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Practical POTS for the 
Practical Pediatrician
Pointers to Prepare the Previously Pessimistic 

Provider to Provide Premium Proclamations to these 
Periodically Prickly Patients

Camden Hebson, M.D.
Pediatric Cardiology

Born: Oct 24, 1979
Gadsden, AL

Cam’s POTS 
Journey

Aware of POTS, dislikes it

2002
Went to medical school

First job at CHOA
Seeing lots of POTS pts

Blissfully unaware POTS existed

1

2

3



01/31/2023

2

Time Patient Reason for Visit

8:00 Otterton, Emmitt POTS 2nd opinion

8:15 Fitzherbert, Eugene Syncope

8:30 Hamada, Hiro Dizziness

8:45 Moana of Motunui Dizziness and headache

9:00 Darling, Michael Dysautonomia eval, from Neuro

9:15 Merida of DunBroch Near syncope, Aunt with POTS

9:30 Von Schweetz, Vanellope Dizziness, syncope, palpitations

9:45 Calisto, Miles Tetralogy, but worried about POTS

10:00 Kion the Lion ? POTS

10:30 Apatosaurus, Arlo Syncope, palpitations

10:45 Turtle, Crush Cousin with dysautonomia, worried it is 
contagious

Alpharetta Clinic

Born: Oct 24, 1979
Gadsden, AL

Cam’s POTS 
Journey

2002
Went to medical school

First job at CHOA
Seeing some POTS pts

Dr. Mike McConnell

Blissfully unaware POTS existed
Enjoys taking care 
of these patients!

2017: Joined UAB/COA
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•Definitions and Pathophysiology

•Clinical Pearls

•Treatment Options

•Outcomes 

Today’s Agenda - POTS

Definitions
• Orthostasis

– assuming the upright position

• Orthostatic tachycardia
– sustained ↑HR (> 30-40 bpm) within 3 min of standing/tilt

• Orthostatic hypotension
– sustained ↓SBP  > 20 mmHg or diastolic BP > 10 mmHg within 

3 minutes of standing/tilt

Definitions (2)
• Orthostatic intolerance

– Symptoms of lightheadedness, dizziness, blurry vision, etc that 
occur with assuming upright posture

– Symptoms resolve with resuming supine position
– Symptoms are principally due to initial decrease in cerebral 

perfusion and the circulatory response (↑HR, ↓BP)

• Vasovagal syncope
– Loss of consciousness and postural tone
– Due to reflex decrease in HR and/or BP
– Stimuli: hypovolemia, standing, pain, emotional startle
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Tilt Table Record from a Healthy Volunteer

From Stewart, J Peds 2013

Orthostatic tachycardia

From Stewart, Pediatrics 
2017
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Orthostatic hypotension

From Stewart, 
Pediatrics 2017

Vasovagal Syncope

Postural Orthostatic Tachycardia Syndrome
• POTS is a clinical syndrome of orthostatic intolerance
• Definition

1. Daily / significant symptoms of orthostatic intolerance 
2. Sustained increase in HR (> 30-40 bpm) within 10 minutes of 

upright posture / tilt testing
3. Symptoms are chronic (> 6 months) and relieved by 

recumbence
4. Diagnosis of exclusion

• Practical Additions
• Requiring treatment with medications
• Symptoms are severe enough that the patient is missing school 

or work
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Pertinent POTS Points
• Increasing incidence?

– Individual institutions – 4x increased rate of 
diagnosis starting ~ 2012*

• 5:1 female-to-male ratio**

• Cause?
– Many report onset of symptoms after a surgery, 

concussion, or illness (influenza, mononucleosis)
– Hypermobility and EDS

• Diagnosis of Exclusion
– Medications
– Thyroid disease, anemia
– Primary psychiatric
– Screen for eating disorders!

