribing of medica-
tion to improve local access to therapeutic 
medication.

Education and Learning

In a nurse-led PoTS clinic there are two areas to 
address in education and learning: the indi-
vidual nurse education and education of other 
health care professionals on PoTS diagnosis 
and management. The nurse has a responsi-
bility to increase awareness of and improve 
the management of PoTS either through 
opportunistic teaching or formal teaching 
sessions.

Individual Recommended Skills

• Health Assessment Course
• Teaching qualification
• Interpretation skills in ECG/ active stand test/

tilt table test/24-hour holter and blood pres-
sure monitoring/blood tests

• Non-medical prescribing
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 3. Cheng HY, Chair SY, Wang Q, Sit JW, Wong EM, 
Tang SW. Effects of a nurse-led heart failure clinic 
on hospital readmission and mortality in Hong 
Kong. J Geriatr Cardiol. 2016;13(5):415–9.

 4. Stewart S, Chan YK, Wong C, Jennings G, Scuffham 
P, Esterman A, et al. Impact of a nurse-led home 
and clinic-based secondary prevention programme 
to prevent progressive cardiac dysfunction in high-
risk individuals: the Nurse-led Intervention for Less 
Chronic Heart Failure (NIL-CHF) randomized con-
trolled study. Eur J Heart Fail. 2015;17(6):620–30.

 5. Smith CE, Piamjariyakul U, Dalton KM, Russell C, 
Wick J, Ellerbeck EF. Nurse-led multidisciplinary 
heart failure group clinic appointments: methods, 
materials, and outcomes used in the clinical trial. J 
Cardiovasc Nurs. 2015;30(4 Suppl 1):S25–34.

 6. Scott PA, Appleford P, Farrell TG, Andrews NP. A 
nurse-led palpitations clinic: a 2-year experience. 
Postgrad Med J. 2010;86(1011):3–7.

 7. Driscoll A, Srivastava P, Toia D, Gibcus J, Hare DL. 
A nurse-led up-titration clinic improves chronic 
heart failure optimization of beta-adrenergic recep-
tor blocking therapy–a randomized controlled trial. 
BMC Res Notes. 2014;7:668.

 8. Thompson DR, Roebuck A, Stewart S. Effects of 
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J Am Heart Assoc. 2018;7(23):e010414.
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Singleton CB, McGavigan AD. A randomised 
controlled trial on the effect of nurse-led educa-
tional intervention at the time of catheter ablation 
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severity and rehospitalisation. Heart Lung Circ. 
2017;26(1):73–81.

 11. Qvist I, Hendriks JM, Moller DS, Albertsen AE, 
Mogensen HM, Oddershede GD, et al. Effectiveness 
of structured, hospital-based, nurse-led atrial fibril-
lation clinics: a comparison between a real-world 
population and a clinical trial population. Open 
Heart. 2016;3(1):e000335.

 12. Hendriks JM, Vrijhoef HJ, Crijns HJ, Brunner-La 
Rocca HP. The effect of a nurse-led integrated chronic 
care approach on quality of life in patients with atrial 
fibrillation. Europace: Eur Pacing, Arrhythmias, 
and Cardiac Electrophysiol: J Working Groups on 
Cardiac Pacing, Arrhythmias, and Cardiac Cellular 
Electrophysiol Eur Soc Cardiol. 2014;16(4):491–9.
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Vrijhoef H. Cost-effectiveness of a specialized 
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with atrial fibrillation. Europace: Eur Pacing, 
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This begins with monitoring activities, outcomes 
and quality of care through ongoing data col-
lection and acquiring additional retrospective 
data that may be retrieved through information 
technology (IT) departments. Consider explor-
ing demand and capacity figures. Measuring 
active stand measurements over a period of time, 
adherence to medication, effectiveness of pre-
scribing practices and quality of life measure-
ments may be helpful.

Important tools for subjective measure-
ments should include a validated quality of life 
tool and a patient satisfaction survey. In PoTS 
research studies, the most commonly used vali-
dated quality of life measures include generic 
quality of life tools like the short-form 36 
(SF36), EQ5D or the autonomic nervous system 
questionnaire (ANSQ). Although not PoTS spe-
cific, the ANSQ tool has been validated and used 
in PoTS research [26–30]. Through audit and 
collection of objective and subjective measure-
ments, the evidence base for PoTS and nurse-led 
clinics can be better established.

The 2015 Heart Rhythm Society guidelines 
on vasovagal syncope, inappropriate sinus 
tachycardia and PoTS includes management 
recommendations [31]. One IIB recommenda-
tion is that “Patients with PoTS might be best 
managed with a multidisciplinary approach.” 
While aspirational, there currently is insuffi-
cient evidence to support this as a higher rec-
ommendation. Nurse-led clinics and supportive 
self-management within the cardiology setting 
in other cardiac conditions have anecdotally 
been shown to be effective. Therefore, centres 
implementing a nurse-led clinic for managing 
people with PoTS need to gather evidence on 
the effectiveness and cost effectiveness of this 
service delivery model.
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Introduction

The postural tachycardia syndrome (PoTS) is 
an autonomic condition that may cause sig-
nificant morbidity and impairment of quality 
of life. It often is associated with multi-system 
involvement and multiple co-morbidities [1, 2]. 
The pathophysiological basis can include the 

interrelationship between autonomic, biochemi-
cal, genetic and environmental factors. This can 
result in different subgroups with important and 
at times subtle clinical differences with diver-
gent responses to treatment. Contributory fac-
tors in PoTS could include neural involvement 
(with a limited autonomic neuropathy possibly 
of autoimmune basis), physical decondition-
ing, chronic hypovolemia, hyperadrenergic tone, 
impaired cerebral autoregulation and genetic 
mutations [1].

The complexity of multi-system conditions 
such as PoTS requires an accurate approach 
to evaluate the aetiology and pathophysiology 
(which often is heterogeneous), and depending 
on the contributory issues the need for holistic 
management [1, 3].

Detailed autonomic assessment in PoTS, 
including the evaluation of haemodynamic 
autonomic responses to daily stimuli is impor-
tant in establishing definitive diagnostic criteria 
(Fig. 1). Management, in addition to non-phar-
macological measures may need a multi-step 
pharmacological approach and especially in 
severe cases specific targeting, including medi-
cation such as Octreotide to reduce post prandial 
exacerbation of postural tachycardia and orthos-
tatic intolerance [1] (Fig. 2).

