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Dear Colleagues,

In the midst of chaotic rains in Mumbai and several other parts of the country, we are 
pleased that we have managed to bring out this issue of the IJE. The journal will be released 
at the 3rd midterm conference of the ISE. This is being organized by Dr. KK Varshney and 
his team at Aligarh and has been named AAC- Aligarh Arrhythmia Course. With all-round 
practically oriented topics, lucid faculty and audience interactive systems, the conference 
promises to live up to the benchmark set by previous ISECONS. 

In this regard we must mention that the last ISECON at Chennai, organized by Dr. Ulhas 
Pandurangi and his team, was an unqualified success. Even Prof Melvin Scheinmann was 
appreciative of the professional ambience, the quality of talks, the consumer court sequence 
and most of all, the level of the audience. 

The current issue contains, as always, an ECG quiz. Also, we have 2 articles from the web-
based Indian Pacing and EP Journal, on POTS (postural orthostatic tachycardia syndrome) 
and atrial fibrillation and hyperthyroidism. POTS is a less known enetity. Awareness of this 
condition is important, to avoid worsening the condition by inappropriate treatment with 
beta-blockers.

There is a also an ECG vignette, of important clinical relevance, especially with 
polypharmacy and a plethora of newer drugs.

Yash Lokhandwala	 Amit Vora
Editor	 Editor

Editorial



From Hon. Secretary’s Desk

Dear Members,

Indian Society of Electrocardiology is on fast track. We have tried to make the programs 
of ISE, a symbol of academic feasts only.

Dr. K. P. Misra, Dr. Ulhas Pandurangi and their team organized ISECON-2006 at 
Chennai on 18th and 19th February 2006. There was a Pre-Conference Workshop for 
paramedics on 17th February 2006; both the events were astounding success. The 
organizers deserve heartiest congratulations. I feel Pre-Conference Workshops for 
paramedics shall become a regular feature.

Indian Society of Electrocardiology organized the “2nd ECG Learning Course” for 
postgraduate students on 22nd and 23rd July 2006 at Mumbai, which was attended by 
approximately 100 students. Successful candidates were awarded the Certificate of 
Competence for ECG reading. We would like to make it as a regular feature and would 
like to rotate to other cities too.

ISECON 2007 will be organized at Hyderabad by Dr. C. Narasimhan and his team in 
February 2007. Another grand event waits for you!

ISE plans to organize a Satellite Symposium on “Management of Atrial fibrillation” at 
Goa in February 2007. Keep a check on the announcements at www.iseindia.org.

Now, the Mid-Term CME Course (AAC 2006) is being organized at Aligarh on 2nd and 
3rd September 2006 by Dr. K. K. Varshney and his team and cudos to them for bringing 
another good scientific program.

I look forward to see you all at the above meet, which will be a real treat.

My sincere thanks to Dr. Yash Lokhandwala, Dr. Amit Vora and the Editorial Team for 
bringing out the 2nd issue of Indian Journal of Electrocardiology – 2006.

Long Live Indian Society of Electrocardiology

Dr S B Gupta 
Hon. Secretary  
Indian Society of Electrodardiology
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1.	 This tachycardia ECG shows:
	 a.	S VT with intermittent LBB aberrancy
	 b.	S VT with intermittent preexcitation
	 c.	S VT with PVCs
	 d.	D on’t know

ECG - 1

For correct answer see overleaf

36 yr-old lady c/o paroxysmal palpitations…..
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The correct answer is ‘a’ – SVT with intermittent LBB aberrancy.

The first thing to appreciate in the ECG is that it is very regular. The wide QRS complexes 

show a typical LBBB morphology, with a sharp downstroke in V1. This morphology and the 

regular timing rule out PVCs.

Preexcitation will be extremely rare during a regular narrow QRS tachycardia. This can 

theoretically occur with multiple accessory pathways, but then the QRS complexes should 

look like preexcited complexes, which are not seen in this ECG.

ECG - 1
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2.	 This 12-lead ECG shows:
	 a.	 Intermittent SVT with aberrancy
	 b.	R epetitive monomorphic VT
	 c.	 Polymorphic VT
	 d.	 Ischemia induced VT

ECG - 2

For correct answer see overleaf

45 yr-old gentleman c/o exertional palpitations…
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The correct answer is ‘b’ – Repetitive monomorphic VT.

Repetitive short runs of monomorphic wide QRS complex tachycardia are seen. These have 

a LBBB-like morphology, with a QRS axis of + 60 degrees. The first complex of each run 

is premature, without a preceding P wave. There is suggestion of AV dissociation, as seen 

from the changing ST-T complexes. The sinus rhythm portions are normal, without any ST 

deviation.

Ischemia typically produces polymorphic VT, and there should be other evidence of ischemia; 

both these features are absent in this ECG.

Idiopathic VT, in normal hearts, often arises from the RV outflow tract, which is the site of 

origin of this VT. Moreover, these VTs are classically repetitive and non-sustained, as seen 

here.

ECG - 2
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ECG - 3

For correct answer see overleaf

35 yrs-old, vague symptoms, PVCs at rest, pre-Stress test ECG

3.	 During 2nd stage the ECG shows:
	 a.	S inus tachycardia with LBBB
	 b.	A trial tachycardia with LBBB
	 c.	 VT
	 d.	D on’t know

Stage 2 – Bruce protocol…
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The correct answer is ‘a’ – Sinus tachycardia with LBBB.

The tachycardia is regular, broad with LBBB morphology. The V1 complex shows a sharp, 

initial downward complex which is typical for LBBB. Both of these make VT unlikely.

After stopping the exercise test (next figures), as the heart rate slows, the P waves are seen, 

especially in lead V2.

Isolated rate-related LBBB, especially above heart rates of 120/min, is not indicative of 

coronary or other heart disease. However, these patients need regular check-ups, clinically 

and echocardiographically.

ECG - 3
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4.	 This ECG shows:
	 a.	S VT
	 b.	R ate related BBB
	 c.	A rtifact
	 d.	A ll of the above

ECG - 4

For correct answer see overleaf
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The correct answer is‘d’ – all of the above.

An artifact is seen just before the onset of wide QRS tachycardia. There is RBBB after this. 

Initially the tachycardia is irregular, with atrial fibrillatory pattern, best seen in lead V2. The 

last 6 complexes show a regular SVT. Just before this SVT, the QRS complex is narrow due 

to the relatively long preceding RR interval. This reconfirms that the RBBB is rate-related.

The intracardiac traces (next figure) show the irregular A (atrial) waves during atrial 

fibrillation, followed by regular A waves during SVT. The QRS complexes and the A waves 

occur simultaneously during SVT, suggesting that the mechanism of SVT is typical AV nodal 

reentrant tachycardia.

ECG - 4
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5.	 This pacemaker ECG shows:
	 a.	 Capture failure		
	 b.	S ensing failure
	 c.	 Capture & sensing failure
	 d.	N ormal pacing function

ECG - 5

For correct answer see overleaf

Dual chamber pacemaker for SN dysfunction – 10 years ago
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The correct answer is‘d’ – normal pacing function.

Pacing artifacts are regularly seen, followed after a gap, by P waves. One such pacing 

stimulus is coincident with a wide QRS complex. The ECG therefore shows atrial pacing. The 

latency between the stimuli and the P waves is possibly due to atrial myopathy, sometimes the 

cause of sinus node dysfunction. The long programmed AV delay allows intrinsic AV nodal 

conduction.

The isolated wide QRS complex is a PVC, occurring coincidentally with the atrial pacing 

stimulus.

ECG - 5
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6.	 The likely cause of syncope:
	 a.	A V block
	 b.	 VT
	 c.	 Postural hypotension
	 d.	T IA

ECG - 6

For correct answer see overleaf

60 yr-old gentleman with syncope…
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The correct answer is ‘a’ - AV block.

There are limited channels on this Holter recording. What is obvious is a wide QRS complex 
(presumably bundle branch block) and possibly a prolonged PR interval. In this setting, it is 
very important to know the state of the underlying heart and the circumstances preceding the 
syncope.

With underlying LV dysfunction and bundle branch block (especially LBBB); syncope is often 
due to VT. Orthostatic hypotension is easily verifiable from the history and examination.

Assuming normal ventricular function, intermittent high-grade AV block as the cause of 
syncope is therefore the most likely option.