*  Brinth L.  Auto Neurosc 2018
** Sheldon.  Heart Rhythm 2015

Dysautonomia and POTS
• “Sister” diagnoses
•Dysautonomia

• Significant orthostatic intolerance
• Prominent autonomic symptoms

• Abnormal sweating
• Heat/cold intolerance
• Sleep disturbance
• Gastroparesis
• Urinary retention

Orthostatic Intolerance

POTS Dysautonomia

Orthostatic
Hypotension

Vasovagal 
Syncope
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The Challenge of Standing
• Initial physiology of orthostasis

– In adults, > 500 mL of blood is 
transferred caudally with standing

– Decreased venous return to the 
heart  decreased stroke volume, 
CO, and ultimately BP

– Symptoms (LH, nausea, vision 
change) coincide due to transient 
decreased cerebral perfusion

BP = CO * SVR

Compensatory Responses to Orthostasis
• Without these, we would pass out all 

the time!
1. Role of arterial baroreceptors
2. Autonomic nervous system
3. Skeletal muscle pump

Arterial 
Baroreceptors• Located in the aortic arch and 

carotid sinus

• These receptors respond to 
arterial wall stretch 

 when BP rises and the walls 
stretch, baroreceptor firing 
increases

 if BP falls, baroreceptor firing 
decreases
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Autonomic Response to Decrease in BP
• Under normal conditions, baroreceptor 

firing exerts a tonic inhibitory influence 
on sympathetic outflow from the 
medulla

• Acute hypotension  decreased 
baroreceptor firing  SNS activity from 
the medulla  vasoconstriction, 
tachycardia, etc.  restoration of BP

• Standing or upright posture actuates 
this response

BP = CO * SVR

The Skeletal Muscle Pump

• Skeletal muscle aids the heart in 
circulating blood through the body 
by “pumping” venous blood back to 
the heart with muscular contractions

– Particularly important in the legs

• Importance of exercise in patients 
with orthostatic intolerance
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When It All Goes Wrong

Pathophysiology of Vasovagal Syncope
• Venous pooling results in sudden reduction in blood return 
to the heart and compensatory SNS activity

• Sympathetic input to the heart can result in overly vigorous 
cardiac contractions

• These contractions result in stimulation of specialized 
myocardial C fibers, sending a stimulus BACK to the 
brainstem that is interpreted as “hypertension”

• Brain stem response (vagal nerve mediated) leads to 
hypotension and bradycardia, and thus syncope

26

DiVasta AD. Alexander ME Current Opinion in Pediatrics. 16(4):350-6, 2004 Aug.

25

26

27



01/31/2023

10

Did you just say 
“LV C-fiber 
stimulation”?

How I Explain It To Patients
Sudden or 
prolonged 
upright 
position

Gravity
↑Pooling in the 

legs
↓Blood return to 

the heart

Dizziness
Vision changes

Heart racing

POTS
(Extreme, 
recurrent)

Brain reflexes
Reflex ↓HR/BP

Syncope

Supine 
-restore brain 
perfusion
-regain 
consciousness

↓Cerebral 
perfusion

Adrenaline 
“surge”

Hair braiding
Emotional startle
Needle stick
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Left Ventricular Geometry and Function Preceding Neurally
Mediated Syncope
Liu, et al Circulation 2000; 101:777-783

Table 2: Stroke Volume at Baseline and After Upright Tilt, as 
Assessed by Echocardiogram

N = 21 Supine Upright

Negative 
Tilt

Positive 
Tilt

P Negative 
Tilt

Positive 
Tilt

P

Stroke 
Volume 
(mL)

68 ± 18 63 ± 18 NS 66 ± 22 44 ± 13 0.01

Left Ventricular Geometry and Function Preceding Neurally
Mediated Syncope
Liu, et al Circulation 2000; 101:777-783

Table 2: Stroke Volume at Baseline and After Upright Tilt, as 
Assessed by Echocardiogram

N = 21 Supine Upright

Negative 
Tilt

Positive 
Tilt

P Negative 
Tilt

Positive 
Tilt

P

Stroke 
Volume 
(mL)

68 ± 18 63 ± 18 NS 66 ± 22 44 ± 13 0.01

-Sustained decreased venous return to to the heart 
hypovolemia, excessive venous pooling in the legs, etc.
-Sustained decreased stroke volume 
-Sustained decrease in cerebral perfusion  symptoms

Left Ventricular Geometry and Function Preceding Neurally
Mediated Syncope
Liu, et al Circulation 2000; 101:777-783
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The “downward 
spiral” of POTS
-Several factors culminate 
(? susceptible individual, 
inciting event, etc.), 
ultimately leading to 
diminished activity, 
bedrest, deconditioning, 
and potentiation of 
symptoms

•Definitions and Pathophysiology

•Clinical Pearls

•Treatment Options

•Outcomes 

Today’s Agenda - POTS

Assessment of the Patient with Orthostatic 
Intolerance

The best “test” is a detailed medical history
• Symptoms

• Dizziness
• Palpitations
• Headaches
• Fatigue
• “Brain fog”
• Syncope – preceded by dizziness?
• Anxiety
• Joint pain, GI intolerance

