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Abstract: Postural Orthostatic Tachycardia Syndrome (POTS) is a disorder of the autonomic nervous system most commonly affecting
women of reproductive age. Studies on POTS and pregnancy are limited, and there is a lack of clinical guidelines regarding assessment and
management of pregnant women with POTS. The purpose of this review is to summarize data from the available studies on the topic of
pregnancy in POTS and common comorbid conditions and to provide the clinical recommendations regarding evaluation and treatment of
POTS in pregnant women, based on the available studies and clinical experience. We conclude that pregnancy appears to be safe for
women with POTS and is best managed by a multi-disciplinary team with knowledge of POTS and its various comorbidities. Importantly,
large, prospective studies are needed to better delineate the course and outcomes of pregnancy, as well as possible pregnancy-related
complications in women with POTS. Clinicians should be aware of the clinical presentation, diagnostic criteria, and treatment options in
pregnant women with POTS to optimize outcomes and improve medical care during pregnancy and post-partum period.

Keywords: POTS, pregnancy, Ehlers-Danlos syndrome, migraine, post-partum

Introduction

Postural orthostatic tachycardia syndrome (POTS) is a disorder of the autonomic nervous system characterized by
symptoms of orthostatic intolerance, such as palpitations, tachycardia, pre-syncope, syncope, and non-orthostatic
symptoms, such as fatigue, cognitive complaints, also known as “brain fog”, headache, and gastrointestinal symp-
toms. POTS is four times more prevalent in females, particularly of childbearing age, which raises a number of issues
surrounding pregnancy and post-partum health.' It is estimated that up to 3 million people in the United States may
have had POTS before the pandemic but the prevalence is now significantly higher due to post-COVID POTS that
may follow a SARS-CoV-2 infection as part of the post-acute sequelae of the virus.® In addition to being precipitated
by a viral or bacterial infection, POTS may also occur following a pregnancy, surgery, menarche, or trauma.’

The diagnostic criteria for POTS include 1) an increase in heart rate of at least 30 beats per minute in adults and at
least 40 beats per minute in teens up to 19 years of age within 10 minutes of standing or a tilt table test; 2) absence of
orthostatic hypotension; and 3) symptoms of orthostatic intolerance present for at least six months.* Other conditions that
can mimic POTS, such as infection, dehydration, severe anemia, prolonged bed rest, hyperthyroidism, pheochromocy-
toma, and anorexia nervosa, need to be excluded. Treatment and management is symptomatic, consisting of both
pharmacologic and non-pharmacologic therapies, and a multidisciplinary approach is often necessary to reduce symp-

toms and functional impairment.'*>

Normal Maternal Physiology in Pregnancy

Normal physiological changes in pregnancy may mimic or exacerbate the symptoms of POTS. There are significant
changes in maternal cardiovascular physiology: the three main physiological changes are an increase in maternal blood
volume, an increase in maternal cardiac output, and a reduction in maternal blood pressure.®’
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Maternal blood volume starts to increase in the first trimester, with the total volume increasing up to 45% from
baseline; both plasma and red cells are increased.” This supports the growing fetus as well as prepares for blood loss
during labor and delivery.” In the first and second trimester, the increase in maternal blood volume causes the heart rate
and stroke volume to increase, leading to an increase in cardiac output. Maternal cardiac output varies in the third
trimester and returns to baseline post-partum.” Maternal heart rate steadily increases over the course of the pregnancy,
normally by 10 to 20 beats per minute.” Blood pressure is reduced during pregnancy due to peripheral vasodilation. This
systemic vasodilation occurs due to increased levels of estrogen, progesterone and relaxin.” The renin-angiotensin-
aldosterone system is activated and increases blood volume to mitigate the vasodilatory effects of the hormones.’

Methods

Sources

A search of the available literature was conducted in May 2022. The electronic databases CINAHL, Medline, PsycINFO,
The Cochrane Library, and Embase were searched for relevant articles. Search strategies were developed by a research
librarian (AS). An initial strategy was developed in Medline before being translated to other databases. Databases were
selected based on their coverage of a wide range of health disciplines and include both qualitative and quantitative
literature. There were no limitations on date range in the POTS search due to a paucity of published data available.

Inclusion Criteria

Studies were included for review if they were full text, published in English, and discussed pregnancy in relation to pre-
existing Postural Orthostatic Tachycardia Syndrome (POTS), hypermobile Ehlers-Danlos Syndrome (hEDS), chronic
fatigue syndrome (CFS), mast cell activation syndrome (MCAS), syncope, common autoimmune disorders, or migraine.

Exclusion Criteria
Studies were excluded if they were not available in full text or not published in English.

Included Studies
We identified and included in this review 12 studies, including case reports, and 3 reviews on the topic of POTS and
pregnancy (Table 1).

Results

POTS and Pregnancy

Symptoms During Pregnancy

Symptoms of POTS appear to be variable throughout the pregnancy with a tendency toward improvement during
pregnancy.® "> Women who reported severe POTS symptoms at the time of conception were more likely to experience
a worsening of symptoms during the pregnancy,®’ whereas women who had mild to moderate POTS symptoms or did
not require medication at the time of conception tended to experience stability or improvement in symptoms during their
pregnancy.'® Autonomic function tests did not differ between women with POTS who had children and those who did
not. Overall, there was a reported trend toward improvement in the autonomic dysfunction in the short-term post-partum
period.'?

