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Flames touching the heroic glory of the system
Being revealed by the inspired steps of wisdom…
Knowledge and skill in the field of electrocardiography are constantly changing
with the new researches and understanding.
With humble words I wish to say that everything of the concerned topic is not
covered within this eBook. Here I am putting only some of my articles related to
‘The secrecy of QT interval’. I may be excused for any error or omission.
With thanks and regards

DEDICATED
TO ALL THE
FELLOW COLLEAGUES
Waking to Knowledge makes one humble ;
the sunny wisdom gets illuminated with the
embassies of flowering smile. A moment of
comradeship is enjoyed on the earth.
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QTc interval : The mathematics of its calculation
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP FICCMD

Mathematics – thou , builds and provides an approach to a digital frameworking and even
more than that , to solve a problem. Waking and sheltering to thy knowledge kindles a
creative fire.
“But the creative principle resides in mathematics. In a certain sense , therefore , I hold it true
that pure thought can grasp reality , as the ancient dreamed .” Albert Einstein
The QTc interval , the predictor of breaking in rhythm pattern is always pondered by the
clinicians while peeping through ECG. No surprise mathematics paves a pathway to reveal its
secrecy and truth.

Introduction
The QT interval measures the duration of ventricular electrical systole , covering the period
from the beginning of the QRS complex to the end of T wave. On ECG the QT interval
covers the followings , i.e.
QT = QRS complex + ST segment + T wave (in terms of time)
QRS is its forerunner complex with depolarizing current in hands , the ventricular wall is
depolarized in depth and it prepares the background for repolarization. Subsequently the
phase of ventricular contraction sets in , inscribed on ECG as isoelectric ST segment and is
followed by the delightful recovery (repolarization) , inscribed on ECG as T wave as a
marker of the end of ventricular electrical systole.
QRS
T
P

QT Interval

Fig. 1.1
Either lengthening or shortening of QT interval is pro-arrhythmogenic which may blow out
the ‘Flame of life’. And so it becomes essential to calculate QT interval by mathematical
parameters. This QT interval should be corrected as per se heart rate to enable the clinicians
to predict its pro-arrhythmogenic nature – designated as QTc.

A basic consideration
QT interval may be shortened or lengthened as per the speed of the heart rate. This is
shortened at faster heart rates and lengthened at slower heart rates. Amidst the variable heart
rate it becomes essential to calculate the accurate QT interval without being influenced by the
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heart rate so that its arrhythmogenic nature may be revealed to the clinicians and this is
known as corrected QT interval – designated as QTc interval which is of paramount
importance in clinical practice.
Here , this would be worthwhile to have a logical consideration over the the following points
at this conjunction :
 Onwards there is a period of cardiac rest (electrical diastole) , being expressed as TP
interval on ECG – the period from the end of T wave to the beginning of QRS
complex.
One cardiac cycle = QT interval + TP interval
The total duration of one cardiac cycle is measured by RR interval.
RR interval is defined as the duration between two consecutive R waves measured in
seconds and this covers the summed up duration of QT interval and TP interval as a
whole.
 To ensure complete recovery from one cardiac cycle before the next cardiac cycle sets
in , the duration of recovery must run par parallel with the heart rate. Therefore , the
increasing heart rate means shortening of RR interval and decreasing the heart rate
means lengthening of RR interval.
 Accordingly QT interval gets shortened or lengthened as per the heart rate.
The QT interval is inversely proportional to the heart rate.
o The QT interval shortens at faster heart rates
o The QT interval lengthens at slower heart rates
 This adjustment of QT interval as per se heart rate is a physiological protective
mechanism. To understand this concept it would be better here to revise the concept
of ventricular refractive period in brief.
Effective refractory period (ERP)
During this effective refractory period a new premature
impulse cannot be entertained and so this period is absolutely
refractory in nature.
All the fast Na+ channels are inactivated - as a consequence,
no stimulus is sufficient to evoke any response.

Fig. 1.2

Relative refractory period (RRP)
A new incoming impulse can be entertained but it should be
a strong enough.
The cardiac muscle in this phase of repolarization can pave a
way for the opening of Na+ channel under a strong premature
stimulus (a short circuit – the Na+ will flow inside and the
K+ will flow outside).

The shortening of the refractive period as a whole with tachycardia is a physiological effect
to accommodate and thereby permits a fast heart rate to run as such. If this protective
mechanism did not occurred , 2:1 second degree AV block manifests and the fast rate would
then be effectively half.
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In nutshell, there is dire need of the correction of QT interval as per the heart rate. So that one
may judge its pro-arrhythmogenic nature.

First step : Geometrical measurement of QT interval
By principle the ideal QT interval would be the full interval in length covering the start of
QRS complex to the end of T wave.
o Covering the start of the QRS complex
The start of the QRS complex estimation must include the initial q wave (septal wave)
– commonly best seen in leads I or II , or lead aVL , V5 and V6. The q wave should
never be ignored since it is a part of QRS complex. This q wave at times being
isoelectric in a particular lead may be incorporated within the QRS complex and so it
may be missed during the calculation period.
That’s why , the leads having the expression of q (Q) wave in vision are chosen for
QT interval estimation. In practice the QT interval is usually measured in either lead
II or V5, V6, however , the lead with the longest measurement should be used.
o Covering the end of the T wave
1. Since the descending limb of the T wave assumes somewhat an oblique course
, the maximum slope intercept method is used in practice to define the end of
the T wave. The point of this intersection touching the baseline is taken as the
point of the end of the T wave. This is also known as tangent method.
2. Beware of the accompanying U wave next to the T wave.
Larger U wave (> 1mm) that are fused with the T wave should also be
included in the measurement.
3. Smaller U wave or that which is separated from the T wave should be
excluded in the measurement.
QRS

QRS
T

P

P

QT Interval

T

U

QT Interval

Fig. 1.3
The maximum slope intercept method to define the end of the T wave
(tangent method)
The QT interval may vary in different parts of the ventricle and so with the different leads.
And this is to be kept in mind that the adjustment of the duration of electrical recovery to the
rate of electrical activation does not occur immediately , it requires several cardiac cycles.
Therefore, considering these facts the longest QT interval , must be taken into consideration.
The average of several QT intervals at least three are considered appropriate for QT
measurement.
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The next step : The calculation of corrected QT (QTc) interval by
different mathematical parameters
The QT interval must be corrected as per se the heart rate to appreciate the actual
arrhythmogenic nature of QT interval. The different mathematical formulas may be applied
for its calculation.
i. Logarithmic correction based formulas
 Bazett formula : QTc = QT/RR
 Fridericia formula : QTc = QT/RR1/3
ii. Linear correction formulas
 Framingham formula : QTc = QT + 0.154 (1-RR)
 Hodges formula : QTc = QT + 0.00175 (Heart rate -60)
 Rautahargu : QTc = QT (120+Heart rate)/180
iii. QT nomogram developed Chan et al.
N.B : ‘RR’ interval is measured in seconds while wherever the word ‘heart rate’ is mentioned
it means number of heart beats/min.
The QT interval is corrected for a given heart rate as per standard heart of 60 beats/min
(i.e the value of QTc corresponds to the QT duration at a heart rate of 60 beats/min).
Further to say , the name of the formula used should be mentioned , Such as QTc (B) ,
QTc (Fri) , QTc(Fram) , QTc (H) , QTc (R) , etc.
The formulas that are listed are expressed in second.
Normal QTc interval on average is 0.35-0.45s (350-450ms) in males 0.36-0.46s (360-460 ms)
in females.