• Frequency, duration, and severity of symptoms – meeting criteria for POTS?
• Body position at time of symptoms?  Relieved by recumbence?  Timing (morning, 

before lunch)?
• Stressor at onset of symptoms (viral illness, concussion, surgery, etc.)
• Fluid and salt intake?  Breakfast? Exercise?  Missing school?
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Dizziness
Fatigue

Palpitations
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Anxiety

Depression

Missed school

“Somethings wrong”
Positive orthostatic 
vital signs

Can’t exercise
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Vitamin D 
deficiency

Constipation/Diarrhea
Tachycardia

Shortness of breath

Hopelessness
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Leg discoloration
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Can’t concentrate

Insomnia

Satish R.  Heart Rhythm 2016.  
Slide courtesy of “Quantifying the POTS Patient 
Experience.”  Lauren Stiles, JD.  Dysautonomia 
International.  Presentation 2016. 

Diagnostic Delay – POTS and Dysautonomia

• Average delay ~ 50 months
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Satish R.  Heart Rhythm 2016.  
Slide courtesy of “Quantifying the POTS Patient 
Experience.”  Lauren Stiles, JD. Presentation 2016. 

Satish R.  Heart Rhythm 2016.  
Slide courtesy of “Quantifying the POTS Patient Experience.”  Lauren Stiles, JD.  Dysautomia International.  Presentation 2016. 

Bryarly M. J Am Coll Cardiol.  2019
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Vasovagal syncope
-NOT so prominent a 

symptom in POTS patients

-Only described in ~30% of 

patients with chronic 

symptoms related to POTS*

-Lots of syncope?  
*Shen.  JACC 2017

Physical Exam – Orthostatic 
Intolerance

Beighton Hypermobility Score

Tilt Table Testing
• De facto standard for orthostatic stress testing
• Patient is strapped snuggly to the table 

limits skeletal muscle pump, therefore more 
autonomic ”stress”

• Not routinely used 
• Sensitivity and specificity less than perfect
• Cumbersome
• Orthostatic vital signs instead

• Can be useful if a primary psychiatric cause is 
being considered

• Controlled setting
• Syncope w/o hypotension (SBP < 60-65 mmHg) or 

bradycardia (HR < 40 bpm or asystole)
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We do have a 
tilt table!

Not Routinely 
Used

Real Life Example
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Orthostatic Vitals – 3 Minute Standing Test
• Recommendations

1. Baseline HR, BP – lying down

2. Then stand, no need for sitting vitals

3. While standing, wait and take HR and BP at:

- 1 min, 2 min, 3 min 

- Patient should stand as still as possible

3 Minute Standing Test
• Same unruly patient from 
earlier

Lab Testing for POTS

• Vitamin D deficiency

• Iron deficiency
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Vitamin D deficiency
• Associated with orthostatic 

hypotension in adults1,2

• Association in children has not been well-
defined

• Also associated with depression and 
anxiety3-10  frequent cohabitants!

• Goal: 25-Vitamin D > 40 ng/mL 
• Dose: Vitamin D3 4000 IU daily in 

adults, 1000 IU per 25 lbs in kids

1. Annweiler C. J Intern Med 2014
2. McCarroll K. Age Ageing 2012
3. Parker G. J Affect Dis 2017
4. Anglin R. J Psych 2013
5. Balion C. Neurology 2012
6. Wu C. Medicine 2016
7. Huang J. J Women Health 2014
8. Armstrong D. Clin Rheum 2007
9. Kelley L. J Dev Orig Health 2016
10.Bicikova M. Phys Res 2015

Iron Deficiency
• Increased incidence in adolescents with POTS1

• Correcting anemia can improve orthostatic 
tolerance2

• Labs: cbc with diff, ferritin
• Can contribute to symptoms EVEN IF the 

patient is not anemic
• Normal ferritin: > 30 ng/mL
• Iron and GI side effects
• Address underlying cause

• Menorrhagia
• Diet

1. Jarjour IT. Clin Auton Res, 2013
2. Low PA. Curr Opin Neurol, 1994

•Definitions and Pathophysiology

•Clinical Pearls

•Treatment Options

•Outcomes 

Today’s Agenda - POTS
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Bryarly M. J Am Coll Cardiol.  2019
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Fluid and salt
Eliminate dizziness

