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Objectives

1.Whatis POTS?
2 .How do we diagnose POTS?
3.How do we treat POTS?

3
When there is a dysfunction or failure of the The Human Nervous System
autonomic nervous system, the result is a disorder
classified as a type of dysautonomia.
Dysautonomia is not a diagnosis. It’s an umbrella
term to describe autonomic disorders. =
Central nervous system Peripheral nervous system
-
. | Brain ‘ ‘ Spinal cord ‘ | Motor | | Sensory
| | | | \ 1 —
- e .
Autonomic atic
Postural Orthostatic Vasovagal Syncope
Tachycardia Syndrome o P
(POTS) ( Sympathetic Parasympathetic
Inappropriate Sinus
Tachycardia
Neurocardiogenic
Syncope
Familial Dysautonomia And more...
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What is The Autonomic
rvous System?

The part of the nervous system that regulates
functions that are automatic in nature such as

heart rate, blood pressure, digestion, excretion,
perspiration, temperature regulation, pupil
dilation, circulation, and respiration among others.
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difficulty with vision
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migraine, cognitive
deficits, brain fog &
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difficulty sweating, tearing / -
and other fluid production \ { PULMONAT

(dry eyes, dry mouth, \_\J ) shortness of breath
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constipation, abdominal VI

pain, reflux, heartburn, Z /
impaired motility :

palpitations, chest discomfort
high heart rate (tachycardia)
low heart rate (bradycardia)
high or low blood pressure
abnormal blood vessel functioning
blood pooling

\'Idifﬁculty with urine

retention and/or excretion

I TLC INTOLERANCE
difficulty standing still, fatigue, lightheadedness,
increase in symptoms with upright posture,
fainting (syncope) or near-fainting, pallor

Idiopathic postural orthostatic
tachycardia syndrome:

An attenuated form of acute pandysautonomia?

Ronald Schondorf, PhD, MD, and Phillip A. Low, MD

® 16 Patients evaluated for Ol with
exaggerated orthostatic tachycardia in
absence of OH underwent
comprehensive autonomic testing

O Sustained orthostatic HR increase >2 SD
of mean HR of controls

® Predominantly young woman
¢ Acute onset
® Frequent triggering event
O 7/16 postviral
Mild form of dysautonomia

Table 1. Characteristics of patients with POTS

Small
Pt Duration Light- G1 fiber
no. Sex Age Onset (mo) adedness Fatigue ‘motility sensory
1 M 2 Unclear 7 Chronic Chronic N No
2 F 33 Postviral 7 Chronic Chronic Abn No
3 M 51 Postviral 3 Chronic Chronic N No
4 F 42 Postviral 36 Chronic Chronic N No
5 M 28 Postviral 16 Chronic Chronic N No
6 F 26 Postviral 5 Qccasional Chronic N No
7 F 42 Postviral 2 Chronic Chronic Abn Yes
8 F 48 Unclear ? Occasional 2 N Yes
9 F 35 Acute 3 Chronic Chronic N No
10 F 35 Acute 3 Qccasional Chronic N No
11 F 26 Acute 24 Chronic Chronic N No
12 F 51 Acute 2 Occasional Chronic N No
13 F 20 Acute 3 Chronic Chronic N No
14 F 25 Acute 18 No No Abn No
15 F 32 Postviral 2 No No Abn No
16 F 34 20 No No Abn No
N Normal
Abn Abrormal.
Table2. ion in patients with POTS
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Kegboutime POTS
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7 naughtylittlemast

POTS is

METHODS

Dysautonomia International developed a web-based 10
question survey. The survey was hosted on a secure
commercial survey website. The survey was anonymous
and no personally identifiable information was collected.
The survey was designed so that each person could only
take the survey once.

We announced the availability of the survey through our
Facebook page on December 2, 2013 and the survey
responses were collected until January 2, 2013.

Many of our Facebook followers shared the survey link on
POTS related support groups. The survey announcement
indicated that only people who had been diagnosed with
POTS by a doctor should participate. The survey was open
to POTS patients of any age, from any geographic location.

How many doctors did you see for your POTS
symptoms before you were formally diagnosed with
POTS?

Dd:c:"-j; ® 27% of subjects saw
. more than 10 doctors
N _ before being diagnosed
with POTS
® 8% saw more than 20
640 doctors
doctors

® Only 6% diagnosed by
the first doctor they saw

for their POTS symptoms
—— .
More than 20 N =684
o% 20% o oo ao% 100%

Age at Onset of POTS Symptoms

N =696
250 34% of participants were
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100 I I
50
0

developed symptoms of POTS
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Months from Onset of POTS
Symptoms to POTS Diagnosis

75% of participants received a diagnosis of POTS
1 year or more after the onset of POTS symptoms

=71 The average time to diagnosis was 5 years and 11
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What type of physician first
diagnosed you with POTS?