The differences in pathophysiology and 
multi-systemic involvement can affect all 
stages of care, and at the Autonomic Unit 
at the National Hospital for Neurology and 
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Fig. 1  Changes in heart rate and blood pressure asso-
ciated with various stimuli in a patient with PoTS. a 
Changes observed during standing, as well as before 
and after a graded supine cycling exercise. b Changes 
observed while supine and during head-up tilt, before 
and after ingestion of a balanced liquid meal. The 
patient’s blood pressure (top line, systolic blood pres-
sure; bottom line, diastolic blood pressure) and heart 

rate responses to exercise are preserved, but while stand-
ing after exercise (even 10–15 min later) the heart rate 
remains elevated and above the rate measured before 
exercise. A greater rise in the heart rate is observed on 
head-up tilt after ingestion of the meal, compared with 
the rate during head-up tilt before the meal. Abbreviation 
PoTS, postural tachycardia syndrome [5]
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Diagnostic evaluation and management of PoTS
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Fig. 2  Diagnostic evaluation and management of PoTS 
including the standard autonomic evaluation (Head up 
tilt and standing tests), allied investigation to exclude 
secondary pathology [5], and skin biopsy to define the 
Neuropathic phenotype and the collagen pathology [7]. 
Patients who are negative on standard autonomic inves-
tigation are investigated with liquid meal and exercise 
challenge tests, which are also informative in terms of 

pathophysiology, indicating predominant splanchnic 
hyperemia and pooling in the muscle vascular beds after 
exercise. The autonomic cardiovascular investigation 
is crucial in tailoring the patients management. Patients 
who do not response to first and second line treatment 
and with evidence of splanchnic hyperemia (liquid meal 
challenge test with and without octreotide) can benefit 
from octreotide
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exacerbate orthostatic intolerance, and are of 
particular importance in those who initially do 
not meet the PoTS criteria on HUT or stand-
ing, but in whom the diagnosis is likely. In them 
PoTS features can be worsened by stimuli in 
daily life, such as food ingestion, exertion and 
heat. Assessing the haemodynamic responses to 
these daily life stimuli is of importance in the 
diagnosis of PoTS and determining which fac-
tors are of relevance (Fig. 1), especially with 
management.

24-hr autonomic profiles using ambulatory 
monitoring of blood pressure and heart rate 
using the protocol devised in our department, 
with a diary that details the times of prescribed 
exercises and manoeuvres, ascertains valuable 
information in the daily life of patients with 
PoTS and other autonomic conditions (Fig. 3).

In subgroups, non autonomic investigations 
and evaluations may be indicated to exclude 
secondary pathology. These may include echo-
cardiography in suspected mitral valve prolapse, 
neuroimaging of cranio-cervical junction to 
exclude Chiari malformation, thermal threshold 
studies in possible small fibre neuropathy, and 
psychological assessment. Depending on the 
patient’s clinical features, urinary bladder, gas-
tro-intestinal and pelvic investigations may also 
be needed [1].

Each case is reviewed by the MDT which 
consists of autonomic consultants, clinical 
autonomic scientists and autonomic specialist 
nurses, resulting in a comprehensive evaluation 
of each PoTS patient from different points of 
view tailored to the needs of the individual.

Following MDT evaluation, if a diagnosis of 
PoTS is confirmed, patients are invited to a man-
agement clinic led by a specialist nurse. These 
are group clinics aimed at providing the patients 
with an educational session exploring non-
pharmacological strategies that include exercise 
management.

Once non-pharmacological approaches are 
established, if needed drug treatment is tailored 
to each patient, guided by symptomatology, phe-
notype and the cardiovascular autonomic profile 
[1, 4] (Fig. 2).

Neurosurgery we have adopted a multi-disci-
plinary team (MDT) approach, with an estab-
lished care pathway for patients with different 
autonomic disorders that includes PoTS. This 
is especially so in PoTS and in particular those 
with multi systemic involvement.

Patient Care Pathways for PoTS: The 
MDT Approach

In our tertiary referral centre patients with 
autonomic disorders are seen by consult-
ants with an extensive and broad experience 
in different types of autonomic disorders. In 
addition there are specially trained clinical 
autonomic scientists who are essential for pre-
cise and individualised investigation. There are 
experienced specialist nurses to ensure stream-
lined care.

The patient pathway in the Autonomic 
unit at National Hospital for Neurology and 
Neurosurgery (NHNN) includes an initial con-
sultation with an autonomic consultant, to 
determine if there is multi-domain autonomic 
involvement (cardiovascular, sudomotor, blad-
der and GI tract, amongst others), to focus on 
appropriate autonomic evaluation followed by 
targeted treatment [1].

Patients are assessed with a range of auto-
nomic cardiovascular tests and sudomotor assess-
ment, both in the laboratory and also in the home 
[3]. This quantifies the degree of autonomic dys-
function, determines if there are factors which 
can overlap and affect autonomic dysfunction, 
and helps to establish phenotypes of PoTS in 
relation to probable pathophysiology (Fig. 2).

Details of the different autonomic investiga-
tions have been described in detail. The initial 
focus of investigation should be on cardiovas-
cular autonomic function, and in particular to 
exclude disorders that cause autonomic failure, 
some from a fixed and irreversible lesion.

The cardiovascular responses to head up tilt 
(HUT) and standing are key diagnostic tests to 
identify PoTS, and contributors to orthostatic 
tolerance at our centre. A number of factors can 
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gastroenterologist, uro-neurologist, sleep spe-
cialist, psychologist and rheumatologist, and 
ideally in those with previous experience in 
dealing with autonomic conditions.

At University College London Hospital 
(UCLH) and at the Autonomic Unit at the 
NHNN, clinicians with different specialisations 
and expertise are part of a network that address 
patient needs on different aspect of their care.

Multi-Systemic Disorder

Given the considerable variability in both 
pathophysiology, patient characteristics, and 
the associated condition the joint hypermobile 
form of Ehlers-Danlos syndrome (EDS), we 
recognise that although an autonomic physi-
cian manages key aspects of PoTS, co-ordina-
tion with specialists offering differing expertise 
is often are required. This could include a 

Fig. 3  Blood pressure and heart rate profiles dur-
ing 24-h ambulatory monitoring using the London 
Autonomic Units protocol. a Profile from a healthy 
individual. b Profile from a patient with PoTS. The 

elevations in heart rate observed in the patient with 
PoTS were mainly related to periods of being upright. 
Abbreviation: PoTS, postural tachycardia syndrome [6]
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the past have been considered to have “medi-
cally unexplained symptoms’’. More knowledge 
is needed to better define the varying PoTS phe-
notype, to dissect genetic components, and link 
these with differing therapeutic strategies, espe-
cially in complex and resistant cases. Our expe-
rience in a tertiary referral centre over the last 
2 decades confirms that the MDT approach to 
PoTS, results in an earlier and definitive diagno-
sis and in individualised management with posi-
tive patient outcomes.
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The Impact of a MDT Approach 
in Diagnosis and Management 
of PoTS

MDT evaluation at a tertiary referral centre such 
as ours has resulted in phenotyping of PoTS 
patients with a quantitative assessment of the 
autonomic nervous system, and this aids devel-
opment of a targeted treatment plan.