The next figure shows episodes of complete AV block with prolonged asystole during other 
times of the Holter recording.

ECG - 6
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7.	 This ECG is consistent with:
	 a.	A cute coronary ischemia
	 b.	A cute pulmonary embolism
	 c.	 Non-specific T wave inversion
	 d.	A ny of the above

ECG - 7

For correct answer see overleaf

68 year old lady. Sudden chest uneasiness.
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The correct answer is ‘b’ – Acute pulmonary embolism.

The ECG shows Sinus Tachycardia and T inversion in V1, V2, and V3. There is also the 

S1Q3T3 pattern. These findings with the typical history of sudden onset symptoms indicate 

a high probability of acute pulmonary embolism. A simple confirmatory test would be the 

arterial oxygen saturation, which was 81% in this case by pulse oximetry. The patient had 

undergone knee replacement 1 week ago.

ECG - 7
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8.	 This tachycardia ECG shows:
	 a.	 VT & SVT			           
	 b.	A VNRT with & without LBBB
	 c.	A VRT with & without LBBB
	 d.	 Atrial flutter

ECG - 8

For correct answer see overleaf

24 yrs-old-man, c/o paroxysmal palpitations…
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The correct answer is ‘c’ – AVRT with and without LBBB.

The tachycardia is slower when there is LBBB. This clinches the diagnosis of an orthodromic 

AVRT using a left-sided accessory pathway as the retrograde limb. 

The intracardiac recordings (next figure) show the earliest retrograde atrial activation (arrows) 

in the channel cs12. This represents the left free wall. The schematic diagram explains why 

the tachycardia will be slower with LBBB, due to the longer circuit and the extra time taken 

for transseptal propagation of the impulse.

ECG - 8
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9.	 This stress ECG shows:
	 a.	R esolution of BBB
	 b.	D isappearance of preexcitation
	 c.	 Intermittent PVCs
	 d.	D on’t know

ECG - 9

For correct answer see overleaf

6 yrs-old-girl, occasional brief lasting palpitations...

on treadmill exercise test….
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The correct answer is ‘b’ – Disappearance of preexcitation.

The first ECG shows short PR with QRS widening and delta wave. The delta waves are 

producing the tall R in V1 and Q waves in II, III and aVF. These suggest a left sided (RBBB 

pattern in V1) and posterior (Q in II, III, aVF) pathway.

On exercise it is seen that as the rate accelerates the QRS becomes normal and delta disappears. 

This suggests a long refractory period of the accessory pathway and therefore the patient is at 

low risk for sudden cardiac death.

ECG - 9
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10.	 The inverted T waves suggest:
	 a.	 Ischemia 
	 b.	 Memory sign of SVT
	 c.	 Juvenile T inversion
	 d.	 Memory sign of VT

ECG - 10

For correct answer see overleaf

20 year old boy, soon after a prolonged (8 hrs) episode of rapid palpitations
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The correct answer is‘d’ – Memory sign of VT.

Since the patient is only 20 years old and had palpitations (no angina), there is no basis for 

ischemia. Juvenile T inversions are typically seen in leads V1-V4, unlike what is seen here.

After any wide QRS tachycardia, transient ST-T changes are seen, which are known as the 

“memory” sign. T inversions are seen in those leads where the QRS was negative during the 

tachycardia (the T is a memory of the QRS). Inferolateral T inversions in young people as a 

memory sign have been described for “fascicular VT’. This VT occurs in normal hearts and 

has a typical RBBB pattern with left axis deviation and R/S ratio less than I in the lateral 

leads. Hence, the T inversion in these leads. The next figure is a Holter recording during 

palpitations, showing the wide QRS tachycardia.

ECG - 10
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11.	 This tachycardia shows:
	 a.	S VT with aberrancy
	 b.	 VT with AV dissociation	
	 c.	 VT with VA conduction
	 d.	 VT originating from the LV.

ECG - 11

For correct answer see overleaf

40 yrs-old, paroxysmal palpitations….
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The correct answer is ‘c’ – VT with VA conduction.

There are more QRS complexes than P waves- this is the strongest reason for diagnosing this as 

VT. The QRS downstroke in V1 is gradual (contrast with Cases 3 and 8), also consistent with 

VT. The term AV dissociation implies a separate pacemaker for the atria and the ventricles. 

This is not the case here.

In long lead II, one can see that every 3rd QRS complex is not followed by a P wave.  The P 

waves are inverted in lead II, with an increase in the R-P time prior to the VA block. This is 

diagnostic of VT with VA Wenckebach.

ECG - 11
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12.	 The monitoring lead shows:
	 a.	 PVCs with monomorphic VT
	 b.	 PVCs with polymorphic VT
	 c.	 Intermittent AF with PVCs
	 d.	N one of the above

ECG - 12

For correct answer see overleaf

60 yrs-old, post-op. monitoring following Intestinal surgery
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The correct answer is‘d’ – none of the above.

The lower 3 strips show unifocal PVCs and a couplet. The top strips show a transient bizarre 

pattern, in the ECG as well as in the respiration monitor. This suggests an artifact, which is 

confirmed by careful observation. The RR interval between the 2 QRS complexes marked by 

asterisks (*) is exactly equal to 4 RR intervals.

ECG - 12
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13.	 This Holter shows:
	 a.	A V block
	 b.	 Ventricular escape  rhythm
	 c.	 Intermittent BBB
	 d.	 Intermittent preexcitation

ECG - 13

For correct answer see overleaf

54 year old lady Occasional palpitations
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The correct answer is ‘b’ – Ventricular escape rhythm.

Note the timing of these Holter recordings- all are in the late night/early morning, during sleep 

(even though this patient was a Mumbaikar!). Hence the bradycardia is physiological. The 

sinus bradycardia is associated with varying QRS morphologies; 4 different such morphologies 

are seen in the top panel. The first complex in the top and bottom panels suggests the P wave 

“walking into” the QRS complex. This suggests an escape idioventricular rhythm, competing 

with the slow sinus rate.

The next figure confirms this. The 3rd and 4th QRS complexes in the middle panel are not 

preceded by P waves.

ECG - 13
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14.	 This ECG shows:
	 a.	S inus tachycardia
	 b.	A trial tachycardia
	 c.	 Atrial flutter
	 d.	 Atrial fibrillation

ECG - 14

For correct answer see overleaf

8 yrs-old girl, few months of dyspnea & easy fatigue in CHF.



34 Indian Journal of Electrocardiology

The correct answer is ‘b’- atrial tachycardia.

There is a regular narrow QRS tachycardia which terminates just for 1 beat. Lead V1 is 

misleading during tachycardia, since the P waves here are more prominent than the QRS 

complexes! The abrupt termination and re-initiation of tachycardia suggest a re-entrant 

mechanism- sinus tachycardia does not behave like this. Also, the P wave during the sinus 

beat (10th complex) is markedly different from that during tachycardia.

The negative P waves in leads V1-V3 during tachycardia are opposite in polarity to the sinus 

P wave and suggest origin more anteriorly than the sinus node. The next figure shows the site 

(arrow) where this tachycardia was found to originate, anteriorly and lower in the RA than 

the sinus node. A single RF energy here eliminated tachycardia.

ECG - 14

40o LAO PA 30o RAO
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15.	 This ECG suggests:
	 a.	 Multi-vessel disease
	 b.	 Myocarditis
	 c.	S ingle vessel disease
	 d.	 Pulmonary embolism

ECG - 15

For correct answer see overleaf

72 yr-old, with acute dyspnea & sweating
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The correct answer is ‘a’ – Multivessel disease.

There are widespread ST depressions, horizontal/downsloping in nature. Lead aVR shows ST 

elevation, the there is some coving of the ST segment in lead V1 as well.

In elderly ladies, sudden dyspnea is a well recognized symptom of ischemia and is called 

“angina equivalent”. Especially with sweating and the ECG changes, the diagnosis of acute, 

severe ischemia (as with multivessel disease) becomes paramount. The ECG changes reverse 

as ischemia settles, as seen in the next figure. The coronary angiography (last figure) confirmed 

the critical triple vessel disease. The patient recovered well after bypass surgery.