In the first trimester, POTS symptoms were often exacerbated, but in the second trimester, there was an overall
improvement in POTS symptoms.*'*'> The third trimester was variable with some women reporting a worsening of
symptoms while other women maintained the feeling of wellness.'®!'*'*!> The improvement in symptoms, particularly
in the second and third trimester, is thought to be due to the increase in blood and plasma volumes during pregnancy,
which increases blood pressure and cardiac output.'®'*"'*!'® Studies have reported either stable or improved symptoms in

60—68% of pregnant women, with 30-40% experiencing worsening of symptoms.'%'*!
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Table | Overview of Included Literature

Publication | Reference | Study Symptoms Course | Medications use Antenatal Labour Mode of Neonatal Postnatal POTS
Year Design / of POTS in During Pregnancy | Complications Analgesia/ Delivery Outcomes Symptoms
Number of Pregnancy Anaesthesia
Cases
2005 Glatter et Case report /2 | Variable - Midodrine Hyperemesis Epidural Elective Live birth, no | Improved
Al decompensation at 6 gravidarum, severe without caesarean complications
months, placed on dyspnoea, complication section at 37 to baby
bedrest at 7 months tachycardia, syncope weeks due to
maternal clinical
decompensation
Variable - - Hyperemesis - Elective Live birth, no | Improved
decompensation at 6 gravidarum, syncope, caesarean complications
months, bedrest at tachycardia, section at 37 to baby
30 weeks premature labour at weeks due to
30 weeks maternal clinical
decompensation
2006 Corbett et | Case report/ | | Worsened Metoprolol - Epidural, Emergency Live birth, no | Improved
Al proceeding to caesarean complications
general section for to baby
analgesia post- active phase
delivery for arrest
haemodynamic
instability
2007 McEvoy et case report / | | Stable Fludrocortisone, Pregnancy induced Epidural Assisted forceps | Live birth, no | -
Al propranolol hypertension complications
to baby
2009 Kodakkattil | Case report/ | | Unchanged - Threatened preterm Epidural Induced vaginal Live birth, no | Stable
& Das labour;, syncope with | without complications
seizure complication to baby
2009 Jones & Ng | Case report/ | | Worsened - - Epidural Elective Live birth, no | -
without caesarean complications
complication section at 38 to baby
weeks
(Continued)
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Table | (Continued).

Publication | Reference | Study Symptoms Course | Medications use Antenatal Labour Mode of Neonatal Postnatal POTS
Year Design / of POTS in During Pregnancy | Complications Analgesia/ Delivery Outcomes Symptoms
Number of Pregnancy Anaesthesia
Cases
2009 Kanjwal et Retrospective Variable - unchanged | B-blockers, Hyperemesis - Vaginal, Down'’s Unchanged 69%,
Al chart review / 13%, improved 55%, midodrine, selective gravidarum, complete caesarean Syndrome, worsened 27%,
22 worsened 31% serotonin reuptake heart block section asymptomatic | depression
inhibitors, ostium
fludrocortisone secundum
atrial septal
defect,
ventricular
septal defect
2010 Powless et Retrospective Variable B-blockers, Gestational Epidural Spontaneous Live births -
Al chart review / midodrine, hypertension, vaginal, induced
7 women, 9 fludrocortisone, preterm premature vaginal, elective
pregnancies pyridostigmine rupture of caesarean
membranes with section
premature onset of
labour,
oligohydramnios,
chronic placental
abruption, breech
presentation,
premature rupture of
membranes
2010 Kimpinski Retrospective Variable - Miscarriage, placenta - - Live birth, no Improved
et Al chart review / previa, placental

51 women -
116
pregnancies,
parous Vs

nulliparous

abruption and
malpresentation
resulting in
peripartum
hysterectomy

complications
to baby
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2012 Blitshteyn Self-reported Variable - unchanged | Fludrocortisone, - Hyperemesis Epidural, Vaginal, Prematurity Unchanged 20-
et Al questionnaires | 20%, improved 40%, | blockers, midodrine gravidarum, general, emergency (<32 weeks), 40%, improved
with worsened 40% tachycardia, unknown caesarean fetal distress 10-30%,
longitudinal hypotension, fatigue, section, forceps | syndrome worsened 50%
follow up / 10 presyncope, anaemia, delivery
women - 42 pre-eclampsia
pregnancies,
25
miscarriages,
17 live births
2012 Pramya et Case report/ | | Stable Metoprolol - Epidural Spontaneous Live birth, no | Stable
Al without vaginal complications
complication to baby
2015 Lide & Case report/2 | | exacerbation at |15 | Propranolol - epidural Spontaneous Live birth, no | Stable
Haeri weeks commenced at |5 without vaginal complications
weeks complication to baby
| exacerbation at 10 | Propranolol Hyperemesis Epidural Spontaneous Live birth, no | Stable
weeks commenced at 10 gravidarum without vaginal complications
weeks complication to baby
2018 Bhatia et Al | Clinical review | Variable - up to 60% | Table provided with Migraine, presyncope, | Continuous Aim for vaginal | - Symptoms
improved, 12-15% overview of common | syncope miscarriage fetal monitoring | birth when no improve for

stable, 20-30%
worsened symptom
course during
pregnancy seems to
be related to
symptoms at
conception. severe
POTS more likely to

decompensate

POTS medications
and their safety rating
not medicated at
conception likely to
have less
exacerbations of
symptoms during

pregnancy

rate same as general
population 50-60%
more likely to suffer
hyperemesis
gravidarum than the

general public

regional
anaesthesia
recommended
early
anaesthetic
review

recommended

obstetric
complications
consider
caesarean
section when
mother is
severely
decompensated

majority within
6months - | year

(Continued)
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Table | (Continued).