Pediatrician

Family
Practitioner

Cardiologist/
Electrophysio
Togist

s -

® Only 12% of participants were diagnosed
with POTS by a pediatrician or family
practitioner

Gastroenterol
ogist (GI
doctor)
Gynecologist
Nephrologist I
(kidney
doctor) N =668
0% 20% 0% 0% 80% 100%
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Quality of Life in Patients With Postural Tachycardia Syndrome Postural orthostatic tachycardia syndrome is associated

with significant employment and economic loss

Lisa M. BENruD-LARsON, PHD; MELANIE 8. DEwAR, BS; PaoLa Saxproni, MD, PuD; ® Kate M. Bourne' 7, Derek S. Chew'? (), Lauren E. Stiles®*, Brett H. Shaw' (1, Cyndya A. Shibao®

Teresa A. Rummvans, MD; JENNIFER A, HAYTHORNTHWAITE, PHD; anp PuiLLip A. Low, MD Luis E. Okamoto® (¢, Emily M. Garland® (), Alfredo Gamboa® (), Amanda Peltier® {1, André Diedrich® ),
.. Italo Biaggioni” (7, Robert S. Sheldon' (), David Robertson® &  Satish R. Raj"

Table 1. Summary of participant ‘yes’ responses to

100-‘ Healthy questions evaluating aspects of employment
o E :;21:’] N N (Overall
| B cHF i (Yes) respondents)
804 Employed in previous 48.0 §.649 5,518
I 3 months
g Would work more if not 66.8 1.754 2,624
60 | for health limitations
o Lost a job due to POTS  20.9 547 2,616
‘3‘ 50 Unable to work 74.0 4,033 5,948
L] ) for > 1 weelk
Called in sick due to POTS 82.2 4,341 5,282
304 Lost income due to POTS  70.5 3,735 5,301
Spouse/ Caregiver lost 28.5 1,551 5,442
20 income due to POTS
o Modified job due to POTS 72.4 3,715 5,129
Workplace modifications 554 2,001 3,609
0 Schedule reductions 4.1 2,692 3,633
PF RP Bp GH viT SF RE MH Other modifications 67.2 2,392 3,559

SF-36 scales

* Results: Ninety-four patients (89% female; mean age, ! of | | 2021, 288; 203-212

34.2 years) were enrolled in the study. Patients with POTS
el font P

....... e bhn €

Maye Clin Proc. 2002;77:531-537

POTS Triggers

Table2 The different types of events that have been

41% of POTS patients report onset described as tiggering PoTS
w/in 3 months of a specific event: Triggering event

Infeceion (viral and bacterial)

® infection (41%) [36, 70. 72-77]
Vaccination [26, 31, T8, 79]
® surgery (12%) Trauma [13]
= .}"n*grm.l.n:'}'.l_i-ﬁ. ','.‘_?'|'
pregnancy (9%) Surpery [34]

EDS/AHS [71,80]
Psychosocial stresys | 36]

® accident (6%)

ConCUSSion ( %) Mawt cell activation a.!'a.u'ard.:'r |Hl-j
4 Lyme disease [82] ]
Other autoimnume disease [R3]

Medications e.g., amtifivpertensives, antpsvehatics [ 12)

10
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Roma Bhatia, BS', Sarah J. Kizilbash, MD"-**, Shelley P. Ahrens, DNP'+?, Jill M. Killian, BS'**, Stephanie A. Kimmes, CNP',

11

Outcomes of Adolescent-Onset Postural Orthostatic
Tachycardia Syndrome

Erin E. Knoebel, MD'-?, Prasuna Muppa, MBBS'"?, Amy L. Weaver, MS', and Philip R. Fischer, MD'?

Outcomes in Adolescent POTS

, = Symptoms completely resolved
Survey (n=172) m Symptoms persist, severity better
] ) . : Remitting and relapsing
Mean duration from diagnosis to

X Symptoms persist, severity same
survey completion was 5.4 years

Symptoms persist, severity worse

Mean age of the respondents at the Nakreaoren
time of the survey was 21.8 years

Adapted from: Bhatla R, Kizilbash SJ, s SP, Killian JM,
Kimmes SA, Knoebel EE, Muppa ver AL and Fischer PR.
Outcomes of Adolescent-Or Orthostatic

Tachycardia Syndrome. The
Press]. DOL: dx.dol.org/10.;

(J Pediatr 2016;173:149-53)

( m Dysautonomia International -
WY 2@

FO r m ost’ th is is a There are few studies documenting long term

outcomes in FP0OTS, but a new study from Vanderbilt
c h - c d 't' and University of Calgary glves us the longest follow
I'OI"IIC OI"I | IOI"\ up data to date. Researchers reached out to POTS
patients who had participated in Vanderbiit research
studies decades earlier to see how they were doing
now. 45 POTS patients participated in the follow up

older now. On follow up 20 years or more after their
POTS symptoms started, only 2% of participants
reported complete resolution of POTS symploms,
46%: noted some improvement, 11% experienced no

i SYmp e ning
symptoms, and 16% experienced variabke sympioms.
Patients whao did not improve were more likely than
those who did see some improvement to have dry
eyes, mouth or skin {regulated by the secretomotor
small fiber autonomic nerves) when they were first
seen at Vanderbilt years aarlier, and the non-
improved patients were more likely to have
neuropathy, gastroparesis, or overactive bladder
symptoms at the time of the follow-up study. The
findings emphasize the importance of screening for
small fiber neuropathy at the time of POTS diagnosis,
and screening for diseases associated with small
fiber neurocpathy and secretomotor deficits, such as
Sjogran's syndrome and diabetas,

This data was presented as an abstract/poster at an
academic conference recently. You can read the
abstract at https:[flink springer comjarticke 10,1007
s10286-024-01075-8 (Poster 108 .
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Clinical Feature