Patients return for at least 2 follow up consul-
tations, depending on their response to treatment 
and to refine management strategy if needed. 
The MDT approach, in addition to beneficial 
patient outcomes after optimisation of therapy 
should be associated with reduced healthcare 
costs, both primary and secondary.

When to Refer to a Tertiary Referral 
Centre?

1. To confirm the diagnosis of PoTS and deter-
mine associated features that influence 
symptoms.

2. To establish the phenotype in PoTS.
3. To improve management in PoTS not respon-

sive to non-pharmacological approaches.
4. For PoTS patients in whom orthostatic tachy-

cardia and symptoms are likely to be worse 
after daily stimuli such as food ingestion, 
exertion and heat, and to aid different treat-
ment schedules and strategies.

5. For PoTS patients with severe or debilitating 
symptoms not responding to standard treat-
ment and who may need autonomic inpatient 
rehabilitation. This enables objectively quan-
tifying exercise tolerance and closely moni-
toring response during rehabilitation.

Concluding Remarks

The evaluation and accurate diagnosis of auto-
nomic dysfunction continues to be challenging, 
particularly in PoTS patients, many of which in 
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The Management  
of PoTS in a District 
General Hospital, 
A Personal View

Diane Bruce

Introduction

Most individuals with autonomic dysfunction 
suffer with symptoms which may have a poten-
tial cardiac cause. In an audit of patients attend-
ing my specialist secondary care cardiac clinic, 
the top three most frequently presenting com-
plaints were rhythm disturbance, syncope/pre-
syncope and fatigue/exercise intolerance. This 
finding was independent of the referral source 
and included patients referred from the emer-
gency department (ED).

The Role of the Cardiologist

A cardiologist is very well-placed to see and 
manage this group for a number of reasons. 
They are experienced in rhythm management, 
its investigation and treatment. We also manage 
disorders of blood pressure on a daily basis. The 
exclusion of sinister causes of such symptoms is 
very important. For example, in our clinic cohort 
we have three patients who were found to have 
both PoTS and Long QT Syndrome (LQTS), 
previously unrecognised. Referral to clinical 

genetics confirmed evidence of familial LQTS 
and hypermobile EDS. Occasionally patients 
may have a co-existing cardiac diagnosis such 
as a re-entry tachycardia requiring a referral to 
electrophysiology.

Cardiologists have access to imaging and 
physiological tests such as exercise testing and 
cardio-pulmonary exercise testing. It is an inter-
esting point however that within the large cohort 
of patients seen in our service, no significant 
echocardiographic abnormalities have been 
found other than mild mitral valve prolapse and/
or mild dilatation of the aortic root. Very occa-
sionally a slightly low left ventricular ejection 
fraction (LVEF) has been noted, although no 
significant findings on subsequent cardiac MRI 
have been found and often with improvement on 
serial echos. It may be that a rapid resting rate 
will confound measures of LVEF.

Ideally, in view of the wide array of systems 
affected by autonomic dysfunction, it is prefer-
able to have experience in general medicine.

The “goal” for the doctor is to help the 
patient back to a normal life for them, using 
both non-pharmacological and pharmacologi-
cal treatments [2]. They can be managed as 
 out-patients in most circumstances. In our 
cohort, patients have never required admission.

Very rarely, a patient may require a more 
invasive approach, such as the need for an 
implantable loop recorder (ILR), to facilitate 
the diagnosis of syncope for instance, or an 
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Admission avoidance is a top priority for most 
healthcare organisations.

Referral Sources

Patients may be referred from a variety of 
sources; initially our referrals came from cardi-
ology colleagues who had failed to find a car-
diac explanation for their patient’s symptoms. 
However, with spreading knowledge, general 
practitioners, ED consultants and other inter-
nal medicine colleagues began to refer patients 
because of ‘medically unexplained symptoms”. 
After interacting with social media and support 
groups, patients began to request a referral from 
their GP. The key to identifying more patients 
where an autonomic problem is underlying was 
through the education of colleagues, particularly 
those working in “frontline” areas. Our team of 
advanced cardiology nurse practitioners have 
quickly become adept at recognising patients in 
ED or on cardiology ward rounds.

Going Live with the Service

Our service was facilitated by changes to our 
general cardiology outpatients’ service. Patients 
with autonomic problems such as inappropriate 
sinus tachycardia, PoTS or syncope/presyncope 
were diverted into one of two four hour clinics 
run by a single consultant with ad hoc support 
from the team of cardiology specialist nurses. 
The investigations required for this group were 
all located within cardiology. We no longer have 
tilt table and autonomic function testing on site, 
but we refer to a nearby hospital, as required.

Currently our service accepts referrals from 
Dorset, (population 425,000), Hampshire (popu-
lation 1.37 million) and Wiltshire (population 
480,000). At times, referrals are accepted from 
‘out of area’ but this can prove difficult with 
arranging investigations and can affect waiting 
times for local patients. This sometimes led to 
closing to referrals out of area until the waiting 
times for appointments improved.

electrophysiological study to investigate an 
SVT; an ILR was implanted in less than 0.2% of 
patients in our cohort.

So far in our cohort, two patients have pro-
ceeded to pacing for significant pauses (>10 s) 
associated with a syncopal episode. However, 
both were counselled to the effect that the cause 
of syncopal events in dysautonomia is often 
multifactorial, with both bradycardia and hypo-
tension, and that pacing would not necessarily 
be a “cure”. Both patients continue to have epi-
sodes unfortunately.

The running of a PoTS service lends itself 
to doctors and other practitioners working 
 part-time; indeed, by not having duties associ-
ated with ward rounds and on-call, the clinician 
can focus more on the expansive needs of this 
patient group.

Developing a PoTS Service

In persuading colleagues and managers that a 
specialist PoTS service is not only desirable 
but necessary, one needs evidence that these 
patients exist within the provider group, but 
also that investment of the clinical time and 
effort will produce results, reducing unplanned 
attendances, admissions and repeated investiga-
tions. One patient seen in our department had 
attended the ED over a hundred times before 
reaching a diagnosis of autonomic dysfunc-
tion. Subsequently, after diagnosis, he has only 
attended twice in the last six months.