ECG - 15

After symptoms settled with nitroglycerine
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Atrial Fibrillation and Hyperthyroidism
This paper has also been published in the ISHNE AF World-Wide Internet Symposium

Jayaprasad N, MBBS, MD; Johnson Francis, MBBS, MD, DM.
Department of Cardiology, Medical College Calicut, Kerala, India

Review Article

Abstract

Atrial fibrillation occurs in 10 – 15% of patients with hyperthyroidism. Low serum thyrotropin concentration is an independent 
risk factor for atrial fibrillation. Thyroid hormone contributes to arrythmogenic activity by altering the electrophysiological 
characteristics of atrial myocytes by shortening the action potential duration, enhancing automaticity and triggered activity in the 
pulmonary vein cardio myocytes. Hyperthyroidism results in excess mortality from increased incidence of circulatory diseases 
and dysrhythmias. Incidence of cerebral embolism is more in hyperthyroid patients with atrial fibrillation, especially in the elderly 
and anticoagulation is indicated in them. Treatment of hyperthyroidism results in conversion to sinus rhythm in up to two-third of 
patients. Beta-blockers reduce left ventricular hypertrophy and atrial and ventricular arrhythmias in patients with hyperthyroidism. 
Treatment of sub clinical hyperthyroidism is controversial. Optimizing dose of thyroxine treatment in those with replacement 
therapy and beta-blockers is useful in exogenous subclinical hyperthyroidism.

Key words : Atrial fibrillation; hyperthyroidism; embolism

Introduction 

Atrial fibrillation is the most common cardiac arrhythmia other 
than sinus tachycardia encountered in hyperthyroidism. Atrial 
fibrillation occurs in 10-15% of patients with hyperthyroidism1. 
It may be the presenting problem in some of them. Higher 
prevalence occurs in elderly and in those with other coexisting 
risk factors for atrial fibrillation. Low serum thyroid stimulating 
hormone is an independent risk factor for development of atrial 
fibrillation2. Atrial fibrillation in thyrotoxicosis is associated 
with significant mortality and morbidity resulting from embolic 
events3. 

Thyroid hormones exert their cardiovascular effects either 
directly through nuclear thyroid receptors or indirectly by 
influencing sympathoadrenergic system and altering peripheral 
vascular resistance. Binding of thyroid hormones to nuclear 
receptors result in increased gene transcription of cardiac 
myocyte proteins4. Thyroid hormones upregulate sarcoplasmic 
Calcium ATPase, myosin heavy chain alfa, voltage gated K+ 
channels, Na+ channels and beta1 adrenergic receptors5-8. These 
effects result in increased heart rate, systolic hypertension, 
increased ventricular contractility and cardiac hypertrophy. 
Changes in electrophysiological characteristics of atria result 
in dysrhythmias, especially atrial fibrillation, in patients 
with hyperthyroidism9. Thyroid hormones reduce peripheral 
vascular resistance10 and increase oxygen demand of tissues, 
thus increasing cardiac workload. 

Epidemiology 

Sinus tachycardia is the most common arrhythmia in 
hyperthyroidism11. Atrial fibrillation is reported in 10 – 15% of 
patients with hyperthyroidism. Prevalence increases with age. 
In the study by Agner T et al, 25% of hyperthyroid patients 
older than 60 years had atrial fibrillation compared to 5% in 
patients less than 60 years of age12. Patients with toxic nodular 
goiter had an increased incidence of atrial fibrillation compared 
to younger patients with Grave’s disease, probably due to their 
increased age. (43% versus 10%). Iwasaki T et al reported that 
21% of patients with Grave’s disease had atrial fibrillation with 
significant difference between those above and below 40 years 
of age (31% versus 0%)13. In a large study by Krahn et al, overt 
hyperthyroidism accounted for <1% of cases of new onset atrial 
fibrillation. According to these investigators, although serum 
thyrotropin should be measured in all patients with new onset 
atrial fibrillation to rule out hyperthyroidism, this association 
is rather uncommon in the absence of additional symptoms 
and signs of hyperthyroidism14. However, 13% of patients with 
unexplained atrial fibrillation, had biochemical evidence of 
hyperthyroidism in another report2. 

Lars Frost et al identified that among 40,628 patients with 
hyperthyroidism from Danish National Registry over a 20 year 
period, 8.3% had atrial fibrillation or flutter within 30 days from 
the date of diagnosis. The risk factors for atrial fibrillation in 
patients with hyperthyroidism were similar to those in general 
population like age, male sex, ischemic heart disease, congestive 
heart failure and valvular heart disease15. Hyperthyroidism 
was associated with excess mortality compared to general 
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population in a cohort of 7209 hyperthyroid subjects, treated 
with radio iodine. Excess mortality was due to circulatory 
diseases. Both cardiovascular (Standardized mortality ratio 1.2, 
95% CI 1.2 to 1.3; p <0.001) and cerebrovascular (Standardized 
mortality ratio 1.4, 95% CI 1.2 to 1.5, p <0.001) mortality rates 
were high in hyperthyroid subjects. The Standardized mortality 
ratio for dysrhythmia including atrial fibrillation was 1.8 
(95% CI 1.5 to 1.9, p value <0.001)16. In another study, 1762 
hyperthyroid women treated with radio iodine were followed 
for more than 14 years and there was increased mortality from 
cardiovascular disease17. Cardiac arrhythmias, of which atrial 
fibrillation is most frequent contribute to excess mortality from 
cardiovascular and cerebrovascular events by inducing heart 
failure and predisposing to embolic events. 

Subclinical Hyperthyroidism and Atrial Fibrillation 

Sub clinical hyperthyroidism is defined as low serum thyrotropin 
concentration in an asymptomatic patient with normal serum T3 
and T4 concentration. It has a prevalence of 0.5% to 3.9% in 
adults18 and 11.8% in elderly19. 

Auer J et al, studied 23,638 persons and found that atrial fibrillation 
occurred in 13.8% patients with overt hyperthyroidism and 
12.7% patients with sub clinical hyperthyroidism, compared to 
2.3% in euthyroid. The prevalence of atrial fibrillation in patients 
with low serum thyrotropin concentration was 13.3% compared 
to 2.3% in persons with normal values. The relative risk of 
atrial fibrillation in subjects with low serum thyrotropin and 
normal free T3,T4 values compared to those with normal serum 
thyrotropin was 5.2. Thus low serum thyrotropin concentration 
is associated with >5 fold higher likelihood for atrial fibrillation 
with no significant difference between overt and subclinical 
hyperthyroidism20. Clark T Sawin et al followed 2007 patients 
from the original cohort of Framingham Heart Study, who were 
older than 60 years, for 10 years, for development of atrial 
fibrillation. Subjects with low thyrotropin (<0.1 mU/L) had 28% 
incidence of atrial fibrillation, compared with 11% in normal 
subjects. The relative risk for development of atrial fibrillation 
in patients with low thyrotropin was 3.11. 

The subjects who had slightly low serum thyrotropin 
concentrations (0.1 to 0.4mU/L) also had higher risk than those 
with normal concentrations (relative risk 1.6; p=0.05) 

Subclinical hyperthyroidism can be endogenous as occurring in 
Grave’s disease, multinodular goiter or autonomous toxic nodules 
or exogenous due to thyroxine therapy. Exogenous subclinical 
hyperthyroidism is the most common cause of subclinical 
hyperthyroidism21. Subclinical hyperthyroidism is also associated 
with increased cardiovascular morbidity and mortality. 1191 
subjects aged over 60 years, when followed up for 10 years, those 
with low serum thyrotropin (<0.5 mU/L) had higher mortality 
compared to control population. This excess mortality resulted 
mainly from circulatory diseases and supraventricular arrhythmias 
including atrial fibrillation also contributed22.