Publication | Reference | Study Symptoms Course | Medications use Antenatal Labour Mode of Neonatal Postnatal POTS
Year Design / of POTS in During Pregnancy | Complications Analgesia/ Delivery Outcomes Symptoms
Number of Pregnancy Anaesthesia
Cases
2018 Morgan et Systematic Variable - generally Medications not likely | Large list of Early Vaginal birth - 6 months post-
Al review exacerbation in first needed if not using at | complications and anaesthetic recommended partum - 50-69%
trimester, conception. adverse events review in absence of symptoms
improvement continued use of though none linked recommended obstetric improved, 27-50%
in second trimester, medication during directly to POTS closely monitor | complications symptoms
and variable third pregnancy seems to comparable to that of | during labour worsened | year
trimester be linked with stable | the general post-partum - 10%
or improved population symptom
symptoms beta improvement, 40%
blockers should be stable, 50%
considered first line symptoms
treatment worsened
2018 Ruzieh & Clinical review | Variable - generally Table provided with No statistical Anaesthetic Choose mode - Majority
Grubb two thirds overview of common | differences found decisions of delivery experience stable
experience improved | POTS medications except for higher should be based | depending on symptoms
symptoms in and their safety rating | rates of hyperemesis | on obstetric obstetric breastfeeding
the second and third | treatment needs to gravidarum and surgical considerations should be
trimesters, and one be individualised considerations, only encouraged due to
third worsened not POTS oxytocin’s
symptoms antidiuretic effect
2019 James & Casereport/ | | — Metoprolol - Neuraxial Vaginal Live birth, no | —
Burnett

spinal block and
epidural

infusion

complications

to baby
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Labor and Delivery

POTS may present a challenge during labor and delivery in some women with POTS due to the potential for tachycardia
and hemodynamic instability. Early utilization of anesthetic management during labor is recommended for pregnant
women with POTS since pain is a major trigger of the autonomic instability.'>*'* Epidural anesthesia placed early can
decrease pain and avoid blood pressure and heart rate changes in response to pain. Natural birth without pain control is
not recommended and should probably be avoided, despite a case series describing 2 women with POTS who have gone
through labor and delivery without anesthetic interventions.’ Hydration with IV saline or Lactated Ringer’s solution prior
to epidural catheter placement should be considered to counteract possible hypotension induced by epidural
anesthesia.'>**?* If vasoconstrictors are needed, phenylephrine may be utilized since it can help prevent reactive
tachycardia caused by peripheral vasodilation, which may lead to hypotension.”'*** Additionally, we do not recommend
a home birth for women with POTS due to a pre-existing medical condition that may require close monitoring of the vital
signs.

Vaginal delivery appears to be safe for the majority of women with POTS and is the preferred mode of
delivery.®®% 12141523 With that in mind, decisions regarding delivery should be based on obstetric and surgical
considerations rather than POTS. The risk of complications and adverse events during labor and delivery appear to be
the same as the general population, and none were attributed directly to POTS in small studies and case reports. Large

prospective studies are needed to verify these findings.'*'>!%*

Post-Partum

Post-partum symptoms of POTS remained variable, with half of women reporting their symptoms to be stable,
particularly while the mother was still breastfeeding.®'*'*!'® This may be due, in part, to physical reconditioning and
incidental upper body resistance training that naturally occurs when looking after an infant.>*'* One study reported that
50% of women felt either the same or better compared to before pregnancy, and 50% felt that their symptoms had
worsened.'? However, to date, no longitudinal studies have been conducted to determine the course of POTS following
a pregnancy and whether there is a higher prevalence of post-partum complications, including post-partum mood
disorders, in women with POTS. Given that maternal chronic illness is one of the risk factors for post-partum depression
and that increased sympathetic activation may underlie pregnancy-induced hypertension, it’s possible that the prevalence

of both is increased in women with POTS.'”!8

Complications and Adverse Effects

Based on several available studies conducted to date, complications and adverse events to the mother and infant do not
appear to be increased in women with POTS than in the general population; those complications that did occur were
thought to be unrelated to POTS.'*?° One study found an increased risk of hyperemesis gravidarum in women with pre-
existing POTS; the reason for this finding is unclear, although it may be related to a higher rate of migraine in POTS
patients, which can be associated with hyperemesis gravidarum.'> Women experiencing hyperemesis gravidarum require
close monitoring of their hemodynamic status, anti-emetics, fluid replacement therapy, and consideration of thrombotic
risk.” Further research regarding complications and adverse events for pregnant POTS patients is warranted via
pregnancy registries and large prospective studies.

Breastfeeding

Breastfeeding is safe and should be encouraged. It may be beneficial in reducing symptoms due to the antidiuresis effect
caused by the release of oxytocin in the bloodstream, and it obviously has enormous benefits for the infant.® However,
some women with POTS may find breastfeeding challenging due to plasma volume shifts, higher requirements for fluids
and salt intake, and interrupted sleep schedule, which may result in an overall worsening of POTS symptoms. In some
cases, breastfeeding may become detrimental to maternal physical and/or mental health,'” and accommodations with
breast pumps and accumulating milk supply that may be given in a bottle by another caretaker could be implemented.
Ultimately, these authors emphasize the need to maintain physical and mental health of the mother as a priority in
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addition to providing nutrition and adequate caloric intake for the baby, whether feeding takes on the form of
breastfeeding or bottle-feeding with breastmilk or formula.