It is appropriate to highlight to managers and 
commissioners that these individuals are already 
in the system within the hospital and often are 
referred back multiple times due to persistently 
unexplained symptoms. General practitioners 
often struggle to know which sort of specialist to 
approach next. By initiating a specialist clinic, 
one is simply “streamlining” and facilitating a 
more holistic approach for these patients. Patient 
choice and “cost-neutral” can be useful terms 
to include in any proposals. Examples of other 
specialist services such as Atrial Fibrillation or 
Syncope Clinics may be used as an illustration. 
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Arranging both a morning and an afternoon 
clinic is desirable as some patients find it eas-
ier to travel and attend at certain times of day, 
especially if they are unable to drive. Contacting 
patients by telephone 48 hours beforehand 
reduced non-attendance rates. Ideally any nec-
essary investigations are carried out prior to the 
consultation, so that results are available at the 
first consultation. All our new patients have a 
12 Lead ECG and seven-day ECG monitoring 
to assess the burden of arrhythmia, a 24 hour 
ambulatory BP monitor and a transthoracic 
echocardiogram. If these have been carried out 
within the last 12 months by other practitioners, 
there is no need for them to be repeated unless 
there has been a significant change in symptoms.

Allowing adequate time to take a full and 
detailed history cannot be over-emphasised; we 
allow one hour per patient. Our patients have 
usually had years, if not decades, of problems, 
that have been unexplained [3] and understand-
ably many feel angry, dissatisfied and disil-
lusioned. We emphasize that there may still be 
much to discuss and further outstanding infor-
mation can be obtained at subsequent appoint-
ments. We hope they feel valued with this 
approach. We encourage patients to bring a part-
ner or relative; it helps with obtaining a family 
history and the details of syncopal episodes, for 
example.

History Taking

Patients with autonomic problems have numer-
ous symptoms which can be very variable; we 
concentrate on their “Top Three” symptoms, to 
focus the dialogue in the “here and now” before 
going on to a more extensive medical history. 
Early life medical history can offer useful clues 
to any underlying pre-disposition to dysauto-
nomia. Finding out about prolonged periods of 
school/college absence is vital. “Trigger” fac-
tors, physical, mental or emotional, should be 
sought; many patients will not raise these issues 
unless specifically asked. We often ask “When 
do YOU feel that you were last well”; this is 

often pertinent as many patients cannot recall 
ever having felt well!

It is not uncommon for patients to have had 
dissociative episodes. Many are reluctant to 
divulge information about these unless probed 
but feel very relieved when it is covered. A full 
dietary history can provide valuable insight and 
again needs a sensitive approach. Sleep and any 
disruption of sleep pattern is also important.

Physical Examination

The physical examination should include the 
identification of possible joint hypermobility 
examining the skin for “extensibility”, stretch 
marks and abnormal scars. Flushing and urti-
caria may also be relevant. Acrocyanosis of the 
hands and feet should be documented.

In addition to the standard cardiovascular 
examination, we also measure heart rate and 
blood pressure supine and after five and ten min-
utes of upright posture. Asking the patient to 
place their hands on the back of a chair for sup-
port can be useful to maintain safety. Encourage 
them to report any light headedness or the need 
to sit or lie down.

Patients often have lots of questions they feel 
need answering and it is worth having a selec-
tion of useful patient leaflets available (such as 
those from PoTS UK, STARS, EDS UK and 
Mast Cell Action). One needs to highlight that 
Classical or Vascular-Type EDS are rare and 
almost never found.

Making a clear plan for follow-up is vital. 
The trend to try to keep outpatient follow up to 
a minimum is difficult to apply to this group of 
patients.

Autonomic dysfunction is not a “quick-fix” 
and a range of treatment modalities may be 
used over time. Ideally the next appointment 
should be within three months and the patients 
encouraged to monitor changes in their symp-
toms with treatments, including lifestyle meas-
ures and pharmacological therapy. It cannot be 
 over-emphasised that the investment of time in 
this first consultation reaps benefits by allowing 
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time to encourage them to discuss their symp-
toms and to listen to their “version” which may 
differ from their parents! More often than not, 
several family members may have similar symp-
toms, perhaps related to hypermobility. There is 
a distinct lack of local support groups for peo-
ple of this age group. Many are inappropriately 
referred to adolescent mental health services 
waiting months for assessment.

The Role of Other Practitioners

Cardiologists working with PoTS patients soon 
need to diversify and call on wider general med-
ical knowledge. Many have issues affecting their 
gastrointestinal and urological systems and may 
also have skin/allergy problems. Building up a 
team of interested and sympathetic colleagues 
is important. Multidisciplinary meetings with 
neurology and the ED are particularly useful. 
Presenting case studies at wider meetings can be 
useful in making other specialties aware of this 
group of conditions.

Exercise is an important part of the treatment 
plan and one must explore the services available 
locally. A scheme called “Move to Improve” 
exists in our local Rheumatology Department 
and has had fantastic results for our patients. 
Our Cardiac Rehabilitation service also has a 
“Keep Well” scheme with exercise prescription 
and healthy lifestyle advice which is also prov-
ing beneficial.

Caring for the Carers

Working in this type of service is extremely 
rewarding but also challenging. Even col-
leagues within the department may appear dis-
interested because of the multiple symptoms 
and  co-morbidities. Often these patients are 
thought of as “difficult”. My personal view is 
that the cardiologist should only work part-time 
in this field and also have another role within the 
department. Delegating uncomplicated patients 
back to the original referrer or a specialist nurse 
helps to keep the service open to new referrals. 

time to educate the patient and their family 
about their condition and how best to manage it.

Our clinic is designed such that it has no 
more than two new patient consultations in 
any one session with up to four follow ups. We 
see a further two new PoTS referrals from the 
ED most weeks in a separate service (ambu-
latory cardiac clinic). Our clinic at the Royal 
Bournemouth Hospital has been running for 
almost five years now with around 300 new and 
500 follow up patients each year.

The specialist nurses support the doctor 
working within the clinic, sitting in on clin-
ics providing a part-time support role seeing 
patients for follow-up. They also provide tel-
ephone review and will answer patient emails. It 
is vital that the time spent dealing with patients 
by phone or email is documented so that it can 
be included in job planning. There is a signifi-
cant workload in terms of administrative duties 
which must be recognised such as replying to 
phone calls, and writing letters of support for 
schools, colleges, and welfare assessments.

Children and Adolescents 
with Dysautonomia

This group of patients is currently not 
 well-provided for in the UK for a variety of 
reasons, yet PoTS/vasovagal syncope does 
occur in children and adolescents; puberty 
may often “kick start” the disorder. On a posi-
tive note, with appropriate support, PoTS may 
be a less chronic, more self-limiting disorder 
in this age group [4]. Our service sees patients 
from 13 years and older, usually referred by 
paediatricians.

Training in Safeguarding and Paediatric Life 
Support Training are vital. Patients under 16 
requiring cardiac investigations are referred on 
to another local trust.

We recommend, when possible, arranging a 
multidisciplinary meeting with the referring pae-
diatrician to discuss the patients and to formu-
late a treatment plan.

It is important to allow more time for con-
sultations involving young people as it can take 
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Summary

There is increasing acceptance of the need to 
manage chronic conditions such as PoTS and 
related disorders of autonomic function in the 
world of health care. This can only improve 
the lives of the patients who struggle with auto-
nomic symptoms but also empower the special-
ist teams looking after them.