Excessive Orthostatic Tachycardia
Symptoms of Orthostatic
Intolerance

Absence of Orthostatic
Hypotension

Chronicity

Absence of other causes

Diagnostic Criteria for POTS

HR increase > 30 bpm (>40 bpm teenagers) Active stand or HUT

Orthostatic symptoms which improve with  Clinical evaluation and

recumbence history

No decrease in BP > 20/10mmHg Active stand or HUT

>3-6 months Clinical evaluation and
history

Other conditions causing orthostatic Clinical evaluation and

tachycardia and symptoms have been history

ruled out

13

Pathophysiology




2025-02-21

POTS as a Common Final Pathway

9 Central
° . s;ir;pathm H;:erraadrenenglc
POTS is a syndrome that may result e\ TS
: e S
from one or more different mewmcnee Gt | |
pathophysiological abnormalities
Hypovolemic
. . POTS )
O Volume dysregulation / Hypovolemia Gt il - Lowbioos
Activation summal s 'u‘;:.g:m(m of
1 increase in stem
O Hyperadrenergic - POTS e
Episodic i -
g flushing with Angiotensin Il
O Neuropathic e s ]Z{
O Deconditioning %
O + more *50 4 o singlepoint L’;;‘glfln!im /;,‘ -
mz} ../7 mutation . « Priming of l : i
TOVB T fincioninne from molecular 2o
Sl S, W
o underlying
°NE pathogens
Transporter Autoimmunity
Deficiency

15

Volume Dysregulation

Plasma Volume is Low in POTS

g . 70% of POTS
S 0 —qo—n . .
L ‘s Patients

Adapted from SR Raj et al., Circulation 2005;111:1574-1582
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Clinical Presentation

What is Orthostatic Intolerance (Ol)?

Orthostatic intolerance is the development of symptoms in upright
posture that are relieved or partially relieved by reclining or laying

LR~

t Bateman Home Center

.

18
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Table | Symptoms associated with POTS and their
relative frequency in 152 patients

S ym pt oms s Fremens

Orthostatic
Light-headedness or dizziness 776
. Y Pre-syncope 60.5
what people think POTS is like: i i
Palpitations 75
Tremulousness 375
Shortness of breath 276
tachycardia Chest pain 13
i Loss of sweating 53
Hyperhidrosis 9.2

Non-orthostatic

what POTS is actually like: Bloating 57

Nausea 388

Vomiting 86
syncope brain fog . Abdominal pain 15.1
nausea tachyeardia .
tremors, Constipation 15.1
headaches Diarrhoea 17.8
palpitations 5 Bladder dysfunction 92
temperature dysregulation
Pupillary dysfunction 33
S > blood pressure problems Generalized
chronic fatigue £ "
atigue 4
. . / extreme dizziness Sleep disturbance 316
exeessive sweatin,
& . blood pooling Migraine headache 276
blurryvision  ugerciseintolerance Myofascial pain 15.8
Neuropathic pain 2

@chronically kelsey
Adapted from Thieben et al*

Mayo Clinic Proceedings 82:308-313. 2007

19

COAT HANGER PAIN

Suboceipital and paracervical pain

' that worsens in the upright position

is common in orthostatie disorders

' ‘-‘\";,\and is believed to be eaused by poor

\  blood flow to the muscles of the
upper back and neck.

www.dysautonomiainternational.org

10
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Pretzel Legs

v A ’

Water Bottle Sign

21

Fig. 1. Both of this POTS patient's legs become acrocyanotic within 5min of
standing. The acrocyanosis dissipated in the right leg after elevating it on a
counter for 3 min immediately prior to this photo.

POTS Legs

22

11
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Assessing Orthostatic
Tolerance

The transition from supine

position to standing causes: Upright position: Standing
- redistribution of 300-800 ml of Bl°_°d '?'olume
redistributed
bleod volume to the lower limbs = "
and the splanchnic circulation Venous pooling and
Cerebral autoregulation 4’: capillary filtration

- BP reduction above the heart
Baroreflex counterregulation ¢

Cerebral blood volume)

Humoral activation

Splanchnic vasoconstriction — B Stalavoimel
Supine: : t
Cential blood Cardiac output]
volume high / l
Skeletal muscle Baroreflex

pump activation counter-regulation

-

Heart rate]
Vasoconstriction
Humoral activation

Figure 1. Physiological mechanisms involved in regulating blood flow with orthostasis (left) and order of
activation of physiological changes that occur with standing (right).

24
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50

30

E& conrol

E Normal Flow

Percent Change in Segmental Blood Volume

.50 L 1 L 1
Thorax Splanchnic Pelvic Leg

Figure 2.
Percent change in segmental blood volume in patients with normal-flow POTS (n = 15)
compared with control subjects (n = 12) during 70° upright tilt. There is enhanced thoracic
hypovolemia and reciprocal splanchnic hypervolemia when upright.