POTS Co-Morbidities and Pregnancy

At least 80% of patients with POTS have one or more comorbidities, which may present an additional challenge in
pregnancy. There are several common comorbid conditions that are highly prevalent in POTS, including migraine,
hypermobile Ehlers-Danlos Syndrome (EDS), chronic fatigue syndrome (CFS), syncope, mast cell activation syndrome
(MCAS) and autoimmune disorders.'*> Clinicians caring for pregnant POTS patients need to be aware of the common
comorbid conditions and their special considerations in pregnancy to ensure the best maternal and fetal outcomes.

Migraine

It is estimated that 40% of POTS patients also experience migraine, making migraine a significant consideration when
caring for pregnant women with POTS."? Migraine is a neurological disorder characterized by recurrent severe headache
and a range of associated symptoms, many of which are autonomic. The pathophysiology of migraine is complex and
involves the central nervous system, central and peripheral autonomic networks, central sensitization, neuroinflammation
and other mechanisms, with shared and overlapping mechanisms noted in both POTS and migraine.?**° Many factors
can affect the type and duration of migraine experienced, including hormonal changes.*'~*

During pregnancy, migraine often goes into remission, and during the first trimester, there may be some improvement
in the quality and intensity of symptoms. The second and third trimesters often have the greatest improvement or
complete remission.’'>* Rates of improvement are higher in those who experience migraine without aura compared to
those who experience aura before migraine.*>** The intensity and quality of the migraine often improve, possibly due to
rising levels in estrogen and its positive effect on pain levels.*> Women who do not experience improvement by the end
of the first trimester will often continue experiencing migraine throughout the pregnancy. These women may also
experience migraine with higher intensity in subsequent pregnancies.>> Migraine during pregnancy has been shown to be
associated with increased risk of hypertensive disorders, low birth weight, preeclampsia, and miscarriage.’*>*%
Migraine does not appear to have any effect on labor and delivery.*®> During the first week post-partum, women may
experience severe migraine, possibly due to the sudden drop in estrogen levels. This usually normalizes after the first
week, and rates of migraine will usually return to the pattern of migraine during pregnancy.”®

Nonpharmacological treatments for migraine are in many ways similar to those used in POTS. Ensuring adequate
hydration, nutrition, sleep, and exercise is recommended for both patients with migraine and patients with POTS."*
Medications to treat migraine should be used sparingly and in consultation with a specialist due to the potential harm of
some medications on the developing fetus.”'® The use of propranolol as a preventative treatment for migraine also
overlaps with the treatment for POTS and may help to reduce the incidence and severity of both conditions.'>"#? It
remains unclear if breastfeeding is protective for migraine.”® Close monitoring and consultation with a neurologist

specializing in headache medicine is recommended to manage pregnant patients with migraine and POTS. '

Hypermobile Ehlers-Danlos Syndrome and Hypermobility Spectrum Disorders
Ehlers-Danlos syndromes are genetic disorders involving collagen, which commonly affect the connective tissue,
including joints and skin. The most common type is hEDS, but hypermobility spectrum disorders (HSD) that encompass
patients who do not qualify for a diagnosis of hEDS are also common among patients with POTS.***’ The prevalence of
hEDS/HSD in POTS is high, with reports of 31% of POTS patients meeting the criteria for hEDS and a further 24% for
non-hEDS generalized joint hypermobility.’*>” Both hEDS and HSD can complicate pregnancy and need to be
considered in pregnant women with POTS and EDS/HSD. Early consultation with a multidisciplinary team is encouraged
to support and manage pregnant women with POTS and hEDS/HSD. Hormonal changes during pregnancy can exacer-
bate hEDS/HSD symptoms and increase maternal and fetal risks during pregnancy, labor and delivery.*®

During pregnancy women may experience increased pain due to the increased laxity and instability of the joints.
Pelvic girdle pain is common, and in some severe cases may result in women utilizing wheelchairs for mobility.*>*¢
Other symptoms during pregnancy include back pain, heartburn, headache, heart palpitations, varicosities, edema,
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tinnitus, sleep disturbance, nausea, and vomiting. Regular early physiotherapy is recommended to aid in joint strengthen-
ing, stability, and pain relief.?>~°

There are some special considerations for women with hEDS/HSD during labor that the treating team must be aware
of. Pre-labor spontaneous rupture of membranes is more common in women with hEDS/HSD due to the fragility of the
membranes.”>*® Early review of anesthetic agents by an anesthesiologist is recommended as hEDS/HSD patients have
a higher incidence of responding poorly to lidocaine.”>*® Due to increased laxity in the vessels and when co-morbid
dysautonomia is present, anesthesia may cause significant hypotension.*®

In the active labor phase, women with hEDS/HSD are prone to a precipitous labor, which can increase physiological
risks to both the mother and the infant as well as exacerbate POTS symptoms. Healthcare staff must be aware of this risk
and be prepared to assist women in the event of a fast labour.”>>° Women with hEDS/HSD are more likely to birth
without instrument assistance due to the increased laxity of the connective tissue in the pelvis. This laxity in the joints
and connective tissue may also cause the baby to be delivered in an unusual position, without the need for
intervention.”>® hEDS/HSD can cause alterations in bleeding due to the tissue fragility; pregnancy in women with
vascular EDS may be contraindicated.*® While most women with hEDS/HSD will not experience major hemorrhage, it is
imperative that the delivery team is aware of the possibility for major hemorrhage and that they monitor blood loss
closely.?**® Wound healing is often impaired with hEDS/HSD due to the fragility of the skin, and as such, any surgical
interventions, including episiotomy, need to be carefully considered.?>~°