QTc : so many formulas , but which one to use ?
The best formula would be that formula which satisfies the followings :
 It should correct the QTc uniformly at both slower and faster heart rate without
undercorrecting or overcorrecting , meaning thereby it should work at all heart rates
without having rate-dependent bias.
 It should be sensitive with superior accuracy to predict the pro-arrhythmogenic nature
of QTc interval. The method should have higher sensitivity , specificity and accuracy.
 It should allow the assessment of the QTc in a continuous manner , providing a more
reliable determination if a patient is improving or at increasing risk of ventricular
arrhythmias.
Let us have a critical evaluation of the different formulas in the light of these criteria.
Bazett formula described by Bazett in 1920 needs a through discussion to understand the
concept of QTc calculation.
The QT interval is corrected for what it would theoretically be at the rate of 60 beats/min.
Therefore , the value of QTc corresponds to the QT duration at a heart rate of 60
beats/min. And it is well known that at this rate RR interval is 1.0s and since the Square
root of 1.0 s is still 1.0 s , the QT interval will be constant. So Bazett derived the formula
for QTc calculation to be QT/RR.
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The concept of Square root with Bazett formula :
It is a well known mathematical fact that the square root of a number is the inverse
operation of squaring a number. This means when a square root is applied to a
variable , low values become more spread out and high values get compressed . The
heart rate may be variable and so its square root covers both values of the heart rate –
low or high , as illustrated below :
Square Root Transformation
Ventricular Rate
bpm
60 -100
Slower heart rate are more spread
Faster heart rate are more compressed
Fig. 1.4
Bazett formula tends to over-correct at rapid heart rates and under-correct at
slow heart rates. However , it works best between 60-100 beats / min.

Formula

Merits and demerits

Bazett formula

It tends to over estimate the number of patients with potential
dangerous QTc prolongation which might lead to unnecessary safety
measurements such as withholding the patient’s medication.

Fridercia formula

 These correction formulas show the better result of correction with
significant prediction of 30-day and 1-year mortality.
 At heart rates outside of the range 60-100 bpm , either of these
formula corrections are more accurate and should be used instead.

Framingham
formula
Hodges formula

It feeds the database most appropriately overall. At extremes of Heart
Rate the Hodges correction may work better than Bazett correction.

Rautahargu
formula (2014)

 It has minimized the inaccurate corrections at extremes of heart
rate present in other correction formulas.
 The assessment of the QTc in a continuous manner , providing a
more reliable determination if a patient is improving or at
increasing risk of ventricular arrhythmias.
 The same sensitivity , specificity and accuracy as the QT
nomogram , as discussed on the next page.
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QT nomogram
It was developed in 2007 by Chan et al. The physician calculates the QT interval and then
plots the QT interval at the patient’s heart rate. If the QT interval is above the nomogram line
, as shown below , the patient is considered to be in risk of ventricular arrhythmias. Two
drawbacks are encountered with QT nomogram – (i) its inability to determine the likelihood
of developing ventricular arrhythmias at variable threshold above the nomogram line and (ii)
the QT nomogram does not predict if a patients condition is improving or worsening
over time. This nomogram works well for the identification of prolonged QT interval.
QT nomogram

20

Fig. 1.5

40

60

80

100

120

140

Heart rate (bpm)

In this portion of this plotted graph when the risk line is broken (heart rate above 110) there
exists insufficient data pointing towards the validity of the nomogram towards the risk
assessment.

Concluding remark
QTc interval assessment aims at predicting its pro-arrhythmogenic nature and it is very useful
for the clinicians if one encounters either its lengthening or shortening. There are many
formulas to correct QT interval for the given heart rate.
The QTc / RR analysis identified the Fridercia and Framingham correction formulas as the
better one if the heart rate is outside the range of 60-100 bpm. So replacing Bazett collection
with Fridercia or Framingham corrections would impart a better QTc measurement.
QTc nomogram as developed by Chan et al in 2007 is easy to use to predict the risk of
ventricular arrhythmias.
The recently developed Rautahargu formula 2014 is emerging as a formula with its extra
merits , as mentioned earlier on Page 5.
One should not have hesitation in consulting a cardiologist in accessing QTc interval related
risk of ventricular arrhythmias whenever needed. They are our best friends to guide under a
dire need to save the life of the patient.
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Acquired QTc prolongation : Its Electrophysiological background
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP FICCMD

O Heart , Thou pure Flame kindles a smooth path for the electrical current to flow – the life
smiles with its each gallop with awakening to the comradeship of thy working without the
vibrant perception of arrhythmias.
Thou protect thouself by a ruddy pile of electrical resistance. But the hostile forces may
penetrate even through a small gap , being somewhat free from absolute resistance ………
thou are hurled by the unwanted electricity of cardiac arrhythmias , at times even resulting in
sudden cardiac death. This may happen so by delaying the duration of thy ventricular
repolarization – QTc prolongation.

Introduction
QT prolongation is a measure of delayed ventricular repolarization , which means the heart
muscle takes longer time than normal to repolarize itself between beats. Two types of QT
prolongation are seen in clinical practice : congential or acquired , the acquired being
commoner , usually due to either drug-induced or electrolyte disturbances.
QTc prolongation can trigger dangerous arrhythmias such as Torsades de Pointes (TdP) ,
associated with high all – cause mortality in such patients.
One study in France revealed that between 5-7% of reports of ventricular tachycardia ,
ventricular fibrillation , or sudden cardiac death existed in fact due to drug-induced QT
prolongation with Torsades de Pointes. And a study from the Netherlands showed that 3.1%
of patients experiencing sudden cardiac death were also using QT prolonging drugs.
Under such circumstances it is a dire necessity to study this topic.

What is QTc prolongation in term of its measurement ?
Several recent reviews have suggested the following measurements for the QTc prolongation:
 An “upper limit” of 460 ms in patient <15 years of age (similarly applicable to males
and females both in this age group)
 >440 ms in males and >460 ms in females.
In this algorithm , any QTc value within 20 ms of these designated upper limits (borderline) ,
which warrants a clinician to be alert and to evaluate the case.
10% to 20% of otherwise healthy persons may have QT value outside its range.
The useful rule of thumb at a glance is that with
normal heart rate of 60-100 beats/min , the QT
interval should not exceed half of the RR interval.
QTc Prolongation
Fig. 1.1
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QTc over 500ms is usually associated with high all-cause mortality reflecting its
increased risk of Torsades de Pointes (TdP) – a polymorphic VT.

Electrophysiology concerned with QTc prolongation
The cardiac life flows through the smooth functioning of its ‘Action Potential’. There are
certain specific pores over the cardiac membrane through which ionic inflow and outflow
occur - these are known as Cardiac channels.
Broadly speaking there are two directions with the flow of the current , namely inward
current and outward current , as illustrated below :
 The rapid inward flow of Na+ during Phase 0
 A brief outward flow of K+ during Phase 1
 The inflow of Ca2+ with simultaneous outflow of K+ during Phase 2 (Plateau Phase)
 Cessation of Ca2+ inflow followed by outflow of K+ during Phase 3
And at the end there is restoration of resting phase (Phase 4) brought about mostly by
Na+-K+ ATPase pump.
The entire concept is illustrated by the following sketch :

1

2

Phase 0

3

0

4

Phase 1

Extracellular
Na+
Intracellular

Phase 2

Phase 3

Phase 4
K+

Ca2+
K+

K+

K+

Na+

QRS

P

T

The grey box indicates extracellular compartment and the red
space below indicates intracellular compartment of the ventricular
myocytes.