Diagnosis and Te g 1o e PO
Step 1: Heart rate and blood pressure are documented after able fe o
the patient lays down for 10+ minutes o

Step 2: The patient is tilted. Heart rate and blood pressure
are documented continuously for the next 10+ minutes

Diagnostic criteria:

Tiit0ta 75
= Heart rate change of 30+bpm degree
« Or heart rate hits 120bpm
\ P
imensy
S oo
oo B0
_l ‘ - | S
ne
[ E— —
Table1 Summary of active stand and head up lt testing
Active stand testi Head up tilt testing
Heart rate evaluation First line diagnostic tool for PoTS Elicits greater orthostatic tchy-

cardin
Blood pressure evaluation May elicit imtial orthostatic hypotension |
(& [ May be performed in the physician's office | Requires specialized equipment
§c|:|.\|li\'1|}-('.-i i "_H? o o .ll.‘" -

26
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8

2.POTS
200

1. Normal
200
—/_—-—_——_—_ 80
HR ®
£ 160
2 F
BP ] H
o
= 120) 2
3 1
2 s
)
{40
| Time
Supine Upright
40

]

Blood Pressure
3

-3

27

HR and BP after
10-15 minutes of
quiet supine rest

HR and BP every
1-2 minutes for
10 minutes while
standing/leaning
in upright posture

Evaluate for Orthostatic Intolerance:

10-Minute NASA Lean Test

%, Bateman Horne Center

RESEARCH | €

| WA

7/27/2022

28
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29

" “Blood Pressure (BP) ]

Systolic | Diastolic

Comments

Supine 1 minute

Supine 2 minute

Standing 0 minute

Standing 1 minute

Stand:_ng 2 minute /)_ 2 ;} ;;/

Standing 3 minute J1¢ '

Standing 4 minute 7y ’6{2#_( M/ .
Staering Smirrmte” };’4 G i 7 >
Standing 6 minute facd M%

Standing 7 minute ) Je _7{”;/; Y
e By e | 77
sendap ameite ffzp (ML | 0y

Standing 10 minute =

HR Increase
> 45 bpm

30

Figure 1. Evening and Morning Heart Rate Parameters

A

40+ P=0.031 P=0.001
‘E 304 e e e e e e e e e e
a,
o 204
& 20
© .
: -
E 104 %

0+

Control

Patients with POTS (n=54; 35+2 years; 85% female) vs. 26 controls.

5 min stand (Meds stopped)

w

Standing HR (bpm)

P=0.012

i

POTS

Clin Sci (Lond). 2012 January 1; 122(1): 25-31.

Diurnal Variability in Orthostatic Tachycardia: Implications for
Postural Tachycardia Syndrome
Jordan A Brewster, MD"23, Emily M. Garland, PhD MSCI'23, Italo Biaggioni, MD"23:4,

Bonnie K Black, RN CNP'2.3 John F Ling, BS MSZ2, Cyndya A Shibao, MD MSCI'2.3.4,
David Robertson, MD"2348 and Satish R Raj, MD MSCI'.23.4

P=0.005

Control

15
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Diurnal Variability in Orthostatic Tachycardia: Implications for
Postural Tachycardia Syndrome

Jordan A Brewster, MD"23, Emily M. Garland, PhD MSCI'23, Italo Biaggioni, MD"23:4,
Bonnie K Black, RN CNP'2.3 John F Ling, BS MSZ2, Cyndya A Shibao, MD MSCI'2.3.4,
David Robertson, MD"2348 and Satish R Raj, MD MSCI'.23.4

Figure 1. Evening and Morning Heart Rate Parameters

Patients with POTS (n=54; 35+2 years; 85% female) vs. 26 controls.
5 min stand (Meds stopped)

Clin Sci (Lond). 2012 January 1; 122(1): 25-31,

Making a Diagnosis

16
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Clinical Suspicion of POTS

I Routine Blood Tests

Initial Evaluation

History, orthostatic vitals,
physical exam, ECG

Complete blood count, electrolytes
(Na*, K CI"), renal function
(creatinine and urea), ferritin, thyroid
stimulating hormone and AM cortisol

Symp and H dy ic Criteria
Apply clinical classification
Identify associated disorders

Is diagnosis

No Consider further
and

evaluations/refe

clear?

Suspicion of Neur:r:o?ial Suspicion of autonomic
Ye structural heart deficits neuropathy
es .
disease or
arrhythmias

No additional
evaluation needed Autonomic Testing:
= Tilt-table test
card“w_as‘“hr Catecholamines determination
Testing: Neuroimaging Valsalva maneuver deep breathing test
External ECG monitoring EEG Thermoregulatory sweat test
echocardiogram EMG Quantitative Sudomotor Axonal Reflex Test
exercise stress test

24-hour urine sodium, blood volume measurement,
and anti-nicotinic ganglionic antibodies

33

Box 3: Other conditions that could explain sinus
tachycardia on standing®

Absence of
Other Causes

» Acute hypovolemia (from dehydration or blood loss)
® Anemia

* Qrthostatic hypotension

* Endocrinopathy

» Adrenal insufficiency Table4 Medications that can cause PoTS-like tachycardia

« Carcinoid tumour Medication type Effect Examples
Vasodilators Vasodilation, reduced blood return Nitroglycerin
* Hyperthyroidism Diuretics Decreased fluid volume Drospirenone Oral Contra-

ceptive

* Pheochromocytoma

Norepinephrine transporter (NET) inhibi- | Reduced norepinephrine reuptake | Atomoxetine, reboxetine

34

Recreational drug effects

- . tors

» Adverse effects from medication
Selective-norepinephrine reuptake inhibi- | Reduced norepinephrine reuptake Duloxetine, venlafaxine

* Panic attacks and severe anxiety st
Tricyclic Antidepressants Reduced norepinephrine reuptake | Nortriptyline

* Prolonged or sustained bed rest Attention Deficit Hyperactivity Disorder | Sympathomimetic Methylphenidate, Ampheta-
Medications mine

.