New mothers with hEDS/HSD will benefit from consultation with a lactation consultant and physiotherapist to
provide strategies to aid in the care of the infant while minimizing joint dislocations or increased pain for the mother.*®

Women with POTS and co-morbid hEDS/HSD may experience significant challenges during pregnancy, labor and
delivery. Consensus guidelines for the management of pregnancy, birth and post-natal recovery in the context of hEDS,
HSD and vascular EDS are currently in progress.”® In the meantime, with careful planning and a multidisciplinary
approach consisting of specialists with extensive knowledge of POTS and EDS, these challenges can be minimized, with
many women experiencing successful pregnancy, labor and delivery.

Mast Cell Activation Syndrome

MCAS is a common co-morbidity with both POTS and EDS and is a multi-systemic disorder of mast cell hyperactivity
that typically manifests with allergic symptoms, gastrointestinal dysfunction, dysautonomia and various genito-urinary
and gynecologic manifestations.”® ** Scientific literature on MCAS and pregnancy is extremely limited, consisting of one
review article,?’ and as such, there is a great need to further delineate the various potential pregnancy complications that
could be associated with MCAS via well-designed studies and pregnancy registeries.

Chronic Fatigue Syndrome
CFS is a common co-morbidity of POTS, with many patients qualifying for a diagnosis of CFS due to chronic fatigue
and post-exertional malaise that are highly prevalent in patients with POTS. It has been estimated that at least 21% of
POTS patients have concurrent CFS."* There is limited research regarding CFS and pregnancy; however, the available
evidence suggests that pregnancy is generally safe for women with CFS.*°

It is advisable for women to discuss their health and options with the treating team prior to conceiving. Women who
have stable symptoms are more likely to have a relatively smooth pregnancy. During pregnancy, approximately 71% of
women with CFS experience either stable or improved symptoms, slightly higher than what has been found in women
with POTS.*” It is thought that hormonal shifts and immunosuppression to protect the fetus may assist in the relief of
symptoms. The remaining 29% of women with CFS may experience a worsening of symptoms during pregnancy.’® This
is more likely to occur in women who are still in the early stages of CFS, have unstable symptoms, or who experience
a significant number of infectious symptoms, such as temperature dysregulation or flu-like symptoms.>® One study
concluded that pregnancy in women with CFS should be managed in the same way as pregnancy for healthy women, but
large longitudinal studies are needed to verify this conclusion.*

Labor and delivery appear to be safe and have no contraindications. Early review of anesthetic agents is recom-
mended. Pain relief during labor should be considered to conserve energy as appropriate pain management can reduce
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energy depletion during labor and delivery.>® Women may experience a significant relapse of symptoms during delivery
and immediately afterwards so it is imperative that the obstetrician is aware of CFS to ensure appropriate management.*’
In women with CFS, symptoms in the post-partum period remained stable in 30% of women, improved in 20% and
worsened in 50% of women. The authors suggest that this may be due to the hormonal changes and physical challenges
of caring for a newborn.>”

There is no literature available regarding complications and adverse outcomes in women with CFS compared to the
general population. One study found no significant difference in the rates of complications when comparing pregnancies
before and after the onset of CFS.?” The authors did note a higher rate of miscarriage, which may be due to maternal age
or parity.”® Higher rate of miscarriage in pregnant POTS patients was also noted. This suggests that an increased risk of
miscarriage in women with POTS and CFS is unlikely to be an incidental finding. Shared pathophysiology between the
two conditions as well as other comorbidities that may be present, such as anti-phospholipid syndrome (APS) or another

autoimmune disorder, may be a possible factor.'>3%%°

Syncope

While presyncope is a common manifestation of POTS, syncope can occur in approximately 30% of patients.*'***
Syncope during pregnancy is linked with adverse events in both the mother and the infant.*> A large population-based
study examining rates and outcomes of syncopal episodes in pregnancy found that approximately one percent of the
population experiences a syncopal event during pregnancy.*> Of these women, 32% experienced syncope in the first
trimester, 44% in the second trimester, and approximately 24% in the third trimester. Eight percent of women experience
more than one episode of syncope.*? Compared to pregnancies without syncope, women who experienced syncope were
more likely to be younger (age <25 years; 34.7% versus 20.8%), have higher rates of pre-existing medical conditions
(1.8% verses 1%), have a history of syncopal events (11.5% verses 3.2%), primiparous (52.1% verses 42.4%), and less
likely to be married (57.7% verses 69.8%).** Preterm birth was higher in women who had previously experienced
a syncopal event (16.3%) when compared to women who had never experienced a syncopal event (15%). The first
trimester was shown to be the most dangerous time to experience syncope leading to the highest rates of preterm birth
(18.3%) compared to second trimester (15.8%) and third trimester (14.2%).** Low birth weight and babies small for
gestational age (SGA) were higher in pregnancies with syncope compared to pregnancies without syncope.** Congenital
abnormalities were significantly higher for children who experienced multiple syncopal events during pregnancy
compared to only a single syncopal event (4.9% verses 2.9%).** Increased maternal risks include cardiac arrhythmias
and further syncopal events within a year post birth.** Clinicians caring for pregnant women with POTS must be aware
of the patient’s history of syncope and closely monitor both the mother and the baby during pregnancy and the post-

partum period.