The provision of a local service in every dis-
trict hospital, which accepts the reality of PoTS 
and associated disorders and provides care and 
hope for everyone facing the life-changing sce-
nario of autonomic symptoms, must truly be the 
vision of all of us working in this field.
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Many patients are reluctant to be discharged 
but that is important, as is having an “open door 
policy”. In our service, a registered patient can 
“self-refer” back within six months. We refer 
to tertiary centres for advice and guidance if a 
patient is not progressing as one expects.

Occasionally one may see patients who 
have many features of PoTS but something is 
“not quite right”. We had three patients who 
clinically had PoTS but inflammatory markers 
were high and they did not seem to improve as 
quickly as expected on initial therapy. All three 
developed lymphomas within weeks of their ini-
tial review despite there being no obvious signs 
of a haematological malignancy at presenta-
tion. One must always be alert to the threat of 
misdiagnosis.

There are usually very few other special-
ists in this field in any one region. By attend-
ing clinical meetings with other specialist 
colleagues, one gets reassurance about one’s 
own practice. Holiday cover for the service 
and “succession planning” must be discussed 
once the service is established. Obviously not 
all patients with dysautonomia can be seen by 
a single practitioner, and it can be helpful to 
educate colleagues at every possible opportu-
nity. PoTS and other dysautonomias are not 
uncommon and remain eminently treatable; the 
lives of these patients and their families can be 
improved, sometimes by even the most basic of 
therapies, and this is surely a worthy message to 
disseminate.
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A Tertiary Hospital 
Cardiology Model of Care

Nicholas Gall

Previous chapters in this textbook have detailed 
the complexity of PoTS in view of its relatively 
recent discovery and indeed its definition which 
describes a significant aspect of the physiol-
ogy although whether that remains the sole and 
major driver to the condition remains uncer-
tain. Details relating to the complexity of the 
pathophysiology, differing presentations and 
widespread effects have also been discussed. It 
is clear that, in understanding the management 
of this condition both in the UK and with col-
leagues around the world, there is no single, 
successful model for the assessment and man-
agement of this group of patients. As the condi-
tion seems to associate with a number of other 
conditions it may be managed in many different 
settings. It seems likely to have an autonomic 
neurological basis but presents significantly 
with cardiovascular symptoms and therefore 
it may present to cardiologists or to autonomic 
neurologists in most part. Provision of auto-
nomic neurology in the UK certainly is limited 
and therefore in most part it will tend to present 
to cardiologists. Much of the symptomatology 
relates to palpitation, presyncope and syncope 
and in association with the sinus tachycardia, 
it often presents to cardiac electrophysiologists 

with questions relating to whether there may be 
an underlying arrhythmic problem leading to 
syncope associated with a risk of sudden cardiac 
death; alternatively palpitations with a possibil-
ity that a supraventricular tachycardia may be 
relevant are also raised.

It was on this basis that the PoTS unit based 
at King’s College Hospital developed. While 
a number of the patients presenting described 
frequent ectopic beat-related palpitation, much 
of the presentation seemed to relate to tachy-
cardia and therefore the question of an SVT 
was paramount. Patients were therefore seen in 
the clinical electrophysiology clinics. It became 
increasingly clear that the presentation, while 
occasionally highlighting frequent ectopy or 
SVT, mostly related to the findings of an inap-
propriately fast sinus tachycardia. We took a 
particularly cardiological view to investigate 
the symptoms, undertaking an echocardiogram 
to exclude structural heart disease, several days 
of Holter monitoring to investigate the tachy-
cardia profile and in an attempt to exclude sig-
nificant arrhythmia, a cardiopulmonary exercise 
test in view of the presentation with chest pain, 
breathlessness and fatigue and the tilt test/active 
stand to investigate the autonomic orthostatic 
haemodynamics. We have the advantage of in-
house autonomic neurology so that more com-
plex symptoms could be investigated with more 
formalised autonomic function tests to inves-
tigate more significant autonomic neuropathic 
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indeed that is now enshrined in local South-East 
London guidelines. In general, the assessment 
of patients taking their first dose of medication 
tends not to highlight any significant adverse 
cardiovascular consequences but provides reas-
surance particularly for patients and primary 
care physicians who are not familiar with these 
medications.

We have taken a multidisciplinary approach 
to the management of our patients, as while they 
may present predominantly with cardiovascular 
symptoms, as is obvious from the chapters in 
this book, there do seem to be many associated 
conditions and symptoms. Patients are often par-
ticularly symptomatic in multiple territories and 
merely focusing on the haemodynamic changes 
does not necessarily lead to enormous sympto-
matic benefit. In that regard, therefore, we have 
developed links with a number of specialists 
both in our hospital and in others, in an effort 
to deal with these more widespread symptoms. 
There do seem to be very characteristic sympto-
matic conditions in a number of organ systems 
and we have developed links with like-minded 
physicians who can provide support with those 
individual symptoms although the overall care 
of the patients has remained with our unit. The 
model therefore is one of the management of the 
cardiovascular symptoms in an arrhythmia clinic 
with support from specialist arrhythmia nursing 
while maintaining an interest in the more wide-
spread symptoms and enlisting the assistance of 
associated specialties.

processes. While there remains uncertainty as 
to which investigations to undertake in any indi-
vidual patient, these investigations became our 
standard and allowed us to focus on a number of 
individual symptomatic aspects of our patients 
leading on to therapeutic options for the low and 
variable BP, the sinus tachycardia and dysfunc-
tional breathing, as detailed in other areas of this 
textbook.

The investigations undertaken are mostly 
available in any hospital via cardiology although 
tilt provision is not available in all hospitals and 
cardiopulmonary exercise testing may only be 
available in certain tertiary centres. They are 
not critical to the diagnosis but certainly have 
proven beneficial to assist in our understand-
ing of the condition and have driven therapeutic 
benefits.

The main challenge has focused on the 
increasing numbers of referrals and fitting those 
into a busy tertiary centre practice where there is 
a focus on the ablation of arrhythmia and both 
simple and complex device work. The man-
agement of patients revolves around standard 
non-pharmacological approaches and advice is 
offered with specialist arrhythmia nurses avail-
able to discuss further management and provide 
advice during more symptomatic episodes. We 
use a number of medications particularly focus-
ing on the more cardiovascular-acting medica-
tions, as we have become familiar with their 
use. We often give patients the first dose of 
midodrine or ivabradine to ensure that there are 
no adverse haemodynamic consequences and 
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PoTS from a Patient’s 
Perspective

Lesley Kavi and Lorna Nicholson

Awareness of PoTS

Lack of awareness amongst medical profession-
als remains problematic for patients. PoTS was 
recognised, named, and defined in 1993, and is 
not a prescribed part of medical school curricula 
or specialist training in the UK. Anecdotally, 
many healthcare professionals have not heard of 
the condition.