QT Interval

Fig. 1.2
Malfunction of ion channels may result in QT prolongation on the ECG. This is mainly
brought about by the reduced outflow of K+ ions during the repolarization phase leading to
QT prolongation.
o By binding to and inhibiting the rapid delayed rectifier potasisum current protein (Ikr) ,
certain drugs decreases the outflow of potassium ions (a long QT interval is most freqently
seen with Class I and Class III antiarrhythmic drugs).
o Low extracellular potassium also reduces Ikr by its enhanced inactivation resulting in
somewhat more prologned T wave with its decreased amplitude. With more degree of
hypokameia , T and its accompaniant U wave both are fused together leading to long QT
interval (U wave prominence is due to underlying prolonged ventricular repolarization).
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When the serum potassium concentration is <2.7 mEq/L , the QTc prolongation on ECG is
compitiable with hypokalemia in most of the cases (normal serum potassium level = 3.5-5.5
mEq/L). Low serum potassium may be associated with low serum magnesium as well.

Prolonged QTc interval may lead to a dangerous arrhythmia –
Torsades de Pointes (TdP)
QTc prolongation may be associated with the risk of TdP especially if this exceeds > 500 ms.
A widely known consequence of QT prolongation is the genesis of ‘Early afterdepolarization’
(EAD) which may be triggered by premature ventricular complexes or Catecholamines
induced triggering inputs.
The plateau phase 2 and/or phase 3 of the action potential is having high membrane
resistance with little current flow, so triggered beats are not usually capable of inducing
tachyarrhythmias. The prolonged action potential with slowing of repolarization rate
(bradycardia-dependent) associated with one or more triggered beats is the main
underlying culprit for prolonged QTc interval leading to tachyarrhythmias. It seems that
resultant enhanced repolarization dispersion is the provocating factor for initiating
torsades de pointes - a polymorphic VT twisting over its own axis occurring with long
QTc, as illustrated below :

Slowing of
repolarization
rate

One or more
triggered beats
Prolonged
ProlongedQT
QTc

EAD

ECG

Normal action
potential

Fig. 1.3

↑ dispersion of ventricular
repolarization

Triggered beats causing Torsades
de Pointes (± re-entry)

VT / VF
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Risk factors for QTc prolongation / TdP
An individual having prolongation of the QT interval may have additional risk factors,
which must be taken into consideration.

Unmodifiable risk factors









Female gender (present in 70% of cases)
Most likely as a result of post-pubertal hormonal influences over cardiac ion channels , especially
Ikr with its down-regulation.
Old age
QT generally increased with advancing age due to age-related electrophysiological and structural
changes which may enhance the risk of potentially life-threatening arrhythmic events. These age
group may also be associated with impaired renal function .

Genetic predisposition
o Congenital long QT syndrome
o Family history of sudden death
o History of previous drug induced QT prolongation
Structural heart disease / Left ventricular dysfunction reflecting decreased repolarization
reserve.
Impaired elimination due to renal or hepatic disease.

Potentially modifiable risk factors




Electrolytes disturbances
Hypokalaemia , hypomagnesemia, hypocalcaemia
Absolute or relative bradycardia (including recent conversion from AF)
Drug interaction

o The concurrent use of more than one QT prolonging drugs.
o Drugs that inhibit the metabolism of other QT prolonging drug
o Drugs that cause electrolyte abnormalities or may impair renal or hepatic function .
 Lifestyle changes
o Obesity
o Chronic alcoholic
o High anxiety is associated with increased QT dispersion
 High drug concentrations due to its overdosing or rapid IV administration
 Miscellaneous
o Starvation / dehydration
o Hypercholesterolemia , Thyroid disorders , Diabetes , Covid-19 infection
NB : The QT interval has been found to be longer in pregnant women in comparison to nonpregnant women ; but it is within normal range in both groups. With a pregnant women a
thorough search should be made to uncover any other risk factor apart from the gender.
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Precautionary Steps
Clinicians are advised to ponder over the following points while considering the case of
prolonged QTc.
 Screening of the risk factors for QTc prolongation with an aim to correct the
potential modifiable.
 If there are risk factors for electrolyte disturbances , electrolyte should be
measured periodically and an aim to correct them should be kept in mind.
 All patients should be advised to report symptoms of arrhythmia or any condition
that might lead to hypokalemia or renal dysfunction.
 Baseline ECG should be recorded in high risk patients or in patients receiving
more than one QT prolonging drugs , also in all patients reporting with symptoms
of arrhythmia.
 Halt the habit of prescribing QT prolonging drugs and anti-arrhythmic drugs
(Class I or Class III) simultaneously.
 Most drugs that prolong the QT interval work in a concentration dependent
manner.
 If QT prolongation (>500ms) or symptomatic arrhythmia occurs , the medicine
should be discontinued unless there are compelling indications to continue and
specialist advise from a cardiologist should be sought. Investigation for congenital
long QT syndrome may be appropriate to consider when the QTc fails to
normalize after the discontinuation of the concerned medicine.
 Patients should be advised to have sufficient intake of water to avoid dehydration.
Patients should also be advised to avoid consuming grapefruit juice and they
should be encouraged to adopt a healthy lifestyle pattern.

Drugs causing the prolongation of QTc interval
A special consideration is required when prescribing drugs like anti-infectives, diuretics,
anti-emetics/gastric mortality agents , anti-psychotics, anti-depressants, antihistamines
and anti-arrhythmics, etc. , which may prolong the QTc interval.
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Whenever there is need to verify the role of drug in inducing prolonged QT interval , one
should consult the concerned pharmacopoeia.
A list of some of the drugs causing QTc prolongation is outline , as below. The available
clinical evidence suggest that additional risk factors must be present before drug induced
QTc prolongation / TdP would occur. In most reported cases at least one additional risk
factor was present and in 70% of cases two risk factors were present.

A list of some of the drugs causing the prolongation of QTc interval :
This should always be kept in mind that most drugs which prolong the QT interval
behave in a concentration-dependent manner.
o Anti-infectives
Antibiotics
 Microlides : Clarithromycin , Erythromycin , Azithromycin
 Fluroquinolones : Levofloxacin , Cyprofloxacin , Gatifloxacin
Moxyfloxacin

,

Others
 Anti-malarials : Chloroquine, Hydroxychloroquine
 Anti-fungals : Ketoconazole , Itraconazole

o Anti-ematics
 Dom-peridone , Ondansetron
o Anti- antipsychotics
 Typical antipsychotics : Chlorpromazine , Haloperidol , Thioridazine
 Atypical antipsychotics : Quetiapine , Risperidone , Ziprasidone

o Anti- deppressants
 SSRIs (selective serotonin re-uptake inhibitors)
 An ECG is recommended before patients are prescribed SSRI
agents citalopram and escitalopram if the prescribed dose is above 40
mg or 20 mg per day, respectively.
 Fluoxetine
 Paroxetine
 Sertraline
 SNRIs
 Venlafaxine
 Tricyclic antidepressants : Amitriptyline , Desipramine , Doxepin ,
Imipramine
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o Anti- arrhythmics
 Class IA : Disopyramide , Procainamide , Propafenone , Quinidine
 Class III : Amiodarone , Dofetilide , Ibutilide , Sotalol
o Others
 Migraine drugs : Sumatriptan , Zolmitriptan
 Methadone
 Anti-cancer : Tamoxifen, Nilotinib, Lapatinib

Illustration of QTc prologation by ECGs
ECG No. 1

Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Prinicipal ANMMCH , Gaya
Bihar ; Chairman AIMS, Gaya.