Pathogenesis 

Effects of thyroid hormones on ion currents of atrial myocytes 
contribute to genesis of atrial fibrillation. Hyperthyroidism is 
associated with shortening of action potential duration (APD) 
resulting in a substrate for atrial fibrillation . A study on the 
effects of thyroid hormones on mRNA expression and currents of 
major ionic channels in murine atrium showed that T3 increased 
expression of the Kv1.5 mRNA and decreased L-type Calcium 
channel mRNA expression. Action potential duration was 
shorter in hyperthyroid than in euthyroid myocytes. The ultra-
rapid delayed rectifier potassium currents were considerably 
increased in hyperthyroid than in euthyroid myocytes, whereas 
the transient outward potassium currents were unchanged. L-
type calcium currents were decreased in hyperthyroid than 
in euthyroid myocytes. T3 increased the outward currents 
and decreased the inward currents resulting in reduced action 
potential duration23. In another study action potential duration 
and whole cell currents were studied in myocytes from left and 
right atria from control and hyperthyroid mice. Hyperthyroidism 
resulted in more significant APD shortening and greater 
delayed rectifier potassium current increases in the right atrium 
than in the left atrium which can contribute to the propensity 
for atrial arrhythmias24. Studies using rabbit pulmonary vein 
cardiomyocytes have shown that thyroid hormone decreases the 
APD in pulmonary vein cardiomyocytes which can facilitate the 
genesis of reentrant circuits. Incubation with thyroid hormone 
also increased spontaneous activity in the pulmonary vein 
cardiomyocytes similar to the effect on sinoatrial node cells. 
Thyroid hormone increased the occurrence of delayed after-
depolarisation in pulmonary vein beating and non-beating 
cardiomyocytes. Incidence of early after-depolarisation was 
increased in beating cardiomyocytes following incubation 
with thyroid hormone. Thus thyroid hormone may induce the 
occurrence of paroxysmal atrial fibrillation through the increase 
of triggered activity or automaticity in pulmonary veins25. 

ECG may be helpful in identifying hyperthyroid subjects at risk 
for developing atrial fibrillation. Maximum P wave duration 
and P wave dispersion were higher in both subclinical and 
overt hyperthyroidism. P maximum and P wave dispersion were 
significant predictors of paroxysmal atrial fibrillation26. 

Thyroid hormone potentiates the effect of adrenergic system 
on heart. Catecholamine levels are either normal or decreased 
in thyrotoxicosis. Facilitation of action of catecholamines 
is by increasing tissue sensitivity by increased transcription 
of beta adrenergic receptors27 and structural similarity to 
catecholamines28. Hyperthyroidism is associated with reduced 
vagal activity and reduced heart rate variability which can 
persist despite restoration of euthyroidism29. 

Embolic Events and Anticoagulation 

Thyrotoxicosis is complicated by thromboembolism in 
approximately 15% of cases3. In a retrospective study of 610 
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patients with hyperthyroidism the risk of cerebrovascular 
events was greater in those with atrial fibrillation. 15% had 
atrial fibrillation with the highest frequency in elderly patients. 
A total of 27 (4.4%) cerebrovascular events occurred, 13% 
in those having atrial fibrillation and 3% in those with sinus 
rhythm. Advanced age rather than the presence of atrial 
fibrillation was the important risk factor for embolism. From 
this study the indication for prophylactic anticoagulation is 
doubtful in hyperthyroid patients with atrial fibrillation30. In 
younger patients with hyperthyroidism and atrial fibrillation 
who do not have other heart disease, hypertension or other risk 
factors for embolism, the risk of anticoagulant therapy probably 
outweighs the benefit31. The risk of embolism in thyrotoxic atrial 
fibrillation exceeds that of lone atrial fibrillation. The majority 
of clinically evident emboli in patients with hyperthyroidism 
and atrial fibrillation involves central nervous system and 
occur early in the course of the disease32. Elderly patients with 
thyrotoxicosis and atrial fibrillation and those with other risk 
factors for thromboembolism have significantly increased risk 
for arterial thromboembolism and anticoagulant treatment is 
indicated. Elderly patients are particularly at risk for hemorrhagic 
complications and hence close monitoring of prothrombin time 
is required in elderly patients on warfarin. Antiplatelet agents 
like aspirin may afford some protection against cardioembolic 
stroke in patients with atrial fibrillation, although these are more 
effectively prevented by anticoagulation33. 

Treatment 

Mainstay of treatment in patients with atrial fibrillation and 
hyperthyroidism is restoration of euthyroid status. This is by use 
of antithyroid drugs like carbimazole, propyl thiouracil or radio-
iodine . Surgery of thyroid gland is done after achieving euthyroid 
status by drugs. Beta blockers like propranalol or atenolol are 
useful in thyrotoxic atrial fibrillation to reduce heart rate and 
cardiac failure34,35. Restoration of euthyroid status is frequently 
associated with conversion to sinus rhythm . In a study of 163 
patients with thyrotoxicosis and atrial fibrillation, 62% were 
in sinus rhythm within 8-10 weeks after achieving euthyroid 
state36. After 3 months only few will revert spontaneously to 
sinus rhythm. Electrical or pharmacologic cardioversion may 
be attempted in patients remaining in atrial fibrillation after 
achieving euthyroid status. Rate of reversion to sinus rhythm is 
less in older patients and in those with longer duration of atrial 
fibrillation and structural heart disease. In another study, of the 
256 patients who underwent surgery for thyrotoxicosis 23% 
had preoperative atrial fibrillation. After surgery 47% of them 
reverted to sinus rhythm and the rest had better responsiveness 
to antiarrhythmic drugs. Restoration of sinus rhythm occurred 
mostly in patients younger than 50 years while in older patients 
atrial fibrillation persisted37. 

Treatment of subclinical hyperthyroidism is controversial. 
Some authors advocate careful follow up of these patients for 
development of overt hypothyroidism, cardiac dysrhythmias 

and other circulatory complications38. But others have 
suggested routine treatment for subclinical hyperthyroidism as 
it is associated with adverse cardiac events. Antithyroid drugs 
or radio-iodine may be useful especially in those with nodular 
goiter and cardiac risk factors39. Treatment of subclinical 
hyperthyroidism with antithyroid drugs was shown to reduce left 
ventricular mass index, heart rate, atrial and ventricular premature 
beats and atrial fibrillation. Many patients in this group with 
subclinical hyperthyroidism had symptoms, high Wayne clinical 
index and echocardiographic abnormalities which reduced with 
treatment40. Biondi et al observed that treatment with selective 
beta1 blocker bisoprolol reduces left ventricular mass index 
and atrial arrhythmias in patients taking long term thyrotropin 
suppressive therapy with thyroxine41. Dosage of thyroxine in 
patients receiving replacement therapy should be adjusted to a 
normal and not suppressed thyrotropin level42. 

Conclusion 

Atrial fibrillation is a major cause of morbidity and mortality 
in overt as well as subclinical hyperthyroidism. It is associated 
with cerebral embolic events, especially in elderly and those 
with co-morbid risk factors. Treatment with anti-thyroid drugs 
and beta-blockers is indicated in most of the cases. 
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Abstract

Postural tachycardia syndrome (POTS), characterized by orthostatic tachycardia in the absence of orthostatic hypotension, has 
been the focus of increasing clinical interest over the last 15 years 1. Patients with POTS complain of symptoms of tachycardia, 
exercise intolerance, lightheadedness, extreme fatigue, headache and mental clouding. Patients with POTS demonstrate a heart 
rate increase of ≥30 bpm with prolonged standing (5-30 minutes), often have high levels of upright plasma norepinephrine 
(reflecting sympathetic nervous system activation), and many patients have a low blood volume. POTS can be associated with a 
high degree of functional disability. Therapies aimed at correcting the hypovolemia and the autonomic imbalance may help relieve 
the severity of the symptoms. This review outlines the present understanding of the pathophysiology, diagnosis, and management 
of POTS. 
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Introduction 

Postural tachycardia syndrome (POTS), characterized by 
orthostatic tachycardia in the absence of orthostatic hypotension, 
has been the focus of increasing clinical interest over the last 15 
years1. Patients with POTS complain of symptoms of tachycardia, 
exercise intolerance, lightheadedness, extreme fatigue, headache 
and mental clouding. This disorder is not new2, but has gone by 
many different names over the last 150 years, including mitral 
valve prolapse syndrome, neurocirculatory asthenia, orthostatic 
tachycardia, and orthostatic intolerance3,4. An advantage of the 
name postural tachycardia syndrome (POTS) is that it focuses 
attention on the sympathetic activation which characterizes the 
disorder. This review outlines the present understanding of the 
pathophysiology, diagnosis, and management of POTS. 