Non-pharmacologic 
measures

Exacerbating 
factors

Meds

Treatment of Orthostatic Intolerance

You Must Stay Well Hydrated!
• Hypovolemia worsens symptoms 

• Decreased venous return to the heart
• Decreased cerebral perfusion

• 2-3L or 64-100 fluid oz/day
• Tank up in the AM – NPO overnight!
• Water > Sport drinks >>> Caffeinated drinks

• How can you tell its enough for you?
• Clear / very light yellow urine color
• Effect on dizziness with standing

• Literature support
• Improves symptoms and hypotension1-3

1. Shannon JR. Am J Med, 2002
2. Low, PA. Curr Opin Neuro, 1994
3. Jordan, J. Lancet, 1999

The One Time in Cardiology 
When Salt is a Good Thing!

• Increasing salt intake leads to increased fluid 
retention

• Focus on Sodium
• 3-5 g Na/day if severe symptoms 
• Will not cause weight gain
• Hypertension?
• Salt tabets
• Literature support – symptom improvement*

*Raj SR. Circulation, 2013
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High Salt Diet 
(3000-5000 mg Na/day)

Food Item Mg of Sodium (Google)
Bacon (3 slices) 390
Table salt (1 tsp) 2300
Pretzel snack 1400
Salted nuts (1/2 
cup)

420

Hamburger 690
Salt tablet 250 mg / tablet
Dill pickle 1430
Soy sauce (1 tbsp.) 870
Beef Jerky 420 

Exercise Improves Orthostatic 
Tolerance 
• Effects of prolonged bedrest1

• Decreased plasma volume
• Muscle atrophy  loss of skeletal muscle 

pump

• Leg muscle training and improved 
venous compliance,2 can expand blood 
volume 20-25%3

• Trials in teens with POTS have shown 
efficacy4

• PT sometimes to start
• Modified Dallas Protocol
• Exercise with weights while lying flat

• Ramp up over time
• Swimming, recumbent bike

1. Greenleaf JE. Exerc Sport Sci Rev 1982
2. Hernandez JP.  J Appl Physiol 2005
3. Convertino V. Am J Med Sci 2007
4. Bruce B. Clin Pediatr 2016
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• Retrospective review of quality improvement project – unsupervised home exercise 
training program designed for program’s POTS patients

• Gradual, 40 minute seated  upright physical activity.  
• Recumbent bike, rowing machine, swimming, floor exercise

• N = 48 participants vs. N = 29 control patients (with POTS who received program’s 
“typical” care – fluids/salt/medicines).  

• No medicines for the exercise group!
• Orthostatic vital signs + patient survey (quality of life) results at onset + 6 months 

into training
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Counter pressure maneuvers
• Improve cerebral perfusion by improving 

venous return to the heart or directly 
increasing BP

• Standing with legs crossed
• Tightening pelvic muscles 
• Handgrip
• Biceps curl
• Avoiding standing passively

• Literature support
• Tensing the leg muscles while standing 

improved NIRS and MCA blood velocity by 
ultrasound*

*van Lieshout.  Stroke, 2001
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Compression socks
• Goal: decrease LE venous pooling
• Strength: 20-40 mmHg
• Take off during exercise and at 
night

• $20-50.00 per
• At least knee high, closed toe
• brightlifedirect.com

Lab Testing - POTS

• Vitamin D deficiency

• Iron deficiency

Medications to Avoid*
• Vasodilators

• ACEi, CCB

• Many medications used for “migraines” 
or chronic pain

• Diuretics
• Opiates
• Antiepileptic medications
• Decongestants
• Stimulants?

*Grubb & Karas.  Pacing and Clin Electrophysiol, 1999

70

71

72



01/31/2023

25

J Am Coll Cardiol 2016

• N = 210
• Mean age = 30 years
• 1-year treatment 

period p = 0.019
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Beta Blockers
• Can be great for POTS patients 

with lots of palpitations, sinus 
tachycardia, anxiety

• Careful!
• Can make dizziness (thus everything) 

worse
• Fatigue

• Holter monitoring  
• Average HR, HR range, upright HR

• Propranolol, atenolol, nadolol

Day vs. Night HR  “Orthostatic” 
Tachycardia

Why do some patients not get better (yet)?
• Super POTS?  

• In many . . . 