45 years Female presented to the emergency department with recurrent seizures since 1 day.
She was diagnosed with epilepsy 6 years back and was put on sodium valproate 300 mg bd.
No proper workup for seizure was done. Her ECG shows prolonged QT interval (QTc
interval exceeding half of the RR interval).
Investigations done :
 Blood sugar , blood urea , serum cateninie and Electrolyte : Normal
 Serum calcium-7.5mg/dl
 Serum albumin-4.5gm/ml
 Serum Phosphorus-8.5mg/dl (Normal range 3.4 to 4.5 mg/dl)
 Vitamin D-40mg/dl
 Serum Mg-1.8mg/ml (Normal range 1.7-2.3 mg/dl)
 Serum PTH-3pg/ml (Normal value in adult : 10-69 pg/ml)
Contd.
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CT Brain
Bilateral basal ganglia calcification

Fig. 1.4
Discussion :


In this case primary hypoparathyroidism was diagnosed on the basis of low serum
calcium (association with QTc prolongation) , high phosphate, and low PTH in
background of normal magnesium level along with radiological evidence of basal
ganglia calcification.
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ECG No. 2

Source : Dr. Mritunjay Kumar Singh, Senior Nephrologist and consultant Physician at AIMS, Gaya

A Young body presented with Quabriparesis and respiratory arrest.
ECG Findings :
 QTc interval = 520ms
 T wave with somewhat low amplitude
 A slight depression of ST segment
Investigations :
Serum Potassium
14/03/2021

15/03/2021

16/03/2021

17/03/2021

18/03/2021

1.48 Mmol/l

1.81 Mmol/l

2.52 Mmol/l

3.50 Mmol/l

4.10 Mmol/l

Serum magnesium on 15/03/2021 = 1.63 mg/dL
(Normal value = 1.70-2.20 mg/dL)

Discussion :
 Prolonged QTc interval is due to the combined effect of hypokalemia and
hypomagnesemia.
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Concluding remark
QTc prolongation can trigger dangerous arrhythmia such as Torsades de Pointes (TdP) ,
associated with high all – cause mortality in such group of patients. Two type of QT
prolongation are seen in clinical practice : Congenital or Acquired , acquired being
commoner usually due to either drug-induced or electrolyte disturbances.
People with QT prolongation do not usually experience any symptoms. Clinician typically
detects the condition during a routine medical checkup. When symptoms are present they
may include new onset syncope , palpitations , seizures or resuscitated cardiac arrest.
Most drugs that prolong the QT interval work in a concentration dependent manner.
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Congenital Long QT Syndrome : Electrophysiological perspective
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP FICCMD

O Heart , Thou smiling imparts a heroic glory to a newborn by opening a benignant door in
his life. This Seer-move blesses him with the flame-forces of a disciplined electrical field
through the ‘Action potential’ which keeps the existence safe and alive.
Assailed by the opponent hostile forces , the creative steps of thou ‘Action potential’ in
invocation get staggered and the life may suffer with agony and even it may be wrapped with
the Flame of death. This may happen with what is known as ‘Congential Long QT
Syndrome’.

Introduction
The cardiac life flows uninterrupted with the smooth functioning of its ‘Action Potential’.
There are genetically determined pores over the cardiac membrane through which ionic
inflow and outflow occur - known as cardiac channels. Sometimes these genetic pores by
birth are having altered electrophysiological functioning either from mutational loss or gain
in the concerned gene which encodes the subunits of the channels responsible for a particular
ionic expression.

Cardiac membrane
Ion Channel with its subunits /regulatory proteins
(genetically determined) executing dissimilar expression
at different sites of the cardiac membrane, concerned
with different ions transfers - inflow / outflow.
Ionic controlled transfer (Na+ , Ca2+ , K+ , etc.) across the
cardiac membrane

ION CHANNEL : A BASIC CONCEPT

Fig. 1.1
This genetically determined electrophysiological alteration in these channels at different sites
of the cardiac membrane has been claimed as the basic primary abnormality in ‘ Congenital
Long QT Syndrome’. It has a high risk of life-threatening arrhythmias in the young. These
episodes can be triggered by certain stimuli eg. exercise or emotional stress. Disease
prevalence is found to be 1 in 2500 live birth.
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Cardiac electrophysiology under normal condition
Normally the inside of the cardiac membrane is more negative than the outside – 3Na+
outside the cell and 2K+ inside the cell maintain this equilibrium (resting polarized state). The
cardiac journey adopts a sequential movement with ionic exchanges across the cardiac
membrane , as mentioned below.
 The rapid inward flow of Na+ (through the voltage-gated Na+ channel-Nav 1.5)
during Phase 0 depolarizes the cardiac membrane with reversal of its polarity
(negativity outside the cell and positivity inside the cell).
 The subsequent steps pave the pathway for repolarization with the restoration of the
original polarity of the cardiac membrane.
Phase 1 : The opening of Ito current (Calcium-insensitive transient outflow
current) with a brief outflow of K+ causes the ICa channel to be activated.
Phase 2 : The inflow of Ca2+ with simultaneous outflow of K+ during phase 2
(Isoelectric Plateau phase) is associated with calcium-induced ‘excitationcontraction coupling’ resulting in harmonized contraction of the ventricular
myocytes.
Phase 3 : Cessation of Ca2+ inflow followed by outflow of K+ completes the stage
of repolarization. .
Phase 4 : Restoration of resting polarized state is brought about mostly by
Na+-K+ATPase pump.
In nutshell the entire event may be summarized like



Depolarization INa (NaV 1.5)
Repolarization Ito expression prepares the platform for Ica activation.
Ica-IK (ventricular excitation-contraction coupling)
Cessation of Ca2+ inflow with outflow of K + completes the
repolarization.
+
+
Restoration to the resting state mainly by Na -K ATPase Pump.



1

Phase 0

2

Extracellular
Na+

3

0

4
QRS

P

Fig. 1.2

T

Introduction
QT Interval

Phase 1

Intracellular

Phase 2

Phase 3

Phase 4
K+

Ca2+
K+

K+

K+

Na+

The potassium channels represent a family of the delayed rectifier potassium
channels (IK) , being active during repolarization are IKr, IKs, IKi. The first two IKr
(rapidly evolving current) and IKs (slowly evolving current) allow a sustained K+
efflux during repolarization (Phase 1-3). The inward rectifier current IKi pushes the K
ions inside the cardiac cell and hence the nomenclature.
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Molecular Electrophysiology of Congential Long QT
There have been several genes identified with mutational changes but the three types based
on genetic abnormality represent in majority of the cases : LQT1, LQT2 and LQT3.
LQT1
Prevalence rate 40-55%

IKs

A loss of function by mutation in the KCNQ1 gene
reduced IKs current
Broad-based T

An early-onset broad-based T

Fig. 1.3

LQT2
Prevalence rate 30-45%

IKs
IKr

A loss of function by mutation in the KCNH2 gene
reduced IKr current
Low amplitude and bifid T
First peak of bifid T due to existing IKs current and the second P
is due to reduced IKr current