Beta-adrenergic Receptor Agonists

Direct ionotropic effects. Vasodilation | Salbutamol

17
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[ ] |
The face of postural tachycardia syndrome — insights from a

large cross-sectional online community-based survey

® B. H. Shaw' (3, L. E. Stiles™®, K. Bourne', E. A. Green®, C. A. Shibao®, L. E. Okamoto®, E. M. Garland®, A. Gamboa,
A. Diedrich®, V. Raj'*, R. S. Sheldon', 1. Biaggioni®, D. Robertson® & S. R. Raj™*

Table 2 Common in POTS

Nurmber (%] (of
3933 respondents)
1557 (40%)

Comorbidity
Migraine headaches

Irritable bowel syndrome 1192 (30%)
Ehlers Danlos syndrome 994 (25%)
Chronic fatigue syndrome 809 (21%)
Asthma 798 (20%)
Fibromyalgia 786 (20%)
Raynaud’s phenomena 610 {16%)
Iron deficiency anaemia 628 (16%)
Gastroparesis 548 (14%)
Vasovagal syncope 499 (13%)
Inappropriate sinus tachycardia 448 (11%)
Mast cell activation disorder 353 (9%)
Autoimmune discase 616 (16%)
Hashimoto’s thyroiditis 228 (6%)
Coeliac disease 133 (3%)
SjAgren’s syndrome 112 (3%}
Rheumatoid arthritis 93 (2%)
Lupus 81 (2%}
Other 160 (4%)

Journal of internal Medicine, 2019, 286; 433-448

FIGURE 4 Coexisting Conditions kn POTS

Paents often relate many other sympioms and comorbadities that ae ot

pinyialogaally explained by orthostatic tachycardi. Some of thete perunt

even with resclution of orthostatic intekerance. These include chronic fatiguee

symdrame, joint Fypemablity and EDS, siteimmione diaasses, sty and
RV I . functional | disorders, fids

megraine, and concussion. EDS - Ehlers-Danfos syndrome;

Gl == gauirointestingl; POTS - postural arthosiatic tachycsndia syndome.

35

TREATMENT

18
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DYSAUTONOMIA INTERNATIONAL

Education

AboutPoTS Managing PoTs  AboutUs v Support PoTS UK~ PoTS for Medics v~ Clinics

‘
RESEARCHERS > 8
Awareness
g [Re
PHYSICIANS E [y
i e
FAMILY & FRIENDS
EDUCATORS
EMPLOYERS

Postural Tachycardia Syndrome
(PoTS) can be a life altering and
debilitating health condition.

Simply standing up can be a challenge for affected people as
their body is unable to adjust to gravity.

The -

fdp ooa Dysautonomia
e PROJECT

isorde
for Physicians
and Patients /

Dysautonomia

Recent Articles

-Withdrawal of culprits
-Hydration (3-4L/day)
-Salt (10g/2 tsps)
-Exercise/Counterpressure
-Compression Garments

}-Some
H %

-
1

|Tl€h9!_:lldhl [MBIMW’?(&‘P’“G” I"Hlﬂ\lﬂamlal I Hyp-raduna:glc |

I
| propranolol | | midrodrine l Iﬂudrocortisonel |methyldopa |
} ! |

[ ivabradine | [pyridostigmine]

Figure 4. Postural orthostatic tachycardia syndrome treatment algorithm: a suggested treatment algorithm for patients with postural orthostatic
tachycardia syndrome.

19
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Non-

Pharmacological )t\ /"‘
Treatment

FiGuRc 8 tions. iting

)\

Large/Heavy Meals 4
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Nutritional Factors
that Improve POTS

Sinptone Factors that
Stabilize POTS
O Symptoms
= Small frequent meals
I e a r 2-3 Lwater « Start fluids early in the AM
10-12 g salt + Reduce refined carbohydrates
(as tolerated) + Manage digestive symptoms
= Refer for celiac screening, if
M » Alcohal appropriate
Caftene = Screen for eating disorders
anipulation < e
paced recumbent activity
* Refer to physical therapist
if appropriate
Nutritional Factors i z:rd'"m Wittt
that Exacerbate POTS m
Symptoms
Figure 3. Nutritional guidance for postural orthostatic tachycardia syndrome
(POTSL* " =

* Consume 2-3 L of water daily™'
Start fluids early in the moming, even before getting out of bed *
= Increase sodium as tolerated, up to 10-12 g/d”
‘Consult with medical team regarding sedium goal
If not provided, start with 6 g salt daily, divided throughout the day. increase gradually™”
Patient can add salt to food. Or, if needed, patients can use slow-release salt tablets™’'
Too much salt at one time can trigger nausea®'
= Patients should avoid alcohol, which may increase symptoms of POTS'
« Patients should avoid caffeine, which may increase symptoms of POTS
* Patients should avoid dehydration, which exacerbates the symptoms of POTS '
* Small frequent meals and fewer refined carbohydrates are recommended for glycemic balance'”
*  Coord all recorm dations with interp: nal team

Figure 2. Current dietary recommendations for postural orthostatic tachycardia syndrome.

JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS

T
Effect of High Dietary Sodium m

Intake in Patients With Postural

TaChyca rd Ia syn d ro me TABLE 3 Dietary Sodium and Responses to Orthostatic Stress
Emily M. Garland, PuD, MSCL? Alfredo Gamboa, MD, MSCL* Victor C. Nwazue, MD, MSCL? Jorge E. Celedonio, MD,* POTS vs. Control
Sachin Y. Paranjape, BS,* Bonnie K. Black, RN, NP,” Luis E. Okamoto, MD,* Cyndya A. Shibao, MD, MSCL® Ao Sedjumm e Migh Sedium DIsts Rbleas
Italo Biaggioni, MD,*" David Robertson, MD,*"* André Diedrich, MD, PuD,* William D. Dupont, PuD,* POTS Controls Diat .
Satish R. Raj, MD, MSCI** pValue p Value
for Low for High
Low Sodium  High Sodium  p Value  LowSodium  High Sodium  p Value Sodium Sodium
Supine
Heart rate, beats/min 73 (62-78) 69 (6172) 0055  70(57-73) 62(53-75) 0133 0157 0525
Systolic blood pressure, mmHg 105 (103-108) 104 (99-115)  0.891 105(100-112) 108 (98-118) 0520 0746 0510
FIGURE 1 Crossover Design of Dietary Sodium Study in POTS %
Dastolic blood pressure, mm Hg 65 (63-71) 64(58-74) 0775  65(58-70) 67(63-70) 0332 0952 0.746
Narepinephrine, pa/ml 248(162-332) 166 (90-332) 0088 135(104-225 108(84-162)° 0018 0030 0193
Epinephrine, pa/ml. 21 (1231 1(5720) 0009 14(66-19 20 (67-28¢ 0060 0143 0163
Plasma renin activity, ng/mi/h 41(09471 07(0216} 0039 27(1550% 03(01155 0029 0606 0734
Low Na* Diet High Na* Diet Aldosterone, ng/dl 206 (157-249) 46 (34-58)  <0.001 131 (103-204) 41(30-53) <0001 0.094 0.430
(10 mEq/day) (300 mEq/day) Upright
el Heart rate, beats/min 129 (12441} 17 (98121 0002 96 (88-101) 85(77-95) 0091 <0.001 <0.001
R Systoli blood pressure, mmHg  112(103-116)| 6 (11-122)¢ 0424 2005117} W1 (107-18) 0720 0910 042
~ High Na Diet Low Na* Diet Distalic bood presurs, mm g 68 (6273) TI(67-80)¢ 0265  78(69-80) 75(74-80) 0905 0026 0150
(300 mEq/day) (10 mEq/day) MNorepinephine, pg/ml 959 (736-1161) 753 (498-919) 0.017 520 (391-693)"* 387 (312-433)"* 0.014 <0.001 <0.001
Epinephrine, po/ml 59 (33-86) 36(12-68) 0130 30 (2446 24 (2149 0700 0030 0752
Plasma renin activity, na/mi/h 246 (13226}t 29 05506 0002 73339317 10(0.619)% 0008 0011 013
Adosterone, ng/dl 455(250-650) 64 (52-01) €0.001 444 (277-515)  74(52-129) <0001 0473 0302
Change from supine to upright —
Heart rate, beats/min 60 (55-64) 46(3255) 0,001 1 23(19-36) 190132 0266 <0.001 <0.001
I I I . I l // |—+—| %ﬂmﬂl 5(0-8) 41 0673 0829 0395
Screen 6 day diet Eval 6 day diet Eval Diastolic blood pressure 2 (1.9 & (0-9 0.416 10 (4-16) 1713 0551 0019 0077
295 (264-482) 304 (189-332) 0.019 <0.001 <0.001
\ / pinephrine, pa/m Tt zgiy Oa%0 2101329 15(25-3) 0772 0040 0363
Plasma renin activiy, na/m/h -~ 216 (10.9-25.3)  1.4(0.546) 0008 4.4(0669) 08(0614) 0078 0023 0285
Similar Phase of Menstrual Cycle Aldosterone, ng/dl 261 (164-431)  23(8140) <0001 200 (147-351)  23(12-79) 0002 0488 0239