• Symptom amplification

• Catastrophizing

• Somatic hypervigilance

• Organizational skills (or lack 

thereof) 

• Depression

Parent

Child

Nemo has a 
severe case of  

hypoplastic 
right pectoral 
fin syndrome
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Advocacy / Empowerment  Disease Identity

Positivity, Prognosis, and Coping Skills
• Patients need to hear they will get better

• Literature discussion – Mayo, European 
studies, UAB experience

• Patients need to know that anxiety and 
poor coping make things worse in the 
meantime

• Working on this, just like the rest of the 
plan, is part of taking care of the complete 
person

• Adjusting to the unpredictability of illness
• Improved coping with physiologic sensations
• Activity pacing
• Shaking off “illness identity”
• Managing associated anxiety and/or mood disorders
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•Definitions and Pathophysiology

•Clinical Pearls

•Treatment Options

•Outcomes

Today’s Agenda - POTS

• Clinic experience – autonomic testing, PT, CBT, medication 
management, “pain rehab” program, life coach

• Survey of adolescents seen in clinic between 2003-2010 (N = 
172)

• Ages 13-18 at time of initial intake
• Mean age at time of survey 21.8 years
• Mean duration from clinic intake to survey = 5.4 years
• 84% female

• Findings
• 13% of patients report no improvement
• 87% report symptoms much improved, only intermittent 

symptoms, or symptoms resolved

Mayo Clinic Multidisciplinary POTS Clinic

Bhatia R.  J Pediatr 2016

19%

4%

9%

15%

53%

Symptom Update at 5 Years - Adolescents with POTS at Mayo Clinic (N = 172)

Symptoms Resolved
Severity Worse
Unchanged
Remitting/Relapse
Severity Better

Bhatia R.  J Pediatr 2016
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COA/UAB Pediatric Cardiology “Syncope Clinic”
• Patients referred to UAB Pediatric Cardiology Clinic
• Specific patients identified based on (1) pediatrician’s concerns for 

POTS/dysautonomia, (2) seen by other cardiologist or subspecialist, or 
(3) specific family concern for the diagnosis

• Clinic set-up
• 45 minute initial clinic slot
• Intake and Return surveys
• Orthostatic vital signs – 3 minute standing test
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Patient Description (5-11/2019) N = 70
Age 15.9 +/- 1.4 years
Female 91%
Orthostatic Tachycardia by Vital Signs* 67%
Missing Significant Amount of School / Work 60%
Seen by Other Pediatric Subspecialist for Same 
Complaints**

66%

Self-Report Quality of Life Rating (out of 10) 5.3 +/- 1.7
*HR increase by at least 30 bpm within 3 minutes of standing.  No orthostatic hypotension
**GI, Rheum, Neuro, etc

Intake Description of Adolescent Patients with 
Significant Orthostatic Intolerance at UAB 

0%
10%
20%
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40%
50%
60%
70%
80%
90%

100%

Symptoms / Characteristics of Adolescent Patients with 
Significant Orthostatic Intolerance at UAB (N = 70)

Last Clinic Follow-Up: Adolescents With Significant 
Orthostatic Intolerance at UAB (5/19 – 11/19)
Symptoms Much Improved 64%

Symptoms Mildly Improved 21%

School Resumption 87%

Self-Report Quality of Life Rating (out of 10) 7.4 +/- 1.8

Intake Self-Report QOL Rating (out of 10) 5.3 +/- 1.7

Medications

Beta-blocker 64%

Fludrocortisone 41%

Midodrine 8%

Salt tablets 67%

P < 0.01

Average time from 
initial visit to last 
follow-up: 6.4 months
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•Definitions and Pathophysiology

•Clinical Pearls

•Treatment Options

•Outcomes 

Today’s Agenda - POTS

Thank you!
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Extra Slides

• N = 94 (mean age = 34 years)
• Significant perceived 

decrease in:
• Physical functioning (PF)
• Bodily pain (BP)
• General health (GH) 
• Vitality (VIT)
• Social functioning (SF)
• Similarly poor to known 

chronic disabling 
conditions

94

95

96



01/31/2023

33

• Young adults with “severe” POTS
• Mean age 24 years
• 94% on at least one medication 

for POTS
• N = 34

• Mean follow-up ~ 7.5 years
• 31% symptom free
• 56% with significant improvement
• 13% not improved
• Only 62% still on a medication 

(mostly beta blockers)
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