Low amplitude and bifid T

Fig. 1.4

LQT3
Prevalence rate 6-10%

Nav 1.5

Long isoelectric ST segments
with late appearing T wave

Fig. 1.5

A gain of function by mutation in the SCN5A
impaired Nav 1.5 inactivation
This impaired inactivation during the plateau phase
of repolarization causes the action potential
duration to be prolonged.
Long isoelectric ST segment with a late appearing
T wave
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Further Electrophysiological reflection over 12-lead surface ECG
 Prolongation of QT interval
The long QT in LQT1 and LQT2 is mostly the result of T wave lengthening , whereas
in patient with LQT3 lengthening of QT is mainly due to an increased duration of
isoelectric ST segment.
 Paradoxical lengthening of QT interval in LQT1
In normal subjects the QT interval is inversely proportional to heart rate : the QT
interval shortens at faster rates and vice versa is true at slower heart rates.
Low dose epinephrine infusion shortens the QT interval in control normal subjects
and those with LQT2 and LQT3 but paradoxically lengthens in each subjects with
LQT1 (this paradoxical lengthening of QT interval in LQT1 patients happens because
of the mutation-dependent impairment in IKs , the current essential for QT adaptation.
The lack of QT shortening during sudden increase in heart rate favours the R-on-T
phenomenon with initiation of ventricular arrhythmias).
 Sinus node dysfunction
Sinus bradycardia with sinus pauses has been reported in upto one-third of patient in
LQT3 as a result of sodium channel mutations (reduced automaticity).
The other possibility is the blunted autonomic responses, manifested by relatively low
values of baroreflex sensitivity with reduced ability to change the heart rate.
Several LQTS patients have sudden pauses in sinus rhythm exceeding 1.2 sec and it
may contribute the initiation of the arrhythmias. Its occurrence in LQT3 patients
imposes an important warning signal for the initiation of arrhythmias.
 2:1 AV block
Functional 2:1 AV block may occur due to extreme QT prolongation. This is usually
seen when the sinus cycle length is shorter than the effective refractory period of HISPurkinje fibres. At times 2:1 AV block might happen due to associated genetic defect
(SCN5A gene mutation) specially during ventricular arrhythmias in patients with
LQT3.
 Markers of Potentially arrrhythmogenic changes on ECG (electrical instability)
The progressive QT prolongation might allow the recovery of Purkinje fibers which is
evident on ECG as prominent U wave. If the increased diastolic interval occurs
abruptly , fusion between T wave and U wave may occur. There may be associated
distortion of the T wave + T wave alternans.
In summary :
 Prolongation of the QT interval with appearance of prominent U wave / U
alternans / U wave may distort the T wave
 T wave aberration / T wave alternans
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Mechanism of Arrhythmogenesis
QTC dispersion :
The Genotype expression associated with Congenital Long QT results in
biostructural changes in ion channels. This causes a mismatched transmural arrangements of
affected channels , also involving the distant cardiac segments (temporal distribution) with
the profound possibility of QT dispersion , predisposing the patient concerned to ventricular
arrhythmias.
This is also to be mentioned here that a widely known consequence of QT prolongation is the
genesis of ‘Early afterdepolarization’ (EAD) which may be triggered by a sudden adrenergic
stimulation , as illustrated below:

LQT1

LQT2

LQT3

Exercise or stress :
a systemic catecholamine
release with its effects

Acoustic stimuli / higher risk in
post-partum period : equal to
sudden fright with catecholamine
release
During sleep or at rest sudden
cardiac death may occur
at
rest
the
incomplete
inactivation of INa leads to
abnormal repolarization

Markers of Potentially
arrhythmogenic Changes on
ECG (electrical instability)
 Prolongation of the QT interval
with appearance of prominent
U wave / U alternans
U wave may distort the T wave
 T wave aberration / T wave
alternans

A sudden adrenergic stimulation

Torsades de Pointes

Fig. 1.6

3 ‘S’ - mnemonic
 Syncope
 Seizure
 Sudden death
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A diagnostic approach
o Diagnostic criteria LQTS : 1993 – 2011
It is always important to keep in mind that a prolonged QT interval alone is not
sufficient to make the diagnosis of LQTS which is a syndrome within itself. For the
purpose a diagnostic score was suggested by Schwartz et al in 1993. This ‘Schwartz
scoring system’ with some modification in term of scoring point (1993-2011) has been
further suggested, as outlined below.

Table 1 : Diagnostic criteria LQTS 1993-2011
ECG findingsa
(A) QTcb
>480 ms
460-479 ms
450-459 (in males)
(B) Torsade de pointesc
(C) T wave alternans
(D) Notched T wave in three leads
(E) Low heart rate for aged
Clinical history
(A) Syncopee
With stress
Without stress
(B) Congenital deafness
Family history
(A) Family members with definite LQTSf
(B) Unexplained sudden cardiac death below age 30
among immediate family members
a

3 points
2 points
1 point
2 points
1 point
1 point
0.5 point

2 points
1 point
0.5 point
1 point
0.5 point

In the absence of medications or disorders known to affect these ECG features.
Calculated by Bazett’s formula , where QTc = QT/RR.
c
Mutually exclusive.
d
Resting heart rate below the second percentile for age.
e
The same family member cannot be counted in A and B.
b

f

Scoring :
1 Score or less – low probability of LQTS
1.5-3 scores – mediocre probability of LQTS
3.5 scores and more – high probability.
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o

According to the guidelines in effect HRS/EHRA/APHRS Expert Consensus
2013

According to the guidelines in effect HRS/EHRA/APHRS Expert Consensus 2013, LQTS is
diagnosed after excluding the secondary causes of tprolongation of the QT , when :
1. a) Scoring according to diagnostic criteria LQTS (1993-2011; Tab.1) is >3.5 in the
absence of a secondary cause for QT prolongation ,
And / or
b) diagnosed presence of an unequivocally pathogenic mutations in one of the genes
responsible for LQTS
or
c) QTc>500 ms (using Bazett’s formula) in the subsequent 12-lead ECG and in the
absence of secondary cause for QT prolongation.
2. QTc 480-499 ms in the subsequent 12-lead ECGs, when there occur unexplained
Syncope in the absence of secondary cause for QT prolongation (even when the result
of genetic test is negative).
HRS (Heart Rhythm Society)
EHRA (European Heart Rhythm Association)
APHRS (Asia Pacific Heart Rhythm Society)

Miscellaneous Congenital Long QT Syndrome
 Zervell-Lange-Nielsen syndrome : Bilateral sensorineuronal deafness, syncope with

sudden death. This is caused by two genes that encode the slowly activating rectifier
potassium channel.
 Romano-Ward syndrome : same without deafness affecting only the
electrophysiological properties of heart. It is caused by mutation in eight different
genes involving the different channels.
 Anderson-Tawin syndrome (LQT7 syndrome) : multisystem environment with a
triad of periodic paralysis , dysmorphic features and ventricular arrhythmias. There
may be prominent U wave, ventricular ectopy which may include polymorphic VT,
bigeminy and bidirectional VT. This is largely benign condition and sudden cardiac
death is extremely rare.
 Timothy syndrome (LQT8 syndrome) : Highly lethal multisystem disease with + 2:1
AV block , congenital heart disease , syndactyle , dysmorphic facial feature and
immune deficiency. Mutation in calcium channel is responsible for the syndrome.
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Concluding remark:
The Congenital long QT Syndrome is caused by the changes in the bioconfigurations of
cardiac ions channels proteins, being expressed as a consequence of genetic mutations
affecting the flux of ions such as sodium, potassium, and calcium across myocardial
membrane.This results in prolongation of QTc interval with an increased propensity for
ventricular tachyarrhythmias. The younger generation is usually the victim and may even
embrace sudden cardiac death even in the absence of structure heart disease. The application
of the knowledge of applied cardiac electrophysiology would make the pathway smoother for
understanding. The phenotype expression is not uniform in all the variants of congenital long
QTc syndrome, most possibly due to different mutational changes at different genetic foci.
The proper basic understanding of this disorder might save the life of the person concerned.
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Shortening of QT interval : Its electrophysiological foundation
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP FICCMD

The Fire flame of Day in action kneels down , the evening slips smoothly into the nighty
hours of rest. The life is sweetened by the pilgrim-journey of day and night – a perpetuation
of motion with rest in happiness.
‘O’ Heart , thou electrical potential working with a logical basis of performance enjoys the
same gracious journey , thrilling the spirit with the sweeps of action and rest by the throbs of
electrical systole and diastole.