Autoimmmune Disorders

Approximately 20% of patients with POTS have comorbid autoimmune disorders, including Hashimoto’s thyroiditis,
rheumatoid arthritis, lupus, APS, Sjogren’s syndrome and celiac disease.**** Some of the special complications and
considerations in pregnancy associated with autoimmune disorders may include a higher miscarriage and stillbirth rate,
a possible need for anti-platelet and/or anti-coagulation agents in women with lupus or APS, and monitoring for
a possibility of fetal congenital heart block in pregnant women with positive anti-SSA and anti-SSB antibodies.***’
It’s important to note that a significant number of women will not be diagnosed with an autoimmune disorder until
pregnancy or post-partum, and therefore, screening women with POTS with a serum autoimmune panel, including anti-
phospholipid, anti-SSA and anti-SSB antibodies, might be prudent to identify women with undiagnosed autoimmune
disorders or positive autoimmune markers who are at risk for various pregnancy-related and postpartum maternal or fetal

complications.
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Discussion
Preconception Considerations

There are no consensus guidelines or randomized studies available on the evaluation or management of pregnant patients
with POTS. In women with pre-existing POTS contemplating pregnancy, a multi-disciplinary team consisting of a POTS
specialist, an obstetrician-gynecologist, and a maternal-fetal medicine specialist is recommended. This is of particular
relevance to pregnant women with POTS who are of advanced maternal age and those women with common POTS
comorbidities, such as EDS, chronic migraine, MCAS, or autoimmune disorders. Due to pre-existing chronic illness and
the medications that may be involved in managing POTS and comorbidities, a planned pregnancy is obviously preferred
to an unplanned pregnancy. A pre-conception discussion and review of medications and their FDA pregnancy categories
are important aspects of prenatal care and should convene as early as possible prior to conception.

It may take anywhere from a few weeks to a few months for certain medications, such as stimulants or benzodia-
zepines, to be discontinued prior to conception. It was previously suggested by some POTS specialists that pregnancy is
best to take place when the patient has stable or improved symptoms of POTS for 6—12 months, and while this may be
achievable for a subset of POTS patients, others will not be able to have a symptom-free period. It’s been our experience
that even women with moderate-to-severe POTS can go through pregnancy and labor safely with certain precautions and
a good multi-disciplinary healthcare team. At Dysautonomia Clinic, we have been encouraging women to consider
pregnancy before age 35, even if they are symptomatic, and not wait to undertake pregnancy until they are in the late
thirties or early forties; this recommendation is encouraged in order to decrease infertility, miscarriage rate, and
pregnancy-related complications inherent to advanced maternal age.

Pre-conception counseling should also focus on psychological, social, and financial impacts of pregnancy in the
context of a pre-existing chronic medical condition that may be exacerbated by pregnancy and/or post-partum period.
Expectations, obligations, and childcare may need to be considered and adjusted accordingly to assist a pregnant woman
or a new mother with POTS to care for her infant and herself. While many women with POTS go on to have uneventful
pregnancies and deliveries, some will experience pregnancy-related and/or POTS-related complications that may require
certain interventions and a change in management. These complications may include hyperemesis gravidarum, which can
exacerbate POTS as a result of volume depletion; anemia of pregnancy and resultant exacerbation of POTS via
a reduction of red blood cells’ capacity for oxygen delivery; pregnancy-induced hypertension that may also worsen
POTS, and pregnancy-related insomnia and mood disorders that may lead to increased fatigue and cognitive impairment.
Since migraine is one the most common comorbidities of POTS, migraine assessment and management during pregnancy
apply to many pregnant patients with POTS.** Similarly, various musculoskeletal complications, including joint pain,
back pain, sacroiliac joint dysfunction, carpal tunnel syndrome, and joint subluxation and dislocations, may occur in
pregnant patients with POTS and EDS, likely at a higher rate than would be expected in healthy pregnant women.
A referral to a physiatrist, physical therapist, and/or pain management specialist with knowledge of hereditary connective
tissue disorders would be indicated for evaluation and management of these musculoskeletal conditions . Although
women with well-controlled POTS who are otherwise fairly healthy and functional may not typically be considered
“high-risk” for pregnancy, it’s been our experience that women with more severe POTS symptoms, those who are of
advanced maternal age, and those with multiple POTS comorbidities should be considered “high-risk” and should be
followed by a maternal-fetal specialist in addition to an obstetrician.

While at this time, there are no data that show an association between POTS and pre-eclampsia, eclampsia,
pregnancy-induced hypertension, or post-partum hypertension, clinical experience of the author (SB) suggests that
a possible association may exist, and to this end, close monitoring of blood pressure during pregnancy, labor, delivery,
and in the post-partum period may be warranted. Furthermore, pregnancy complications associated with EDS must be
considered, which may include premature rupture of membranes, fast labor, and alteration in bleeding diathesis and
healing after vaginal birth or a C-section. These complications need to be evaluated and managed, where appropriate, by

an obstetrician and maternal-fetal medicine specialist.
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Evaluation of Pregnant Patient with POTS
Evaluation of pregnant patients with new-onset symptoms suggestive of POTS and without a pre-existing POTS
diagnosis should include a thorough history of current symptoms, pre-pregnancy symptoms and disorders, medications,
dietary habits, possible caffeine intake, and fluid intake that may have preceded the onset of symptoms and any other
triggers that may be associated with new-onset POTS, such as a viral illness, trauma, or immunization (Table 2).
Pregnancy is one of the well-described triggers of POTS that was reported to be associated with the onset of POTS in 9%
of patients.” Many women may experience a delayed diagnosis of POTS months to years into the post-partum period,
since both patients and physicians often attribute symptoms of presyncope, syncope, tachycardia, and fatigue to
pregnancy or common pregnancy complications, such as anemia, hypotension, and pregnancy-related mood disorders.
A timely diagnosis of POTS during pregnancy is obviously preferred to a delayed diagnosis because treatment for POTS
may lead to improved symptoms and functional status during and after pregnancy and avoid unnecessary diagnostic tests
and poor treatment choices.