(J Am Coll Cardiol 2021;77:2174-84)
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Effect of High Dietary Sodium m
. . . —_—
Intake in Patients With Postural
Tachycardia Syndrome
Emily M. Garland, PuD, MSCL? Alfredo Gamboa, MD, MSCL? Victor C. Nwazue, MD, MSCL? Jorge E. Celedonio, MD,*
Sachin Y. Paranjape, BS,* Bonnie K. Black, RN, NP,* Luis E. Okamoto, MD,* Cyndya A. Shibao, MD, MSCL,*
Italo Biaggioni, MD,*" David Robertson, MD,* André Diedrich, MD, PuD,*¢ William D. Dupont, PuD,*
Satish R. Raj, MD, MSCI*
p=0008 C 60 p<0.001
=0.002 4 < 0.001 =]
304 p = 100 ' P - p=0.109
E
£ 1 -
= & 80 &40 p=0.002
g 3 p=0.266 1
= S 60  — 8
30
S o " o p=0.789
T " T P=000
= = 404 2 20
a £ o
3 2 g
4 T 204 |_|P =0.001 > 10 =
<
= <0.001
3 o4 E 0
Ls Hs Ls Hs Ls HS Ls HS
POTS HC POTS HC
(J Am Coll Cardiol 2021;77:2174-84)
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Compression Garment Reduces
Orthostatic Tachycardia and Symptoms
in Patients With Postural Orthostatic
Tachycardia Syndrome
Kate M. Bourne, BSc, Robert S. Sheldon, MD, PuD, Juliette Hall, Matthew Lloyd, PuD, Karolina Kogut, BSc,
Nasia Sheikh, BSc, Juliana Jorge, MD, Jessica Ng, MSc, Derek V. Exner, MD, MPH, John V. Tyberg, MD, PuD,
Satish R. Raj, MD, MSCI
130
FIGURE 2 Compression Garment Configurations Used in HUT E
é 120
% 1o
£ 100
% 90
= x 80
Full Compression E 5
T 60
-4 -2 0 2 4 6 8 10
Duration of Head Up Tilt (Minutes)
- None ¥ Full
NONE LEG ABDO FULL
Representation of the compression conditions: lower leg (LEG), ion (ABDO), and full
(FULL). The garment was made of neoprene and Velcro, allowing the segments to be fastened in different arrangements. Each participant
completed 4 10-min head-up tilt tests (HUTs) with each of the 4 compression conditions, in a randomized order.
Bourne, KM. et al. J Am Call Cardiol. 202177(3):285-96.
JACC VOL. 77, NO. 3, 2021
JANUARY 26, 2021:285-96
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[ ] |
Compression Garment F

Orthostatic Tachycardia

in Patients With Posture ©Lifewrar’
Tachycardia Syndrome Har e

Kate M. Bourne, BSc, Robert S. Sheldon, MD, PuD, Juliette |
Nasia Sheikh, BSc, Juliana Jorge, MD, Jessica Ng, MSc, Derel
Satish R. Raj, MD, MSCI

FIGURE 2 Compression Garment Configurations Used in HUT
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4 2 0 2 4 6 & 1o
Duration of Head Up Tilt (Minutes)

-e None ¥ Full

Representation of the compression conditions: lower leg compression (LEG),
(FULL). The garment was made of neoprene and Velcro, allowing the segmer

completed 4 10-min head-up tlt tests (HUTS) with each of the 4 compressio
2021,770)285-%6.

Lk JACC VOL, 77, NO. 3, 2021
JANUARY 26, 2021:285-96
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Strategies to Avoid Upright Exercise

Exercise
e

Seated Rower Swimming Recumbant Bicycle

Many studies have demonstrated improvement symptoms and QOL with
exercise

Must be approached cautiously with emphasis on starting low and going
slow — similar to cardiac rehabilitation

® Warn patients — initially may feel worse
® Improvement will take months not days / weeks

CHOP / Dallas Protocol

46
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Medications

General Comments

Goal of pharmacological therapy is symptomatic improvement not cure

Individualization

Trial and error

Go slow with conservative dosing

48
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Pharmacological treatments for postural orthostatic tachycardia syndrome
Quality of
Drug Dosing evidence* Adverse effects Other considerations
Heart rate inhibitors
Propranolol 10-20 mg orally up to 4 times daily Moderate Hypotension, bradycardia, Can worsen asthma
bronchospasm
Ivabradine 2.5-7.5 mg orally twice daily Moderate Visual disturbances, Expensive
bradycardia
Pyridostigmine 30-60 mg orally up to 3 times daily Low Increased gastric motility
and cramping
Vasoconstrictors
Midodrine 2.5-15 mg orally 3 times daily Moderate Headache, scalp tingling, Avoid within 4 hr of bedtime to
supine hypertension avoid supine hypertension
Sympatholytic drugs
Methyldopa 125-250 mg orally twice daily Low Hypotension, fatigue, Start with a low dose
brain fog

Clonidine 0.1-0.2 mg orally 2-3 times daily or Low Hypotension, fatigue, Start with a low dose;

long-acting patch brain fog withdrawal can lead to rebound

tachycardia and hypertension
Blood volume expanders
Fludrocortisone 0.1t00.2 mg orally per day Low Hypokalemia, edema, Serum potassium should be
headache monitored

Desmopressin 0.1to 0.2 mg orally per day, as needed Low Hyponatremia, edema Serum sodium should be

monitored if used chronically

*We critically appraised the literature using gof
as high, moderate, low or very low based on the likelihood that further research would change confidence in the estimate of effect.

and Evaluation (GRADE) methodology.* We rated the quality of the evidence

Can J Cardiol 2020; 36(3):357-372

50

-Withdrawal of culprits
-Hydration (3-4L/day)
-Salt (10g/2 tsps)
-Exercise/Counterpressure
-Compression Garments

T T R 0TI JO | e T
1

1 Some patients may need step 1 and step 2
! i ly if severe !

[ichycorda] - [LowBioodPressure supine)] - [Hypovetemia] [ Hyperadrenersc |

I
| propranolol | | midrodrine l Iﬂudrocortisonel |methyldopa |
} ] |
[abredne | [pyndostigmne]

- -
Figure 4. Postural orthostatic tachycardia syndrome treatment algorithm: a suggested treatment algorithm for patients with postural orthostati
tachycardia syndrome.