Introduction
The QT interval denotes the duration of ventricular electrical systole , measured from the
beginning of the QRS complex to the end of the T wave. In other words , the QT interval
dictates the time for both ventricular depolarization and repolarization to occur and therefore,
roughly estimates the duration of ventricular action potential.
QT = QRS + ST segment + T wave (in term of Time).
QTc interval ranges from 0.35s to 0.44s in males / 0.46s in females ;
QTc is short if <0.35s
QRS complex denotes the depolarizing current and so the subtraction of the QRS duration
from the QT interval may be necessary when estimating the duration of repolarization
independent of the depolarization duration. Though this procedure provides potential
accuracy , there is a difficulty in determining the end of the QRS complex – hence QT
interval is in practice.

Electrophysiology concerned with QT interval
The initial component of QT interval – QRS is initiated by the depolarizing current (Na+
channel) spreading from the endocardium towards the epicardium (Phase 0) followed by a
transient flow of K+ ions out of the cells , making the membrane potential slightly more
negative – inscribing a notch on the action potential waveform (Phase 1).

1 2
3

0
4

4

AP

T

QT Interval

Fig. 1.1

Phase 1

Extracellular
Na+
Intracellular

QRS

P

Phase 0

Phase 2

Phase 3

Phase 4
K+

Ca+
K+

K+

K+

Na+

The grey box indicates extracellular compartment and the red
space below indicates intracellular compartment of the ventricular
myocytes.
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The next phase 2 is to keep the ventricular mass with reversed polarity (negativity over the
outer cell membrane and positivity over the inner cell membrane , opposite to the cell
membrane polarity at rest). The purpose aims at the creation of dynamic isoelectric phase so
that Ca2+ conductance inside and K+ conductance outside may take place to bring ‘excitationcontraction coupling’ with harmonized myocardial contraction (this is reflected on ECG as
ST segment).
With the subsequent closing of Ca2+ channels, the phase 2 gets completed and there is a
sequential opening of the K+ channels (Phase 3). The delayed rectifier potassium channels
(Ikr, Iks) are first to be opened to bring the efflux of the K+ from intracellular compartment to
extracellular compartment. The next is the opening of Iki chnnels resulting in inward pushing
of K+ ions into the intracellular compartment. Due to this efflux and influx of K+ ions there is
a potential difference across the cell membrane being reflected by a wave – known as Twave.
And at the end , there is restoration of resting stage (Phase 4) brought about mostly by Na+K+ ATPase pump.
The entire concept of Rectifier Potassium Channels is illustrated as below :
Rectifier Potassium Channels

Delayed rectifier outward channels

IKr

IKs

Inward rectifier channels

Fig. 1.2

IK1

*IKACH

*IKATP

*IKACH and *IKATP play its important role as inward rectifier current under specific
circumstances. Vagal stimulation causes activation of I KACH and conditions like hypoxia /
myocardial ischemia results in the activation of I KATP. Both these activations cause the QT
interval to be shortened :
Delayed rectifier outward currents
The delayed rectifier potassium channels allow a sustained K+ efflux during
repolarization . These group broadly consists of Ikr and Iks.
Inward rectifier current
The inward rectifier channels (IK1 , IKACH , IKATP) push the K+ inside the cardiac cells
and hence the nomenclature.
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It would be better to have a bird’s eye view over the following sketch to understand the
concept of ionic environment inside and outside the cardiac membrane.
Ca2+/Kr+ exchange

Ikr , IKs

T-tubule (DHP receptor)
2+

Ca Storage
RyR2
Sarcoendoplasmic
reticulum calcium
ATPase (SERCA)

Ca

SR

Na-Ca exchanger

Ca2+
3Na+
Inward rectifiers channels

2+

Release

Actin & Myosin

IK1 , IKACH , IKATP

Na-K ATPase Pump

Contraction

3Na+

ATP

2K+

Excitation-Contraction Coupling

Fig. 1.3

Why we are concerned with shortening of QT interval ?
Shortening of QT interval may induce lethal ventricular arrhythmias. In order to have the
basic concept it would be better to divide the QT interval as follows :
 ST segment (inward Ca2+ conductance and outward K+ conductance leading to
Ventricular contraction).
 Heightened dynamics of Ikr , Iks and Iki
 Activation of adenosine triphosphate – sensitive potassium channel (I KATP)
 Activation of acetylcholine – sensitive potassium channel (IKACH)
 Resetting of the cardiac action potential by Na+-K+ATPase Pump
The changes described above might be responsible for shortening of the QT interval under
specific circumstances.
NB : The mechanism involved in ventricular arrhythmias.
A Proposed hypothesis : Any change , as mentioned above , may shortened the QT interval
which may disturb the potassium homeostasis during the repolarization phase. The K+ is
likely to play its role as a protective mechanism against ventricular arrhythmias because the
K+ conductance smoothly re-establishes the resting membrane potential. Therefore , there is a
harmonized polarity across the cardiac cell membrane , nullifying the possibility of
transmural potential dispersion during repolarization. This is well-known that shortened QT
interval creates transmural dispersion during repolarization.
The transmural dispersion of repolarization : The action potential shortening here occurs to a
greater extent in some layers of the cardiac walls than in others. It , thereby , indicates that
some layers of the cardiac myocytes are fully repolarized and so they are ready to contract
and the reverse is also true , the other layers are only partially repolarized and so remaining
within their refractory period, unable to be re-excited.
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A triggering impulse in the presence of short effective refractory period may be met with a
critical point in the cardiac cycle where electrical impulse is being conducted in some regions
but is blocked in others, potentially creating a wavebreak with resultant reentrant
arrhythmias.

ARRHYTHMOGENESIS WITH SHORTENED QTc





Short ventricular effective refractive period
Transmural dispersion of repolarization i.e. the different layers of
myocardium (subendocardial, subepicardial and mid-myocardial cells)
repolarize at different rates.
A triggering impulse (ventricular extrasystole) arriving at a critical
point in the cardiac cycle, and the resultant electrical wave is conducted in
some regions but blocked in others, potentially resulting in wavebreaking
with re-entrant tachyarrhythmias.
Fig. 1.4

Potential causes of shortened QT interval with its underlying
mechanism
 Hypercalcaemia : There is a shortening of the ST segment.
 Short QT syndrome (a genetic condition) due to reduced influx of calcium during the

plateau phase 2 and increased potassium efflux during the phase 3 as illustrated by the
following sketch :
ICa2+

Fig. 1.5

IKr

IKs

IKi

 Activation of adenosine triphosphate – sensitive potassium channel (I KATP)
Exposure to several metabolic insults such as hypoxia and ischemia lead to opening of
the ATP-sensitive potassium channels and thereby , causes the amplified influx of K+
inside the cardiac cells with subsequent shortening of the action potential with
attenuated contraction.
Effect of catecholamines through Beta-adrenoceptor may also induce activation of
ATP-sensitive potassium channel.
 Activation of acetylcholine sensitive potassium channel (I KACH) by heightened vagal
tone. This may lead to deceleration-dependent shortening of the QT interval – known
as paradoxical QT interval shortening with a decrease in heart rate instead of being
increased.
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 Inhibition of Na+-K+ ATPase pump

The main mechanism of action of digitalis is on the sodium-potassium ATPase of
the myocyte. It reversibly inhibits the ATPase resulting in increased intracellular
sodium levels. The build-up of intracellular sodium leads to a shift of sodium
extracellularly through another channel in exchange for calcium ions. The calcium
entry inside leads to enhanced cardiac excitation contraction coupling resulting in
shorted QT interval.