Following a thorough history, physical exam should be performed by a healthcare professional that documents blood
pressure and heart rate in the supine and standing position (Table 2). In addition to the vital signs, symptoms during
standing, if present, should be noted. Thorough cardiovascular and neurologic exams with sensory examination should be

performed to determine if there is any evidence of a heart murmur, cardiomegaly, pupillary dysfunction, or a loss of

Table 2 Evaluation Overview for the Pregnant Patient with New Onset POTS Symptoms

Evaluation method:

Thorough history symptoms

pre-pregnancy symptoms and disorders
medications

dietary habits

fluid intake

any other triggers that may be associated with new-onset POTS, such as a viral illness, concussion, or

immunization

Physical exam includes a 10-minute stand test with supine and standing blood pressure and heart rate measurements

Cardiovascular and neurologic evidence of a heart murmur

.
exams ® cardiomegaly

® pupillary dysfunction
.

loss of temperature and pain sensation in the extremities

CBC
CMP
TSH
free T4

ferritin

Laboratory tests

morning cortisol
vitamin B2
BNP

serum autoimmune panel

comprehensive vitamin and nutrient panel

EKG

® 2D cardiac echocardiogram

Diagnostic tests

® 24-hr Holter monitor

If headache is present: ® Consider MRI of the brain without contrast if:

- Headache is different or new compared to pre-pregnancy headache
- Any focal neurologic deficits are present

- There is abnormal neurologic exam

- Headache is accompanied by blood pressure elevation
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temperature and pain sensation in the extremities that may suggest small fiber neuropathy, one of the common
comorbidities of POTS (Table 2). Since a tilt table test is not recommended for pregnant patients, diagnosis should
rely on a 10-min stand test, which is included in the diagnostic criteria for POTS.* Data from the patient’s personal
wearable devices, such as a FitBit or AppleWatch, can be reviewed and utilized as an aid to diagnosis. Laboratory tests
may include complete blood cell count, comprehensive metabolic panel, thyroid function tests, free T4, ferritin, morning
cortisol, vitamin B12, and brain natriuretic peptide. Other tests may be indicated depending on the clinical picture, such
as a serum autoimmune panel and a more comprehensive vitamin and nutrient panel. (Table 2). Additionally, diagnostic
tests such as an electrocardiogram, two-dimensional cardiac echocardiogram and a 24-hr Holter monitor, may be
obtained to rule out cardiomyopathy, valvular disease and cardiac arrhythmia, and longer cardiac monitoring may be
necessary in patients with POTS and intermittent palpitations or episodic tachycardia or syncope (Table 2). If headaches
are prominent, different or new compared to pre-pregnancy headaches or accompanied by focal neurologic deficits,
abnormal neurologic exam, or associated with blood pressure elevation, MRI of the brain without contrast should be
considered to rule out the secondary causes of headache.*®

Non-Pharmacologic Management in Pregnancy

Non-pharmacologic therapies are strongly encouraged in women with POTS, are preferable to pharmacotherapy during
pregnancy due to their safety profile and should be maximized before initiation of pharmacotherapy is considered
(Table 3). Increased fluid intake of at least 2.5L per day and salt (sodium chloride) intake of at least 7 grams per day is
recommended, but may be difficult for women with significant nausea, vomiting or hyperemesis gravidarum.*’ To this
end, intravenous hydration with normal saline can be employed on an as-needed basis for patients who are unable to
maintain a desirable fluid intake or those whose clinical features (syncope, pre-syncope, hypotension, or tachycardia) are
refractory to standard pharmacologic and non-pharmacologic therapies (Table 3). Intravenous fluids, 1-2 L of normal
saline, may be administered over 1-2 hours through a peripheral venous access. Central lines should be generally avoided
and placed only as a last resort and after careful consideration due to an increased risk of thrombosis and infection in
pregnancy and post-partum period. Waist-high maternity compression stockings can be utilized, and light exercise, such
as swimming or recumbent bike, is advisable. Supine exercise in the 2nd and 3rd trimester while lying flat on the back is
not recommended due to a growing uterus that can compress both the inferior vena cava and aorta. Similarly, sleeping or
napping on the back is not recommended due to a possibility of compression of the inferior vena cava, and patients with
POTS need to be instructed to avoid this position and lie on the left side instead. If postural and exertional tachycardia is
of concern, consultation with a cardiologist is advisable to discuss the maximum target heart rate, duration, and intensity
of exercise in a pregnant woman with POTS. While there are no studies on the benefits of any particular diet in pregnant
POTS patients, it’s been our experience that patients with POTS experience significant reduction in various autonomic
symptoms with the implementation of a gluten-free diet.* This may present an effective and safe non-pharmacologic
treatment strategy in pregnant women. A consultation with a dietician or nutritionist may be helpful to ensure that
nutritional requirements are being met. Finally, psychological and social support is essential for women with POTS who
may be particularly vulnerable to pregnancy-related mood disorders as a result of the psychological stress and
physiologic changes associated with both pregnancy and POTS. Cognitive behavioral therapy, group therapy, biofeed-
back, meditation and counseling may be preferred to pharmacotherapy. Anti-depressants, such as escitalopram or