The word ‘syndrome’ is derived from a Greek 
word meaning ‘running together’ or ‘concur-
rence’. It is recognised that PoTS is not a diag-
nosis in its own right, with one single underlying 
pathophysiology or disease entity. Rather, it is a 
syndrome consisting of a collection of similar 
symptoms and signs. An analogy may be drawn 
with heart failure which is also a syndrome, with 
similar symptoms and signs, yet multiple dispa-
rate mechanisms, underlying diseases and treat-
ments (e.g. rheumatic valve disease, inherited 
cardiomyopathy, amyloidosis, ischaemic heart 
disease). However, there are clinicians who do 
not believe that PoTS exists as a syndrome, or 
that there are no treatment options if a patient 
meets the diagnostic criteria for PoTS.

Obtaining a Diagnosis

The first challenge for patients is to obtain 
an accurate diagnosis, which for many can 
take several years. The mean time from first 
consulting a healthcare professional in the 
UK with symptoms to obtaining a diagnosis 
was  almost 4 years [1] and from symptom onset 
to diagnosis is 7 years [2] with a number taking 
over 20 years before obtaining an explanation 
for their symptoms.

Patients often describe a prolonged battle 
with the health service, having experienced a 
number of specialist referrals over a period of 
years. In one UK study, almost half of affected 
people were initially given a psychiatric diagno-
sis such as anxiety, depression, panic disorder 
or hypochondriasis as an explanation for their 
physical symptoms; this occurs more commonly 
in female patients (75%) compared to males 
(25%) [1]. Consequently, mistrust of doctors and 
other healthcare professionals is common.

In our experience, it is common for patients to 
suggest that they have PoTS to their healthcare 
professional after learning about it from family 
or friends or following research on the internet. 
In the UK it is most common for a cardiologist 
to suggest the diagnosis, followed by the patient 
[1]. The commonest symptoms of PoTS are 
light-headedness, fatigue and palpitations. These 
are non-specific symptoms found in many condi-
tions, and it needs a high index of suspicion to 
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patients experience difficulty in obtaining out 
of area referrals.

• Some specialist PoTS centres have been 
overwhelmed with referrals resulting in 
a number no longer accepting out of area 
patients.

Management

Management is inconsistent throughout the UK. 
Sometimes when a diagnosis is made, patients 
are discharged from the service with little infor-
mation on how to manage their condition. 43% 
of patients reported that their healthcare advisors 
admitted that they did not know what advice to 
give their patient [1].

Patients often have symptoms involving mul-
tiple systems, and therefore specialists in a vari-
ety of clinical areas may be involved in their 
care. This can lead to communication difficulties 
between healthcare professionals and repetition 
of investigations. It can be helpful if a nomi-
nated healthcare professional takes on the lead 
role of co-ordinating care with the patient.

There is limited evidence for PoTS treat-
ments. Much of what is recommended is based 
on consensus and clinician experience [3]. 
Management by a multidisciplinary team is 
often recommended [3], but no such service is 
known to exist in the UK at the time of writing.

Disability

PoTS can be a life-changing illness. Functional 
limitations of PoTS patients have been com-
pared with, and found to be equivalent to 
those of patients with chronic obstructive air-
ways disease and congestive heart failure [4].

PoTS often (although not exclusively) has 
a predilection for people during their forma-
tive or most productive years. It affects young 
people who could otherwise be in educa-
tion, the workforce or raising a family, and 
interferes with their ability to participate in 
education, or to support themselves or their fam-
ilies financially. Affected people can struggle 

detect PoTS in people who present with these 
symptoms (especially younger women).

During their diagnostic journey, patients 
often undergo multiple investigations. Due to 
lack of communication, the same test may be 
repeated several times. When patients undergo 
tests such as prolonged ECG monitoring or 
event recorders, recurrent tachycardias that may 
suggest PoTS are interpreted as due to anxiety.

Patients are often visibly relieved to receive a 
diagnosis and to have their symptoms validated 
by a healthcare professional.

For patients who do receive a ‘diagnosis’ of 
PoTS, there is often no attempt to identify any 
co-morbidities such as connective tissue or auto-
immune disorders.

Referrals

Patients in the UK are often referred to cardi-
ology when they present with palpitations or 
chest pain. Many, but not all the cardiologists 
who are experienced at managing PoTS are car-
diac electrophysiologists. Referral to syncope 
or blackout clinics may occur when fainting is a 
presenting complaint. Patients may also be seen 
by neurologists, autonomic specialists, general 
physicians or paediatricians. Some elderly medi-
cine specialists who have access to the tilt table 
as a diagnostic tool will also see and manage 
younger patients with PoTS.

Many patients report difficulties in obtaining 
referrals to knowledgeable specialists. Problems 
include:

• GPs can be unwilling to refer to a specialist.
• Waiting times to see a specialist can be 

lengthy; this can be up to one year.
• Due to lack of understanding of symptoms, 

multiple referrals are often made to multiple 
specialities.

• In some areas there are few or no clinicians 
with an interest in PoTS. This is especially 
problematic in Scotland and Wales and for 
children throughout the UK.

• Where no local specialist with training and 
experience in managing PoTS patients exists, 
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to participate in normal family life or interact 
with their peers. Social isolation is a common 
challenge.

A survey of over 1000 PoTS patients in 2016 
[1] revealed that:

• 84% described a reduction in their quality of 
life

• 5% were bedbound
• 23% were wheelchair users
• 37% had to stop working due to their PoTS 

symptoms.

PoTS has been described as an invisible illness; 
patients may appear well yet experience sub-
stantial disability. Consequently, they often have 
had difficulty obtaining relevant health, disabil-
ity and employment benefits.

Lack of understanding by employers is a 
common reason for patients to seek help from 
the national charity, PoTS UK. Patients often 
experience fluctuations in their health, and small 
numbers of separate days of sick leave can trig-
ger tools (e.g. the Bradford Factor Calculator 
[5]) which penalise people who have several 
short-term absences over those who have the 
same number of days off work in a single or 
fewer blocks.

Family and Friends

Patients seem to do best when they are empow-
ered to be coordinators of their own care and 
with a good support team that involves friends 
and family to prevent all of the problems asso-
ciated with isolation. Just as for the patient, the 
unpredictability of symptoms can be difficult 
for family and friends to manage, but having 
a support team that is patient and believes in 
them can make all the difference in weathering 
flares in symptoms, and not sinking a into men-
tal health crisis in addition to the physical health 
burden. For patients and their supporters alike 
there can be a fine line between encouraging 
activity and being compassionate when activi-
ties are not possible, but seeing this as a team’s 

problem rather than an individual’s problem can 
make a big difference in overall outcome and 
functioning.