Illustration by ECGs
ECG No. 1 : Hypercalcaemia

Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Principal ANMMCH , Gaya Bihar ; Chairman
AIMS, Gaya

74 years old male, a chronic smoker was evaluated for Polydypsia, Polyuria, Fatigue and Pain
abdomen. Physical Examination was unremarkable. X-ray Chest PA normal. Blood Sugar,
Urea, Serum Creatinine , Na+, K+, Cl- and HCO3 - were all normal but serum calcium 12
mg/dL.
ECG findings :
I. Shortening of QTc (0.34s) interval with a virtual absence of ST segment which is
hardly discernible.
II. There is widening of T wave to counteract the short QT interval – an effect of
hypercalcaemia.
III. The ‘J” wave (Osborn wave) is also seen over V3.
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ECG No. 2 : Short QT syndrome

Source : Global Heart Rhythm Forum (15.05.2019) by Dr. R. Rajasekar , Eminent Diabetologist and Senior
Consultant in Medicine , Kumbakonam

A young adult male who experienced cardiac arrest
ECG findings :
I. QT and QTc intervals respectively : 0.32 and 0.32 ms both are equal and unchanged.
II. Tall / peaked T , best seen over precordial leads V1-V4.
Discussion :
1. Short QT syndrome (SQTS) is a very rare genetically determined heterogeneous
disease with inherent mutation defect producing a typical pattern on ECG.
2. Here QTc interval shorter than 0.36 and 0.37s in males and females respectively with
tall / peaked T wave is the diagnostic pointers of SQTS when supported by symptoms
or family history
The sketch to explain SQTS :
INa
(Nav1.5)

Ito ICa2+

IKr IKs
IKi

Fig. 1.6
This sketch demonstrates hypofunction of the calcium current and the hyperfunction of the
delayed rectifier potassium current.
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ECG No. 3 : Deceleration – dependent shortening of the QT interval

Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman
AIMS, Gaya

Middle-aged women presented with cardiac arrest, the ECG was taken after resuscitation.
Patient fainted while attending Marriage party. Temperature normal. Patient died in
emergency ward following second cardiac arrest
ECG findings :
I. Marked Sinus Bradycardia - heart rate being 26 bpm
II. Very short QT interval (0.10s) : merging of ST segment with QRS (ST segment not
discernible at all)
III. ST segment elevation over V2 , V3 ,V5,V6.
IV. T wave abnormality
Marked Bradycardia with so much shortening of QT interval as mentioned above with
accompanying T wave abnormality is indicative of ‘Deceleration – dependent shortening of
the QT interval’ (normally QT interval lengthens with bradycardia – here just the reverse ,
there is a shortening of QT interval with Bradycardia).
Discussion
1. The proposed mechanism is the activation of the acetycholine-sensitive potassium
channel (IKACH) leading to deceleration - dependent shortening of the QT interval i.e.
Paradoxial QT interval shortening with marked Braycardia.
2. ST elevation as mentioned over V2 ,V3 ,V5 ,V6 might be indicative of acute episodes
of MI.
3. The activation of the IKACH - sensitive potassium channel due to heightened vagal
discharge to the heart is proposed as a possible mechanism resulting in slowing of the
heart rate and shortening of the QT interval both. This vagal stimulation might be the
result of myocardial infarction induced reflex cardioprotection. There seems to be a
possibility that myocardial infarction with heightened vagal stimulation might have
resulted in cardiac arrest.
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Concluding remark
Shortening of QT interval though rare but is encountered at times in clinical practice.
Keeping this in view it becomes essential to know about this subject so that every possible
effort may be extended to save the life of the patient.
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CONGENITAL SHORT QT SYNDROME :
ABBREVIATED REPOLARIZATION
 DR. D.P. KHAITAN
MD (MEDICINE), FCGP(IND), FIAMS(MEDICINE), FICP FICCMD
Mutational alteration to a gene may be linked to ‘Abbreviated repolarisation’ with the loss of
electrophysiological wisdom. Protective guarding is shadowed leaving behind the murmuring
of nothing but nonsense.
O SQTS Thou are a young entity , the Seers of medical science are making their endless
efforts to witness thy outskirting from within – a searching mission with a spotlight of
knowledge to conquer the shadowy imprints so casted and tented.

Introduction
Short QTc syndrome (SQTS) is a very rare genetically determined heterogeneous disease
with inherent mutation defects producing an electrophysiological pattern –‘Abbreviated
repolarisation pattern’. It is a new entity , described in 2000 with the description of a handful
cases of SQTS as reported in the literature. The first report of short QT syndrome came in the
knowledge of the medical science with its publication in 2000, revealing a family with SQTS
on the 12-lead ECG which described atrial fibrillation occuring at a young age and also
revealed its association of sudden cardiac death with this syndrome even with an unrelated
patient. As the time progressed in the pages of the history such in 2003, there was found an
association between short QTs and sudden cardiac death. It was the year 2004 when the first
genetic association with this condition was uncovered. The criteria for diagnosing this
condition were proposed and laid down in 2011. Now the medical scientists are working on
the animal model with short QT to reveal its secrecy more in depth.
It has been recently reported that there exist genotype variants with mutation to K+ channel or
Ca2+ channel subunits , as simplified with the following sketch :

ICa2+

IKr
ICa2+
IKr
IKs

IKs

IKi

: Reduced influx of calcium during the plateau phase of the
action potential leading to shortening of the QT interval
Increased potassium efflux during various stages of the action
potential leading to more rapid atrial and ventricular repolarisation
with shortening of the QT interval and taller-narrower T wave

IKi
The potassium channels represent a family of the delayed rectifier potassium
channels (IK) , being active during repolarization are IKr, IKs, IKi. The first two
IKr (rapidly evolving current) and IKs (slowly evolving current) allow a sustained K+
efflux during repolarization (Phase 1-3). The inward rectifier current IKi pushes the
K ions inside the cardiac cell and hence the nomenclature.

Fig. 1.1

| 42

Electrophysiological basis
Further to explore, the following sketch might be more helpful to understand the nature of
this syndrome :

Phase 0

Phase 2

Phase 1

Extracellular
Na+
Intracellular

Phase 3

Phase 4
K+

Ca2+
K+

K+

1

K+

Na+

2
3

0

4
QRS
T

P
SQTS

SQTS genotypes, 1-3 : with increased potassium
efflux during various stages of the action potential
leading to more rapid ventricular repolarization with

marked shortening of the QT interval and taller narrower T wave
SQTS genotypes, 4 -6 : with reduced influx of
calcium during the plateau phase of the action
potential leading to modest shortening of the QT
interval

Fig. 1.2

This sketch demonstrates hypofunction of the calcium current and hyperfunction of the
delayed rectifier potassium current.
Several mutations have been characterized so far , all of which seems to be inherited as an
autosomal dominant.
It has long been detected that species of Kangaroo that are prone to sudden cardiac death
(SCD) exhibit abbreviated ventricular action potential and shortening of QT interval on the
ECG.
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SQTS

Channels

Action

Potassium Channels
SQTS1

KCNH2

Increase in IKr current

SQTS2

KCNQ1

Increase in IKs current

SQTS3

KCNJ2

Increase in the IK1 current

Calcium Channels
SQTS4

CACNA1C

SQTS5

CACNB2

SQTS6

CACNA2D1

Reduction in L Type Ca-Channel
current
Reduction in L Type Ca-Channel
current
Reduction in L Type Ca-Channel
current

Carnitine Deficiency
Altered regulation of the
potassium channel
Nowadays there is ongoing mutational defects being detected in SQTS. And therefore ,
recently more several genotypes SQTS have been described.