Table 3 Non-Pharmacologic Management in Pregnancy

Non-Pharmacological Therapies Use

Compression stockings, waist high Improves venous return

Fluid intake of at least 2.5L per day Increases plasma volume

Salt (sodium chloride) intake of at least 7 grams per day Increases fluid retention and plasma volume

Light exercise, such as swimming or recumbent bike Maintains plasma volume, muscle mass and cardiovascular fitness
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sertraline, can be utilized if non-pharmacologic therapies are ineffective and symptoms of depression or anxiety are
moderate-to-severe.** Treatment of anxiety disorders in pregnant patients with POTS may include the same non-
pharmacologic therapies as for depression and/or addition of propranolol at a low dose, especially if anxiety is
accompanied by tachycardia.

Pharmacotherapy in Pregnancy

It has been our experience that was reflected in one study that women who take medications for POTS during pregnancy
appear to report improved symptoms of POTS compared to those who did not.'*> As such, although the ideal scenario is
to discontinue all medications pre-conception, this goal will not be achievable for many patients with moderate to severe
POTS. Therefore, continuing pre-pregnancy medication or initiating a new or different medication for POTS during
pregnancy may be necessary to reduce the symptom burden and disability.

Medications that may be continued during pregnancy usually fall into the pregnancy category B or C and could be
necessary in women with more severe POTS who rely on medications for symptomatic control and improved functional
status (Table 4). As in pregnant women with other chronic medical disorders, the risks and benefits of each medication
should be reviewed, and the lowest number and dose of the safest medications for the fetus should be used during
pregnancy. Preferably, one medication at the lowest possible dose should be used and may include a low dose of
metoprolol 12.5 mg to 25 mg daily or twice a day, propranolol 5 mg twice a day, fludrocortisone 0.05 mg to 0.1 mg daily,
or midodrine 2.5 mg to 5 mg three times a day. If there is concurrent pregnancy-induced hypertension in addition to
POTS symptoms, labetalol 100 mg twice a day can be utilized. Pyridostigmine, the only medication used to treat POTS
that is pregnancy class B, has been used safely in pregnant women with myasthenia gravis for many decades and may,
therefore, present a valuable treatment option in women with pre-existing POTS with worsening of symptoms during
pregnancy or in women with new-onset POTS during pregnancy (Table 4). A low dose of pyridostigmine 30 mg twice
a day is recommended, but can be increased to a higher dose if warranted by the symptoms. Rarely, a patient with severe
POTS and comorbidities, such as a systemic autoimmune disorder or small fiber neuropathy, may be managed via
immunotherapy, such as intravenous or subcutaneous immunoglobulin.’*" These therapies may be continued throughout
pregnancy and can be managed for possible dose adjustment by a rheumatologist, immunologist with knowledge of
immunotherapies pre- and antepartum, or maternal-fetal medicine specialist.

Future Direction

There is a significant need for pregnancy registries and multi-center prospective studies that are designed to assess the
clinical course, prognosis, possible risk factors, and both obstetrical and POTS managements in order to guide clinicians
in their understanding and treatment of pregnant patients with POTS. The available case series and small retrospective

Table 4 Pharmacologic Therapies for POTS With Pregnancy and Breastfeeding Classification

Medication FDA Excreted | Common Side Effects
Pregnancy | in Milk
Category
Propranolol C Yes Bradycardia, hypotension, depression
Metoprolol C Yes Bradycardia, fatigue, headache
Labetalol C Yes Fatigue, headache, dizziness, nausea
Ivabradine D Unknown Bradycardia, dizziness, visual disturbance
Fludrocortisone C Unknown Hypokalaemia, hypertension, headache
Midodrine C Unknown Paresthesia, scalp itching, piloerection, supine hypertension
Pyridostigmine B Yes Nausea, diarrhoea, urinary frequency, abdominal pain
Clonidine C Yes Dizziness, dry mouth, fatigue
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studies are undoubtedly insufficient to capture the possible risks — and potential benefits — associated with pregnancy in
women with POTS. In the meantime, based on the available literature and personal experience of clinicians specializing
in POTS, women with pre-existing POTS may be reassured that to date, it appears that there are no overt contra-
indications to pregnancy or vaginal delivery secondary to POTS. Whether POTS is associated with increased miscarriage
rate, infertility, gestational diabetes, pre-eclampsia, pregnancy-induced hypertension, or post-partum hypertension is
unknown at this time and should be further examined in large, prospective well-designed studies. Understanding and
awareness of the clinical presentation, diagnostic criteria, and treatment options in patients with POTS, including
pregnant women with POTS, are essential to improving medical care and outcomes of pregnancy and post-partum period.

Conclusion

POTS, a common autonomic disorder, is not a contraindication to pregnancy, but may necessitate special considerations,
monitoring and management via a multi-disciplinary team, including an obstetrician, a maternal-fetal medicine specialist
and a clinician with knowledge of POTS and its various comorbidities, to optimize outcomes and improve maternal and
fetal medical care during pregnancy and the post-partum period. Physicians specializing in women’s health and primary
care should be aware of the clinical presentation, diagnostic criteria, and treatment options in pregnant women with
POTS and women who develop POTS during pregnancy and post-partum period.
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