Physiology of Upright Posture 

Assumption of the upright posture requires prompt 
physiological adaptation to gravity. There is an instantaneous 
descent of ~500ml of blood from the thorax to the lower 
abdomen, buttocks, and legs. In addition, there is a 10-25% 
shift of plasma volume out of the vasculature and into the 
interstitial tissue5. This shift decreases venous return to 
the heart, resulting in a transient decline in both arterial 
pressure and cardiac filling. This has the effect of reducing 
the pressure on the baroreceptors, triggering a compensatory 
sympathetic activation that results in an increase in heart rate 
and systemic vasoconstriction (countering the initial decline 
in blood pressure). Hence, assumption of upright posture 
results in a 10-20 beat per minute increase in heart rate, a 

negligible change in systolic blood pressure, and a ~5 mmHg 
increase in diastolic blood pressure. 

Pathophysiology of Orthostatic Dysregulation 

Failure of the regulatory mechanism to respond properly may 
lead to either orthostatic hypotension, as is seen in autonomic 
failure, or orthostatic tachycardia, as is seen in POTS. 
Orthostatic hypotension is defined as a fall in pressure on 
standing of more than 20/10 mmHg. However, it is common 
in patients with autonomic failure for the decline to be much 
greater than this, which may result in loss of consciousness soon 
after standing. On the other hand, in POTS, blood pressure is 
typically maintained on standing or may even increase. Heart 
rate rises more than 30 bpm and symptoms reminiscent of 
impaired cerebral perfusion may develop. 

Clinical Presentation of Postural Tachycardia Syndrome 
(POTS) 

Diagnostic Criteria & Common Clinical Features 

POTS is defined (Table 1) as the presence of symptoms of 
orthostatic intolerance for at least 6 months accompanied by a 
heart rate increase of at least 30 beats/min within 5-30 minutes 
of assuming an upright posture. This should occur in the absence 
of orthostatic hypotension (a fall in blood pressure >20/10 
mmHg). The syndrome must occur in the absence of prolonged 
bed rest, medications that impair autonomic regulation (such 
as vasodilators, diuretics, antidepressants or anxiolytic agents), 
or any other chronic debilitating disorders that might cause 
tachycardia (such as dehydration, anemia or hyperthyroidism). 
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It is important to recognize that this syndrome is typically 
disabling. Hence, the mere observation of orthostatic tachycardia 
is not, by itself, sufficient to make the diagnosis of POTS. 

Table 1: Criteria for the Postural Tachycardia Syndrome 

1.	 Heart rate increase ≥30 beats per minute from supine to 
standing (5-30 min) 

2.	 Symptoms get worse with standing and better with 
recumbence. 

3.	 Symptoms lasting ≥6 months 

4.	 Standing plasma norepinephrine ≥600 pg/ml (≥3.5 nM) 

5.	 Absence of other overt cause of orthostatic symptoms 
or tachycardia (e.g. active bleeding, acute dehydration, 
medications). 

Symptoms include mental clouding (“brain fog”), blurred or 
tunneled vision, shortness of breath, palpitation, tremulousness, 
chest discomfort, headache, lightheadedness and nausea. While 
pre-syncope is common in these patients, only a minority 
(~30%) actually pass out. The chest pains are almost never due 
to coronary artery obstruction, but are sometimes associated with 
electrocardiographic changes in the inferior leads, particularly 
when upright6. 

Many patients complain of significant exercise intolerance and 
extreme fatigue. Even activities of daily living, such as bathing 
or housework, may greatly exacerbate symptoms with resultant 
fatigue. This can pose significant limitations on their functional 
capacity.

 The disorder primarily affects women of child-bearing age. 
The female:male ratio is 4:1. The reason for the strong female 
predominance is not known, but it should be noted that 
orthostatic tolerance is reduced in normal healthy females7. 
Others disorders such as autoimmune diseases and irritable 
bowel syndrome are seen commonly in patients with POTS, and 
also have higher prevalence in women. 

Patients frequently report that their symptoms began following 
acute stressors such as pregnancy, major surgery, or a presumed 
viral illness, but in others cases, symptoms develop more 
insidiously. About 80% of female patients report an exacerbation 
of symptoms in the premenstrual phase of their ovulatory cycle 
(unpublished data). Gazit et al. have also reported an association 
between joint hypermobility and POTS8. Many patients have 
bowel irregularities and have been co-diagnosed with irritable 
bowel syndrome, and some have abnormalities of sudomotor 
regulation9. 

Psychological Profile in POTS 

Patients with POTS are sometimes clinically diagnosed as 
having anxiety disorders such as panic disorder. Indeed, patients 
demonstrate elevated scores on the Beck Anxiety Inventory10 

(23±10 vs. 7±8; P<0.001), a commonly used instrument that 
quantifies the magnitude of anxiety symptoms11. Unfortunately, 
this questionnaire includes somatic anxiety symptoms (such as 
palpitation) which can result from a hyperadrenergic state such 
as is seen in POTS. When a newer, cognitive-based measure 
of anxiety (the Anxiety Sensitivity Index12) is used, there was 
a trend toward less anxiety in the patients with POTS than the 
general population (15±10 vs. 19±9; P=0.063)11. Thus, much of 
the anxiety attributed to patients with POTS might be due to a 
misinterpretation of their physical symptoms. 

We did find that patients with POTS often have diminished 
attention and concentration compared to matched healthy 
volunteers11. Using the Inattention score from the Connors 
Adult ADHD Rating Scale13, the patients with POTS scored 
significantly higher than did the normal control subjects. 

Physical Findings in POTS 

The most striking physical feature of POTS is the severe 
tachycardia that develops on standing from a supine position. 
Blood pressure and heart rate must be measured in both postures 
and should be taken not only immediately after standing but 
also at 2, 5 and 10 minutes as occasional patients have a delayed 
tachycardia14. Normal subjects commonly develop a transient 
tachycardia within the 1st minute of standing that should not be 
mistaken for POTS. A sustained heart rate increase ≥30 beats 
per minute is considered diagnostic of orthostatic tachycardia 
(Figure 1). The systolic blood pressure should not fall by more 
than 20 mmHg, and in many cases it will actually increase with 
standing. Recent data suggests that there may be a significant 
circadian variability in the orthostatic tachycardia seen in 
patients with POTS15. In a cohort of 17 patients with POTS, the 
orthostatic tachycardia was greater in the morning than in the 
evening (38±4 bpm vs. 27±3 bpm; P<0.001), while there was no 
diurnal difference in the orthostatic change in blood pressure. 
These data suggest that to optimize diagnostic sensitivity, 
postural vital signs should be performed in the morning. 

Cardiac auscultation may reveal a murmur of mitral valve 
prolapse, but significant mitral regurgitation is unusual. A 
striking physical feature of POTS is the dependant acrocyanosis 
that occurs in 40-50% of patients with POTS (Figure 2). These 
patients experience a dark red-blue discoloration of their legs, 
which are cold to the touch. This can extend from the feet to above 
the level of the knees. The reasons underlying this phenomenon 
are not clear. The current data suggest that the problem is not 
due to increased pooling in the venous capacitance vessels, but 
rather due to decreased blood flow in the skin16,17. 

Laboratory Abnormalities in POTS 

Some authors advocate the use head-up tilt table testing as 
a standardized method to assess an individual’s response 
to a change in posture1. The patient is positioned on a 
standard tilt table and following baseline measurements of 
blood pressure and heart rate, the patient is inclined to a 70-
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degree head-up angle. Blood pressure and heart rate are then 
measured either continuously or at least every 12 minutes. The 
orthostatic tachycardia is often measured in a similar fashion 
to the standing test, with a similar threshold used to diagnose 
orthostatic tachycardia (an increase of ≥30 bpm)1. However, 
the physiology in response to passive standing on a tilt table 
(with the legs still) is not the same as “active standing” where 
the patient must support their own weight and maintain their 
balance. The latter requires use of the “skeletal muscle pump” 
and mimics real life, while the tilt table does not. For this reason 
Streeten et al. use similar criteria for orthostatic tachycardia 
(>27 bpm), but only with active standing18. In a recent study, we 
compared the orthostatic heart rate response of these 2 methods, 
and found that the tilt table test was associated with an increased 
orthostatic tachycardia in both patients with POTS and control 
subjects19. While both tests were sensitive for the diagnosis of 
POTS with a 30 bpm threshold for orthostatic tachycardia, the 
stand test had a specificity of 79% compared to only 23% for 
the tilt table test. 