What Would Help Patients

• Obtaining a prompt diagnosis
• Better identification of PoTS in primary care
• Where necessary, prompt referral for a defini-

tive diagnosis to a secondary care specialist 
with knowledge in this area

• Greater awareness and management at a local 
level

• Specialist centres throughout the country for 
those who are more complex—with appropri-
ate funding to take out of area patients

• Clear, accessible out of area referral pathways
• Greater consistency in diagnosis and manage-

ment throughout the UK
• Management to be multidisciplinary involv-

ing support from medical, psychological, 
dietetic/nutritional, exercise physiology, and 
physiotherapy services, all tailored to the 
individual’s needs. Most importantly, help to 
manage lifestyle changes

• Multicentre research into aetiology and best 
management.

What Are the Charities Doing to Help?

• Providing evidence-based information in the 
form of websites and patient information 
leaflets

• Raising awareness amongst the general pub-
lic and health professionals

• Providing information and support through 
social media platforms

• Offering an email enquiry service and tel-
ephone helpline

• Writing for peer reviewed medical journals
• Organising educational events for patients and 

healthcare professionals
• Speaking at other medical conferences
• Campaigning for improved services includ-

ing a multidisciplinary approach to care and 
shorter waiting times for hospital services. 
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Negotiating for specialised commissioning 
for PoTS

• Working towards developing an international 
patient registry and research network

• Coordinating national guidelines
• Supporting research projects.

We would like to thank the PoTS UK trustees 
and the members of PoTS UK for their contribu-
tions to this article.
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Living with the Ehlers-
Danlos Syndromes 
(EDS)—The Patients’ 
Perspective

Kay Julier

Introduction

Increased knowledge about the molecular basis 
for the majority of the Ehlers-Danlos syndromes 
is not yet impacting the time to diagnosis for the 
majority of patients. The pathway to diagnosis 
and correct management is often long and chal-
lenging, with multiple misdiagnoses along the 
way. Families with children who show signs and 
symptoms face additional challenges. While liv-
ing positively with the conditions requires active 
self-management, access to knowledgeable 
healthcare professionals to provide initial, accu-
rate information and advice is extremely limited. 
Patients can experience significant disability 
without the correct diagnosis and management 
advice. The current reality for most patients is 
discussed along with the role of patient organi-
sations in providing information, support and 
shaping service provision.

Getting a Diagnosis

As with PoTS, the key challenge for the major-
ity of patients with Ehlers-Danlos syndrome 
(EDS) is getting an accurate diagnosis. The 

increased understanding of the molecular basis 
for most of the Ehlers-Danlos syndromes now 
means diagnosis of 12 of the sub-types can be 
confirmed genetically [1]. However, even in 
these cases, getting to the point of testing can be 
a challenge and can take several years. The situ-
ation for those with hypermobile EDS (hEDS) 
or the related hypermobility spectrum disor-
der (HSD) [2] is particularly bleak. In the UK, 
the average time from first consulting a health-
care professional with symptoms to obtaining a 
diagnosis is 10 years [3]. In a survey of Ehlers-
Danlos Support UK members in Scotland in 
2017, the average time between first seeing a GP 
about symptoms and being given a diagnosis of 
EDS was 19 years (based on 316 respondents).

The majority of patients who engage with 
patient organisations describe ‘fighting’ to be 
taken seriously over years, sometimes decades. 
They experience multiple primary care appoint-
ments and specialist referrals with no clear out-
comes, commonly being told that symptoms 
have a psychological cause. Common misdiag-
noses include fibromyalgia, chronic pain syn-
dromes, chronic fatigue syndrome or myalgic 
encephalomyelitis (ME), anxiety, irritable bowel 
syndrome and functional dyspepsia, medi-
cally unexplained symptoms and Munchausen’s 
syndrome.

There continues to be a widespread belief 
that the symptoms of the Ehlers-Danlos syn-
dromes are musculoskeletal and dermatological, 
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Patients report an improved sense of well-
being by having a diagnosis even if treatment 
options are sparse or uncertain. Especially 
where lifestyle factors can influence the progres-
sion of symptoms, a diagnosis can also encour-
age people to make positive changes to help 
manage their condition.

There is sufficient evidence and knowledge 
about the management of EDS symptoms [6–9], 
alongside the impact of not having a clear diag-
nosis [10, 11] to warrant urgent efforts towards 
faster, more accurate diagnosis and that is what 
we must all work towards.

Referrals

Patients are usually referred to rheumatology in 
the first instance due to widespread joint pain 
and/or frequent unexplained dislocations in the 
most common types of EDS. However, in pri-
mary care, EDS patients may present initially 
with non-musculoskeletal symptoms such as 
chronic fatigue, IBS-like symptoms or prolapses 
[12]. It is expected that the majority of EDS 
and HSD cases could be managed in primary 
care but there is an urgent need for increased 
awareness and understanding first. A primary 
care multidisciplinary team approach, including 
physiotherapy, occupational therapy, nurse spe-
cialists, possibly psychology and dietetics (as 
required) would be ideal.

Lack of awareness amongst rheumatologists 
of the association with multisystemic symptoms 
means questions are not routinely asked about 
problems not directly related to the musculo-
skeletal system or else these are dismissed as 
being irrelevant if mentioned by the patient. This 
often results in a refusal to refer on to other spe-
cialities (e.g. gastroenterology, urology, gynae-
cology). As already stated, a multidisciplinary 
team approach is ideal but is unfortunately very 
rare at present.

The very small number of EDS specialists 
with the knowledge and capacity to manage 
more complex cases leads to long waiting times. 
As with PoTS, the few specialist centres which 

apart from those of vascular EDS, where the 
involvement of the vasculature is more eas-
ily recognised once the diagnosis has been 
made. The majority of patients interacting with 
patient organisations report symptoms beyond 
their joints and skin; mainly gastrointestinal, 
autonomic, gynaecological and allergy-like 
problems.

Parents who see signs and symptoms in 
their children often face an additional battle. 
Due to the difficulty diagnosing some types of 
EDS in children and the understandable reluc-
tance of paediatric specialists to label chil-
dren with a chronic condition early in life, it is 
almost impossible at the time of writing to get 
a diagnosis of hEDS for a child in the UK via 
the National Health Service. At Ehlers-Danlos 
Support UK, we advise parents not to pursue 
a diagnosis but instead to seek help to manage 
their child’s symptoms, whatever cause they 
have been attributed to. Sadly, even this course 
of action increasingly backfires. With the wide-
spread lack of awareness of the Ehlers-Danlos 
syndromes and their impact, parents are given 
little information and guidance. As the child’s 
symptoms get worse, further medical appoint-
ments are sought and school hours may be 
increasingly missed. An increasingly common 
scenario then is the involvement of child protec-
tion services and the investigation of the family 
for potentially fabricating an illness in the child, 
which is a form of abuse [4, 5]. (Talem Law, 
2018; BBC 5 Live Investigates, 2019).