25



2025-02-21

Propranolol Decreases Tachycardia and Improves
Symptoms in the Postural Tachycardia Syndrome
Less Is More

Satish R. Raj. MD. MSCI; Bonnie K. Black, RN, CNP; [talo Biaggioni, MD; Sachin Y. Paranjape, BS;
Maricelle Ramirez; William D. Dupont, PhD: David Robertson. MD

Standing B Seated [ Orthostatic Change A PG Placebs
——Prop20mg - Placebo —+—Prop20mg == Placebo e
——Prop20ng & Placebo E & ; :
~~ Se——gl =& -~
e E g i § 4
ﬁ 1 -1
g § " P=0010 P=0.044
& = Wilcoxon
P ] R S TR TR VT
Time Post Dose Time Post Dose < 10
(Circulation. 2009;120:725-734.)
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Propranolol Decreases Tachycardia and Improves
Symptoms in the Postural Tachycardia Syndrome
Less Is More
Satish R. Raj. MD. MSCI; Bonnie K. Black, RN, CNP; [talo Biaggioni, MD; Sachin Y. Paranjape, BS;
Maricelle Ramirez; William D. Dupont, PhD: David Robertson. MD
B Seated c Orthostatic Change B Prop 20mg Prop 80mg
—=—Prop 20mg -+« Prop 80mg ?
g
i i' § L -1
Trerevageremrg <
P=0.041
aH Pre 1H 24 34  4H Pre 1 24 3H  4H 4 Wileaxon
Time Post Dose Time Post Dose -
(Circulation. 2009;120:725-734.)
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Randomized Trial of Ivabradine in
Patients With Hyperadrenergic Postural
Orthostatic Tachycardia Syndrome

i.

Pam R. Taub, MD,"* Adena Zadourian, BS,™* Hannah C. Lo, BS,” Cameron K. Ormiston, BS,” Shahrokh Golshan, PuD,”
Jonathan €. Hsu, MD, MAS®

TABLE 2 The Effect of Ivabradine on Heart Rate CENTRAL ILLUSTRATION Ivabradine Improves Heart Rate, Quality of Life, and Norepinephrine
Levels in
Baseline Ivabradine Placebo P Value Cohen's D 95% O
Supine heart rate, beats/min BE-TN7  B40L65 7I5-128 0001 136 0.706-1.820 Before Ivabradine " After lvabradine
One Month Interventio
" loies 7o o3 L 1.05 0.544-158 it teobradig
—nen >
Delta heart rate (standing vs. supine), beats/min 214153 131 =86  17.0=104  0.001° 0.753 03001250
—— l i T QoL
NE
TABLE 3 The Effect of Ivabradine on Quality of Life (SF-36)
Baseline Ivabradine Placebo p Value Cohen's D 95% CI
e s o \
Physical functioning 416+ 218 534+ 270 4414224 0.008"° 0570 0308-0854 S
pﬂysn:a Ega th 13T +£245 ﬁ,ﬁ + 200 Z261=343 0 0.223 0.000-0575 —
Emational problems 534 £450 621+ 432 57.2 £ 447 0567 0.000 0.000-0.378 — S—
Vitality 19.0 £ 169 308 + 244 2384205 0102 0.289 0.000-0.628 Heart Rate (HR) Quality of Life (QOL) Norepinephrine (NE)
Emational well-being 6182165 6394174 500 +188 0104 0286 0.000-0.626 < ivabradine Ivabradine decreased:
. T ) 5 ' lowered: significantly improved:
Secial functiening 4321287 56.6 + 311 48L273 0.021 0.477 0.228-0.800 ey N
Pain 487 £332 514+309 402:307 0.232 046 0.000-0525 i oo SEnyscal functioalng to standing
ek HEfom spée +Social functioning
General health 15185 331193 27182 0.897 0.000 0.000-0.046 tostanding
==
Taub, P-R. et al. } Am Coll Cardiol. 2021;77(7):861-71.
TABLE 4 The Effect of Ivabradine on NE Levels
tachyend syndrome (0 mptomsof artnostai
Baseline Iwabradine Placebo pValue  Cohen's D 95% I Intlerance pon stancing and havea reduced GOL. Afer 1 month of Nabradine, patients exbied signifcant improverments n heatrate
SR TR R T PN T T T 274 0L o s s e 5 e o o o prts i s
Standing NE, pa/ml 10460 £ 3465 9143 13585 1055453712 0076 0.337 0.000-0.829
Delts NE (standing vs. supine), pafml 5881 £3162 442322326  5321:2590  0.0% 0377 0.000-0.866
0.030°
T —

FERRUARY 21 2021:851-T1
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Box 4: Suggested initial approach to treatment of
patient with postural orthostatic tachycardia syndrome
* Nonpharmacological treatments
+ All started at initial visit
» Water3L/d
« Salt5mL/d (2tsp/d)
* Waist-high compression garments
* Pharmacological treatments
+ May start at initial visit if symptoms are severe

+ |f standing heart rate very high: propranolol 10-20 mg,
4 times per day

= Ifstanding heart rate very high and B-blocker is
contraindicated: ivabradine 5 mg 2 times per day

» |f standing heart rate is not too high and blood pressure is
low: midodrine 5 mg orally every 4 hours, 3 times per day
{8 am, noon, 4 pm)

Note: tsp = teaspoon.
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Questions ??
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