POTS patients should have only sinus tachycardia. An 
electrocardiogram should be done routinely to rule out the 
presence of an accessory bypass tract or any abnormalities of 
cardiac conduction. A Holter monitor might prove useful to 
exclude a re-entrant dysrhythmia, especially if the patient gives 
a history of paroxysmal tachycardia with a sudden onset and 
sudden offset. Other tests such as echocardiograms are only 
required in individual cases when there is doubt about the 
structural integrity of the heart.

One of the more striking physical features in the postural 
tachycardia syndrome (POTS) is the gross change in dependent 
skin color that can occur with standing. The panel shows the 
legs of 2 people who have been standing for 5 minutes, a 
healthy control subject (left) and a patient with POTS (right). 
The patient with POTS (right) has significant dark red mottling 
of her legs extending up to the knees while standing, while the 
control subject does not have a similar discoloration.

We often measure plasma norepinephrine levels in both a supine 
and standing position (at least 15 minutes in each position prior 
to blood sampling). The supine norepinephrine is often high 
normal in patients with POTS, while the upright norepinephrine 
is usually elevated (>600 pg/ml), a reflection of the exaggerated 
neural sympathetic tone that is present in these patients while 
upright. 

Tests of autonomic nervous system function typically show 
intact or exaggerated autonomic reflex responses. These patients 
often have preserved vagal function as reflected by their sinus 
arrhythmia ratio in response to deep breathing. They often have 
a vigorous pressor response to the Valsalva maneuver, with an 
exaggerated blood pressure recovery and overshoot both before 
and after release20. 

The blood volume is low in many patients with POTS5. This can 
be objectively assessed with nuclear medicine tests to directly 
measure either the plasma volume or the red cell volume. This 
knowledge may help to focus the treatment plan. 

Some patients with POTS have co-existent complaints 
of episodic flushing. In about half of these cases there is 
an associated mast cell activation disorder20. This can be 
diagnosed by collecting urine from individual 2-4 hour 
voids following a severe flushing spell for determination of 
methylhistamines. 

Figure 1 – Hemodynamics with Upright Posture in POTS 

The tracings for heart rate, blood pressure, and tilt table 
angle are shown for a patient with the postural tachycardia 
syndrome (POTS; left) and for a healthy control subject 
(right) during a 30 minute tilt head-up test. With head-up 
tilt, the heart rte immediately increases in POTS and peaks 
at over 170 bpm prior to the end of the tilt. In contrast the 
heart rate of the healthy control subject rises to just over 
100 bpm. The patient with POTS does not experience a 
reduction in blood pressure during the tilt test. It is largely 
unchanged during the test.

Figure 2 – Acrocyanosis in POTS
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Differential Diagnosis 

The clinical picture of POTS can be confused with 
pheochromocytoma because of the paroxysms of hyperadrenergic 
symptoms. Patients with pheochromocytoma are more likely to 
have symptoms while lying down than POTS patients, and often 
have much higher plasma norepinephrine levels. The diagnosis 
of pheochromocytoma is made by assessment of plasma or 
urinary metanephrines21. 

There is commonly some confusion between neurally mediated 
syncope and POTS. There is a clinical overlap between the 2 
disorders, such that about 30% of patients with POTS also have 
neurally mediated syncope. Nonetheless, most patients with 
POTS do not faint. 

Almost all patients with POTS also have associated fatigue. The 
reasons are not entirely clear. In some patients, but not all, the 
fatigue improves with pharmacological control of the orthostatic 
tachycardia. Some patients with POTS have symptomatic 
overlap with chronic fatigue syndrome. 

Pathophysiology of POTS 

Tachycardia and asthenia on standing is a final common pathway 
of many pathophysiological processes. POTS is therefore best 
viewed as a syndrome rather than a disease. Many disorders 
with a common key clinical presentation (the orthostatic 
tachycardia) have been described. Over the last decade, much 
has been learned about specific forms or subtypes within POTS, 
although a simple test to categorize the individual patient 
remains elusive. We discuss here the common POTS phenotypes 
including neuropathic POTS and central hyperadrenergic POTS 
(Figure 3). 

There are multiple distinct pathophysiological subtypes 
within the postural tachycardia syndrome (POTS). The top 
panel (3a) shows a basal situation with a normal amount 
of sympathetic nervous system outflow from the brain that 
activates receptors in the blood vessels (vascular tone & 
venous return), heart (heart rate & contractility) and kidney 
(blood volume regulation through renin). Panel 3b shows a 
schematic of Neuropathic POTS. There is patchy denervation 
of the sympathetic innervation of the blood vessels in 
the extremities (especially the legs) and the kidney with 
subsequent hypovolemia and increased orthostatic venous 
pooling. This feeds back to the brain to increase sympathetic 
nervous system outflow in a compensatory effort. This 
increased sympathoneural flow is sensed most in the heart 
where there is no denervation. Panel 3c shows a schematic of 
Central Hyperadrenergic POTS. In this case, the underlying 
problem is excessive sympathetic nervous outflow from the 
brain that affects the blood vessels, kidneys and the heart. In 
addition to tachycardia, this form of POTS is often associated 
with orthostatic hypertension. 

Neuropathic POTS 

Considering that POTS patients have high plasma NE levels, 
it would seem paradoxical that a neuropathy is proposed 
as an underlying process. Yet some of them have a form of 
dysautonomia, with preferential denervation of sympathetic 
nerves innvervating the lower limbs22-24. There have been 
several findings consistent with this hypothesis. The results of 
sudomotor axon reflex testing22 and galvanic skin stimulation23 

support this as well as skin biopsy results25. Further, these 
patients have been found to be hypersensitive to infusions of 
norepinephrine and phenylephrine into veins of the foot, despite 
high circulating plasma norepinephrine concentrations24. This 
suggests that there is a denervation hypersensitivity of the leg 
veins. Using a segmental norepinephrine spillover approach, 
Jacob et al.26 demonstrated that patients with POTS had normal 
sympathetic neuronal norepinephrine release in their arms, 
but less norepinephrine release (and thus less sympathetic 
activation) in their lower body.

Hypovolemia & Blood Volume Regulation 

Many patients with POTS have low plasma volumes27,28, but not 
all29. To determine if hypovolemia existed in an unselected group 
of POTS patients, we studied 15 patients with POTS (not selected 
for blood volume) and 14 control subjects5. Plasma volume was 
measured using 131-I labeled human serum albumin using a dye 
dilution technique, and compared to the predicted blood volume 
for each individual, based upon their height, weight, and gender. 
As can be seen in Figure 4, the control subjects did not have a 
significant plasma volume deficit (0.8±2.5%). In contrast, the 
patients with POTS had a plasma volume deficit of 12.8±2.0% 
(P<0.001). 

The renin-angiotensin-aldosterone system plays a key role in the 
neurohormonal regulation of plasma volume in humans. Plasma 

Figure 3 – Pathophysiological Schema in POTS

Normal (3a) Neuropathic
POTS (3b)

Central
Hyperadrenergic 
POTS (3c)
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renin activity and angiotensin II would be expected to increase 
in response to hypovolemia in order to promote blood volume 
expansion. Angiotensin II promotes sodium and water retention 
directly by stimulating sodium resorption in the proximal 
tubules, and indirectly by stimulating aldosterone secretion. 

Patients with orthostatic tachycardia who were also hypovolemic 
have low levels of standing plasma renin activity and aldosterone 
compared to normovolemic patients21,2. This is true in both supine 
(190±140 pM vs. 380±230 pM; P=0.017) and upright posture 
(480±290 pM vs. 810±370 pM; P=0.019). One would have 
expected a compensatory increase in both plasma renin activity 
and aldosterone given the hypovolemia in these patients. This 
low level of plasma renin activity and aldosterone is a paradox 
that remains unexplained. These data suggest that abnormalities 
in the renin-angiotensin-aldosterone axis might have a role in 
the pathophysiology of POTS by contributing to hypovolemia 
and impaired sodium retention. Such hypovolemia could be 
accounted for by a neuropathic process involving the kidney. A 
significant modulator of renin release is the sympathetic nervous 
system. Thus perturbations in the renin-aldosterone system 
might result from partial sympathetic denervation involving the 
kidney. 