The Ehlers-Danlos Support UK runs a hel-
pline (as do other organisations supporting this 
patient group), currently handling around 1,500 
telephone and email enquiries per year, with 
many more attempts to access the service. Over 
the past three years, finding information about 
getting a diagnosis has remained the main rea-
son for calling (29%). The next most common 
calls are about accessing a specialist (23%) and 
managing symptoms (19%). Callers report that 
the information they seek is not readily availa-
ble elsewhere. Figure 1 shows the breakdown of 
all call types over the period 1 April 2017 to 31 
March 2019.
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exist are regularly overwhelmed with refer-
rals and frequently have to close to out of area 
patients. The lack of specialist centres means 
patients often have to travel very long distances 
which can be extremely challenging and expen-
sive for those with restricted mobility. In the UK 
(at the time of writing), there are no formally 
commissioned services for people with hEDS 
or HSD, therefore centres seeing these patients, 
especially the more complex cases, are doing 
so in the absence of funding and only due to 
the interest and compassion of the consultants 
involved.

Again, from a UK perspective, there are 
slightly more EDS specialists who exclusively 
see patients through private practice. Many peo-
ple feel pushed into private healthcare out of 
sheer frustration, at least to obtain a diagnosis, 

only to then find that their diagnosis may be 
questioned as it has been obtained through a 
private route. Similarly, faced with a diagnosis 
obtained privately, at present few local services 
have the knowledge to manage or advise these 
patients, leading to the majority feeling aban-
doned unless they can afford to continue seeking 
advice privately.

There seems to be an increasing number of 
referrals to local genetics services, possibly as a 
result of expansion of genomic medicine initia-
tives such as the 100,000 Genomes Project but 
this may also be due to increased awareness of 
the rarer types of EDS, such as vascular EDS, 
through media exposure. Patient organisations 
can play an education role here, both in empha-
sising to patients the rarity of the majority of 
EDS subtypes (and so providing reassurance) 

Fig. 1  All call types April 2017 to March 2019
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The Role of Patient Organisations

Condition-specific patient organisations are 
often the only expert source of holistic advice 
and support for people living with lesser known 
conditions. They have a particularly important 
role in conditions like EDS and PoTS where 
self-management is central to controlling symp-
toms and preventing deconditioning. They are 
able to reinforce information from medical pro-
fessionals and provide the emotional support 
and practical advice often not available else-
where due to resource constraints. This includes 
providing information to help with access to 
benefits and education support and signposting 
to tailored support to help people get into or stay 
in work while also managing their condition.

The charities in the UK supporting people 
with EDS, PoTS and related conditions work 
closely with medical and allied healthcare pro-
fessionals either in a formal advisory capacity or 
as a part of the charities’ governance structures. 
In this way, they are generally up to date with 
the latest research and clinical opinion around 
the conditions they are supporting and can pro-
vide information to patients based on this. There 
are some excellent examples of collaborations 
between patient organisations and the medical 
community, for example educational master-
classes for medical professionals organised by 
patient organisations, symposia where experts 
discuss their research and form new interna-
tional collaborations which advance knowledge 
of the condition and the development of an 
online toolkit aimed at primary care.

Wider collaboration between patient organisa-
tions and healthcare and other professionals has 
the potential to reduce the burden of these con-
ditions on health services. Services provided by 
patient organisations complement treatment and 
care by providing support for self-management 
but there seems to be a reluctance to engage in 
some areas. This may be due to a misunderstand-
ing of the messages the charities are providing to 
their beneficiaries. However, through the advent 
of social prescribing [13] we are starting to see 
small changes in the right direction.

and in helping to explain the lack of genetic 
tests for hEDS, HSD and related conditions.

Management

Often a diagnosis is made and patients are sent 
on their way with little advice as to how to man-
age day to day living with their condition(s). 
Some clinicians are open about their reluctance 
to give a diagnosis due to the incorrect belief 
that there is no treatment or management which 
can help so ‘what’s the point?’.

EDS and conditions often associated with it, 
like PoTS, largely depend on self-management 
by the patient, and patient organisations play a 
key role here in offering evidence-based infor-
mation, advice, encouragement and support. 
The mainstays of treatment and management 
are covered elsewhere in this book and these are 
reinforced by patient groups, who are often in a 
position to develop engaging materials and use 
a variety of media and methods to widely share 
the information.

For patients who are diagnosed late and espe-
cially for those who have deconditioned, there 
can be a period of grieving for the life they had 
planned or for the activities and events they have 
missed out on. However, with the right support 
and advice, this can be worked through and both 
physical and mental health improved.

With the correct management advice which 
recognises related multisystemic problems, 
the majority of patients can self-manage their 
conditions (with support provided by patient 
groups), seeking medical appointments only 
when symptoms flare and the usual strategies 
no longer work. An improved understanding of 
the management of these conditions in primary 
and secondary care has the potential to free up 
resources and reduce costs.

From an economic perspective, improved 
management also has the potential to reduce 
the amount of school missed by young people 
affected by the conditions and to give adults 
more options for paid work. Advice on pacing, as 
one example, helps people to do more, not less.
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Patient organisations like Ehlers-Danlos 
Support UK also bring people together through 
support groups, workshops and other events 
which encourage peer-to-peer support and reduce 
isolation. In a 2019 survey about the impact of the 
charity’s services, 86% of 900 respondents said 
our services reduced feelings of isolation, 88% 
said the information provided had improved their 
understanding of managing their health through 
gentle exercise and healthy eating and 90% 
said the information and support had positively 
impacted how they manage their health needs.

When canvassed in 2018, Ehlers-Danlos 
Support UK members’ top three requests for 
additional services from the charity were 
increased availability of the helpline, more local 
support and steps to ensure there are more EDS-
trained medical professionals across the UK. 
The charity has developed a five year plan to 
address these priorities.

Patient organisations can also play a key role 
in funding, supporting and shaping essential 
research. The research priorities of patients may 
be different to those of clinicians or academics 
and funding by patient organisations ensures 
research which is most relevant to patients hap-
pens. Patient groups generally have access 
to a large number of people experiencing the 
condition(s) in question and can therefore play 
a pivotal role in recruitment to research studies.

In summary, patient organisations for people 
affected by EDS, PoTS and related conditions 
manage the human fall-out from gaps in clini-
cal and social care for these complex conditions 
on a daily basis. We are also taking a more long-
term view by trying to address the lack of aware-
ness and understanding in the medical community 
through education and influencing commissioners 
and service providers using real-world data dem-
onstrating the widespread impact of the conditions.
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