Central Hyperadrenergic POTS 

As a part of the definition, POTS is associated with a 
hyperadrenergic state (Table 1). In many such cases, the 
hyperadrenergic state is secondary to a partial dysautonomia 
or hypovolemia. There are some cases, however, in which 
the primary underlying problem seems to be excessive 
sympathetic discharge. These patients often have extremely 
high levels of upright norepinephrine. While we require the 
upright norepinephrine level to be >600 pg/ml for the diagnosis 
of POTS, the hyperadrenergic subgroup often has upright 
norepinephrine level >1000 pg/ml and it is occasionally >2000 
pg/ml. These patients sometimes have large increases in blood 
pressure on standing, indicating that baroreflex buffering is 
somehow impaired. 

Central hyperadrenergic POTS in its most florid form is much 
less common than neuropathic POTS, comprising only ~10% of 
patients. Thus therapy in these cases usually targets a decrease 
in sympathetic tone both centrally and peripherally. 

Central sympatholytics such as methyldopa or clonidine can 
be used. Peripheral beta-adrenergic blockade may be better 
tolerated by these patients than by those with neuropathic 
POTS. 

Norepinephrine Transporter Deficiency 

A specific genetic abnormality has been identified in a kindred 
with hyperadrenergic POTS30. These individuals have a single 
point mutation in the norepinephrine transporter (NET). The 
resultant inability to adequately clear norepinephrine produces a 
state of excessive sympathetic activation in response to a variety 
of sympathetic stimuli. While rare, this mutation has taught us 
much about the importance of a functional NET. 

Although functional NET mutations might be infrequent, 
pharmacological NET inhibition is very common. Many 
antidepressant and attention deficit medications work at least in 

Figure 4 – Blood Volume Deviation in POTS 

The 3 panels show the blood volumes of control subjects 
and patients with POTS compared to hat expected based 
on their individual height, weight and gender. Data are 
shown for plasma volume (PV; Panel A), red cell volume 
(RC; Panel B) and total blood volume (TBV; Panel C). 
The plasma volume and total blood volume of the control 
subjects was similar to their expected values. The patients 
with POT had a deficit of their plasma volume (Panel 
A), red cell volume (Panel B) and total blood volume 
(Panel C) compared to the control group. Figures 
adapted with data from Raj SR, Biaggioni I, Yamhure 
PC, Black BK, Paranjape SY, Byrne D, Robertson D. 
The Renin-Aldosterone Paradox and Perturbed Blood 
Volume Regulation Underlying the Postural Tachycardia 
Syndrome. Circulation 2005; 111:1574-1582.
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part through inhibition of NET. This includes traditional drugs 
such as tricyclic antidepressants, and newer medications which 
are pure NET inhibitors (e.g. atomoxetine or reboxetine). Both 
we31 and others32 have found that pharmacological NET inhibition 
can recreate an orthostatic tachycardia phenotype in susceptible 
healthy volunteer subjects. Yohimbine, a central alpha-2 
antagonist that will also increase synaptic norepinephrine, can 
also cause orthostatic tachycardia33. 

Mast Cell Activation 

Some patients with POTS have co-existent mast cell activation. 
These patients have episodic flushing and abnormal increases 
in urine methylhistamine (the primary urinary metabolite of 
histamine)20. Methylhistamine should ideally be measured 
in 2 hour aliquots at the time of a flushing episode and not 
just in a random 24 hour period. Other associated symptoms 
include shortness of breath, headache, lightheadedness, 
excessive diuresis, and gastrointestinal symptoms such as 
diarrhea, nausea, and vomiting. Flushing can be triggered by 
long-term standing, exercise, premenstrual cycle, meals, and 
sexual intercourse. These patients often have a hyperadrenergic 
response to posture, with both orthostatic tachycardia and 
hypertension. They demonstrate a vigorous sympathetic 
vasopressor response during the Valsalva maneuver with a blood 
pressure overshoot in late phase II and an exaggerated phase IV 
blood pressure overshoot. It is not clear if mast cell activation, 
releasing vasoactive mediators, represents the primary event in 
these patients or if sympathetic activation, through release of 
norepinephrine, neuropeptide Y and ATP, is the cause of mast 
cell activation34. 

In these patients, beta-adrenergic antagonists can actually trigger 
an episode and worsen symptoms. Centrally acting agents 
to decrease the sympathetic nervous system discharge (e.g. 
methyldopa or clonidine) may prove effective. Alternatively, 
treatment could target mast cell mediators with a combination 
of antihistamines (H1-and H2-antagonists) and with the cautious 
use of non-steroidal agents (high dose aspirin) in refractory 
cases. 

Non-Pharmacological Treatment of POTS 

No therapy is successful for all patients with 
POTS. Initial efforts should focus on identifying and treating 
any reversible causes. Potentially contributory medications 
(especially vasodilators, diuretics, and drugs that inhibit NET) 
should be withdrawn. If a patient has been through prolonged 
bedrest, their symptoms will gradually improve as they 
recondition themselves to upright posture. Treatment should 
be optimized for any chronic disease that is present. If there is 
clear evidence of a re-entrant supraventricular arrhythmia, then 
this should be treated, including with radiofrequency ablation as 
appropriate. However, radiofrequency sinus node modification 
for the sinus tachycardia of POTS is not recommended. This 
often makes the patient’s symptoms worse (and occasionally the 

patient becomes pacemaker dependent). Specific therapies are 
summarized in Table 2. 

It is important to educate the patient about the nature of the 
disorder. The patient should avoid aggravating factors such 
as dehydration, and extreme heat. In order to ensure adequate 
hydration, we ask our patients to consume 8-10 cups of water 
daily and to rapidly drink 16 fl oz of water to lower their heart 
rates35. In addition, they are asked to aggressively increase their 
sodium intake up to 200 mEq/day. This is often hard to achieve 
without NaCl tablets 1 gm/tablet TID with meals. Elastic 
support hose can help to minimize the degree of peripheral 
venous pooling and enhance venous return. We recommend 
30-40 mmHg of counter-pressure and they should come up to 
the waist. If the stockings are only knee-high, a line of edema 
can form just above the stockings. Their use can be limited 
by their tolerability as the stockings can be hot, itchy and 
uncomfortable. Exercise (both aerobic and resistance training) 
is also encouraged and has been shown to be beneficial36. In 
addition to reversing any “deconditioning”, this intervention 
can also increase blood volume. Vigorous exercise may acutely 
worsen symptoms and may even result in prolonged fatigue. It 
is important that patients start slowly and remain within range 
of their “target heart rate” in the early stages to avoid symptoms 
that might discourage further exercise. 

Acute blood volume expansion is effective at controlling the 
heart rate and acutely improving symptoms. Jacob et al.37 

found that 1 liter of physiological saline infused intravenously 
over 1 hour decreased the orthostatic tachycardia from 33±5 
bpm before the infusion to 15±3 bpm immediately following 
the infusion. The physiological saline was more effective at 
heart rate control than were treatments with either an alpha-1 
agonist or an alpha-2 agonist. This treatment is not practical 
on a day to day basis as a medical setting is required to insert 
the intravenous catheter and infuse the saline. Recently, there 
have been reports of patients having regular saline infusions, 
typically 1 liter of normal saline every other day or every day. 
Many report an improvement in symptoms. However, there are 
not yet objective data to substantiate such benefit. Further, there 
is a risk of vascular access complications or infection. At this 
time, such therapy for patients with POTS should be considered 
cautiously. 

Pharmacological Treatment of POTS 

No medicines are approved by the United States Food and Drug 
Administration for the treatment of POTS. Thus all agents are 
used for this disorder are “off label”. Furthermore, there are no 
pharmacological agents that have been tested in a long-term 
properly powered randomized clinical trial. 

In patients in whom the presence of hypovolemia is either 
known or strongly suspected, fludrocortisone (an aldosterone 
analogue) is often used. Through enhanced sodium retention, it 
should expand the plasma volume, although there is a paucity 
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of data regarding the exact mechanisms of action. Although 
fairly well tolerated, side effects can include hypokalemia, 
hypomagnesemia, worsening headaches, acne, and fluid 
retention with edema. Another volume expanding agent that 
may be helpful for short-term use is oral vasopressin (DDAVP). 
This agent causes the kidney to retain free water, but not sodium. 
Potential side effects include hyponatremia, edema and headache. 
Erythropoietin has occasionally proven useful in patients with 

POTS who are refractory to other forms of therapy. While the 
primary mode of action is likely an increase in intravascular 
volume via its increase in red cell mass, erythropoietin also 

appears to have a direct vasoconstrictive effect, possibly through 
enhanced red cell mediated nitric oxide scavenging38. Treatment 
with erythropoietin has many drawbacks including the significant 
expense and the need for subcutaneous administration. 

Table 2: Treatments for the Postural Tachycardia Syndrome 

Ser Num Therapy Dosage Mechanism Drawbacks

Non-Pharmacological Approaches

1 Water 8-10 cups/day (2-2.5 L/day) Blood volume expansion ?Hyponatremia

2 Increase Dietary Salt 200-300 mEq Na+/day Blood volume expansion Difficult to augment suffi-
ciently without supplements

3 Nacl tablets 1 gm tablet PO TID Blood volume expansion Poor taste; nausea & dyspepsi 
(take after meals)

4 Elastic support hose 30-40 mmHg counter-pres-
sure; waist high

Enhanced venous return Hot, itchy & uncomfortable; 
edema above stocking if only 

knee high

5 Exercise 30 min x 3+ times per week; 
both aerobic & resistance

Blood volume expansion; 
reverse deconditioning

Vigorous exercise may worsen 
symptoms and result in pro-

longed fatigue

6 Acute IV saline IL N/S over 1-3 hours IV Blood volume expansion Effective at acute heart rate 
control; inconvenient; medical 

setting needed

7 Chronic IV Saline IL N/S IV q2 days-qdaily Blood volume expansion Anecdotal benefit only; 
requires central line; risks of 

access complications & infec-
tion; logistically difficult

Medications to Augment Blood Volume

8 Fludocortisone 0.05-0.1 mg PO OD-BID Blood volume expansion Edema; fluid retention; hypo-
kalemia; headache; hyperten-

sion

9 Desmopressin (DDAVP) 0.1-0.2 mg PO OD-BID Blood volume expansion Hyponatremia; headache; 
edema

10 Erythropoietin 2000-3000 IU SQ 1-3/week Blood volume expansion Expensive; requires injection

Medications to Decrease Sympathetic Tone

11 Clonidine 0.05-0.2 mg PO BID Agoinist of presynaptic 
alpha-2 receptor; decreases 

SNS traffic

Mental clouding; fatigue; 
drowsiness; constipation; dry 

mouth

12 Methyldopa 125-250 mg PO TID False neurotransmitter; 
decreases SNS traffic

Hypotension; headache; con-
stipation; drowsiness

Other Medications

13 Propranolol 10-20 mg PO BID-QID Beta-adrenergic receptor 
antagonist

Hypotension; drowsiness; 
fatigue; wheezing; nightmares

14 Midodrine 2.5-10 mg PO TID Alpha-1 adrenergic receptor 
agonist

Hypertension; goose bumps; 
urinary retention; pins & 

needles sensation

15 Pyridostigmine 30-60 mg PO TID Acetylcholinesterase inhibitor Abdominal cramping; 
diarrhea; increased sweating; 
increased secretions / tearing

16 Modafinil 100 mg PO BID Stimulat; mechanism unclear May reduce mental clouding; 
increase in heart rate

NaCl – Table salt; PO – by mouth; OD – once daily; BID – twice daily; TID – three times daily; QID – four times daily; IV – intravenous; 
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Central sympatholytic medications are often useful and well 
tolerated in patients with the central hyperadrenergic form of 
POTS, but may not be as well tolerated in neuropathic POTS. 
Clonidine is an alpha 2 agonist that acts centrally to decrease 
sympathetic nervous system tone. Clonidine, at doses of 0.05 
mg to 0.2 mg PO BID, can stabilize heart rate and blood 
pressure in patients with a large amount of postganglionic 
sympathetic involvement. Unfortunately, it can also cause 
drowsiness, fatigue and worsen the mental clouding of some 
patients. Methyldopa, a false neurotransmitter, is sometimes 
more successful in controlling symptoms in these patients at 
doses of 125 mg to 250 mg PO TID39. 

When used in low doses, beta-adrenergic antagonists can be 
useful. We typical use propranolol 10-20 mg PO BID-QID. 
While this dose range is small, such doses can often have a 
significant impact on heart rate control, and higher doses are 
often not tolerated due to hypotension and fatigue. 

Since a failure of vascular resistance may be an integral part 
of neuropathic POTS, vasoconstrictors such as midodrine (an 
alpha-1 agonist) can be employed40. Some patients cannot tolerate 
this agent due to the unpleasant sensation of scalp tingling or 
goosebumps. Midodrine can also cause hypertension. 

We recently reported that an unselected group of patients 
seen in our inpatient research unit were given a trial of the 
acetylcholinesterase inhibitor pyridostigmine. By increasing 
the levels of synaptic acetylcholine at both the autonomic 
ganglia and the peripheral muscarinic parasympathetic 
receptors, pyridostigmine significantly restrained the heart rate 
in response to standing in our patients with POTS. We prescribe 
pyridostigmine 30mg to 60 mg PO TID alone or in combination 
with low dose propranolol. Pyridostigmine can enhance bowel 
motility, so it is not always well tolerated in patients with 
diarrhea-predominant irritable bowel syndrome symptoms. 

While most of the treatments discussed above have focused on 
the control of heart rate, many patients are also greatly troubled 
by mental clouding. Modafinil, a stimulant whose mechanism 
is not yet clear, has been used in some patients with resulting 
improvement in alertness. However, caution is advised as it may 
aggravate the orthostatic tachycardia41. 

Conclusions 

POTS is a disorder of the autonomic nervous system in which 
many symptoms can be treated. The cardinal manifestation is 
symptomatic orthostatic tachycardia. The disorder can produce 
substantial disability among otherwise healthy people. Patients 
with POTS demonstrate a heart rate increase of ≥30 bpm with 
prolonged standing (5-30 minutes), often have high levels of 
upright plasma norepinephrine, and many patients have a low 
blood volume. Therapies aimed at correcting the hypovolemia 
and the autonomic imbalance may help relieve the severity of 
the symptoms. Continued research is vital to better understand 
this disorder and to differentiate its various subtypes. 
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Case - 1
Drug Induced Long QT Syndrome
K. Bharati†, Amit Vora 
†Chief, Dept. of Medicine, BPT Hospital

A 25-yr-old lady was posted for surgery for bifid uvula and cleft palate. She had no prior cardiac symptoms of dyspnea, fatigue, 
chest pain, palpitations or syncope. She gave no history of allergy to drugs. Her clinical examination revealed normal cardiovascular 
findings. She was given fitness for surgery, which was performed under general anesthesia. The surgery was uneventful and after a few 
hours of observation in the recovery, having completely regained consciousness was shifted to the ward. Suddenly she complained 
of palpitations, giddy feeling and vomited. On noticing irregular and rapid pulse was shifted to the intensive care unit. A 12 lead 
ECG (figure 1) revealed a markedly prolonged QT interval. The QT interval was 0.58 seconds and the QTc was 0.64 seconds. 
There was associated global giant T wave inversion. She was empirically given 2 gms of magnesium and her serum potassium 
was 4.8 meq/l. She did not have any repeat symptoms of palpitation and there was no further vomiting, headache and neurologic 
examination was normal. She was receiving ciprofloxacin antibiotic pre-operatively. This was immediately withheld. Gradually 
over the next few days her QT interval normalized and 7 days later ECG showed QT interval of 0.38 seconds and QTc was 0.44s  
(figure 2). A family screening of first-degree relatives with clinical history and ECG has been scheduled.

Acquired, drug-induced long QT is a menace and there is no foolproof manner in which this could be predicted and prevented. One 
needs to have a high index of suspicion and the immediate treatment would be to withhold the offending agent, correct hypokalemia 
and empirically use magnesium. Isoprenaline and temporary pacing may have to be used in case of significant bradycardia. These 
patients need to be intensively monitored till the offending drug wears-off. A family screening to identify form-fruste of congenital 
long QT syndrome should be performed. In absence of any evidence of congenital long QT syndrome the only precaution would be 
to give the list of medication known to prolong QT interval and they need to be avoided in the future.

Figure 1 : 12 lead ECG showing markedly prolonged QT : 0.58 s (QTc : 0.64 s) with global T wave inversion

Figure 2 : 12 lead ECG after 7 days showing a normal QT : 0.38 s (QTc : 0.44 s)