Phenotype presentation





Age : median age 30 years but ranges from a few months to the sixth decade of life.
Sex : Male sex is found to be associated with a higher penetrance in SQTS. Due to the
relative lack of large scale samples analysis there exists a limited interpretation of sex
in SQTS (low oestradiol levels among females and high testosterone level among
males have been associated with a higher incidence of SCD).
Symptoms : Palpitation , syncope , sudden cardiac death , family history of syncope.
Some observers have observed the following conclusions from their pooled analysis :
(i) The clinical profile with presenting symptoms among female population is
comparable to that of male , but marked predominance of syncope among males.
(ii) There is no significant differences in age distribution when patient presented
initially with SCD.

Changes over 12-lead ECG
The basic change is the shortening of QT interval due to abbreviated repolarization phase.
The salient features are described as below :
 A constant QT values and lack of adaptation to heart rate. ST segment is short or even
absent , with T initiating immediately after the S wave. T is usually taller and
narrower compared to normal population (Obviously seen mainly over precordial
leads).
 The immediate inscription of T wave irrespective of the heart rate is the main reason
of QTc being constant. At fast heart rates , the calculated QTc may appear normal
(‘Pseudo normal’ QTc). Even with a decrease in the heart rate, the QTc typically fails
to prolong.
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 Serial ECGs or Holter monitoring may be needed to capture short QT intervals during
periods of relative bradycardia (the preferred heart rate for the calculation is 60-80
bpm). This is to be mentioned here that Bazett’s formula overcorrects QT interval at
slow heart rate.
 Exercise testing may demonstrate lack of adaptation of QT interval , recorded with
different heart rates. A Holter strip is always useful to record the constancy of QTc at
different rates.





Males with QTc < 330 ms and females with QTc < 340 ms should be
taken as a diagnostic marker with SQTS even if the person concerned is
asymptomatic (these values are very rare in healthy population).
QTc interval shorter than 360 and 370 ms (males and females
respectively) are the diagnostic pointers of SQTS when supported by
symptoms or family history ( it is to mention here that overlap of these
QTc values with healthy population warrants the need of symptoms or
family history to be further added in this context).

 Symptomatic patients have been reported with shorter Jpoint-Tpeak<120 ms interval.
This finding is suggestive of augemented transmural dispersion of the ventricular
mass , as encountered with SQTS.
 Depression of the PQ segment due to a heterogenous abbreviation of atrial
repolarisation , most commonly observed in inferior and anterior leads.
 Often a prominent U wave can be observed , being separated by an isoelectric T-U
segment.
 These patients are prone to have episodes of tachyarrhythmias (atrial fibrillation ,
ventricular tachycardia and ventricular fibrillation).
 Now there is a growing evidence that some cases of SQTS may have an ‘overlap
syndrome’, associated concurrence with Brugada, Early Repolarization Syndrome or
even Sick Sinus Syndrome , as a combined phenotype partership.
In nutshell , the much shortening of the QTc – T wave appearing immediately after the QRS
complex is being reflected with the different accompanying changes on 12-lead surface ECG,
as mentioned above. Abbreviated repolarization phase accompanied by local dispersion
of repolarization is the main fact behind the story of ECG changes.

Mechanism of arrhythmogenesis in SQTS
The combination of shorter effective refractory period and transmural dispersion of
repolarization is the foundation stone for the tachyarrhythmias.
The mechanism , occurring as the dispersion of repolarization , is encountered because the
action potential shortening associated with this condition occurs to a greater extent in some
layers of the cardiac walls than in others. It thereby indicates that some layers of the cardiac
cycles are fully repolarized and so they are ready to contract and the reverse is also true to say
that other regions are only partially repolarized and so remaining within their refractory
period, unable to be re-excited. A triggering impulse in the presence of short effective
refractory period may be met with a critical point of the cardiac cycle where electrical
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impulse is being conducted in some regions but is blocked in others, potentially creating a
wavebreak with resultant reentrant arrhythmias.
The entire concept is summarized with the following table :

ARRHYTHMOGENESIS IN SQTS





Short atrial and ventricular effective refractive period (usually manifest
as a short QT interval on ECG)
Transmural dispersion of repolarization i.e. the different layers of
myocardium (endocardium, epicardium and myocardial cells) repolarize a
different rates
Impulse arrives at critical point in the cardiac cycle, and the resultant
electrical wave is conducted in some regions but blocked in others,
potentially resulting in wavebreaking with re-entrant tachyarrhythmias.

Fig. 1.3

Fig. 1.4

A diagnostic approach
With the foregoing discussion the following consideration should come in mind while
making a diagnosis of SQTS.
 Shorter QTc with accompanying tall and narrower T
 Jpoint-Tpeak interval / Tpeak-Tend intervals to access the ventricular dispersion
 Clinical history
o Sudden cardiac arrest
o Documented evidence of tachyarrhythmias (atrial fibrillation, ventricular
tachycardia or ventricular fibrillation) + syncope of unknown nature.
 Positive Family history in first or second degree relatives.
o Gollop-Redpath and Roberts in 2011 laid down the following diagnostic criteria
to diagnose SQTS. By their scoring system all score of 4 or more was considered to
indicate a high diagnostic probability of SQTS (please see on the next page).
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The Short QT Syndrome : Diagnostic Scoring Scheme
Points
QTc, ms
<370
<350
<330
Jpoint-Tpeak interval <120 ms
Clinical history
History of sudden cardiac arrest
Documented polymorphic VT or VF
Unexplained syncope
Atrial fibrillation
Family history
First- or second-degree relative with high-probability SQTS
First- or second-degree relative with autopsy-negative sudden cardiac death
Sudden infant death syndrome
Genotype
Genotype positive
Mutation of undetermined significance in a culprit gene

1
2
3
1
2
2
1
1
2
1
1
2
1

This scoring system is not having the universal acceptance
o According to the guidelines in effect HRS/EHRA/APHRS Expert Consensus 2013
1. SQTS is diagnosed in the presence of a QTc<330 ms.
2. SQTS can be diagnosed in the presence of a QTc<360 ms and one or more of the
following : a pathogenic mutation, family history of SQTS , family history of a
sudden deathat age <40, survival of a VT/VF episode in the absence of heart disease.

Lone-tachyarrhythmias
This is to be noted here that some people with short QT syndrome never experience any
major problem associated with this condition. Sometimes only one meets with episodes of
tachyarrhythmias and these may point towards the strong probability of SQTS.
o

Atrial fibrillation presenting in a new born child should raise the suspicion of short
QT syndrome. A useful analogy can be made here with familial atrial fibrillation in
another members of the family.
o Considering the high incidence of atrial fibrillation associated with these patients, it
should be kept in mind that ‘Lone-atrial fibrillation’ , specially in young individuals
might be in some cases associated with a short QT syndrome.
o The episodes of ventricular tachycardia on 12-lead surface ECG specially in younger
generation without the known exciting factors should also raise the suspicion of
SQTS.
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Illustration by ECG
Short QT syndrome

Source : Global Heart Rhythm Forum (15.05.2019) by Dr. R. Rajasekar , Eminent Diabetologist and Senior
Consultant in Medicine , Kumbakonam

A young adult male who experienced cardiac arrest
ECG findings :
III. QT and QTc intervals respectively : 0.32 and 0.32 ms both are equal and unchanged.
IV. Tall / peaked T , best seen over precordial leads V1-V4.
Discussion :
3. Short QT syndrome (SQTS) is a very rare genetically determined heterogeneous
disease with inherent mutation defect producing a typical pattern on ECG.
4. Here QTc interval shorter than 0.36 and 0.37s in males and females respectively with
tall / peaked T wave is the diagnostic pointers of SQTS when supported by symptoms
or family history
The sketch to explain SQTS :

1

2
3

0

4
QRS
T

P

Fig. 1.5

SQTS

This sketch demonstrates hypofunction of the calcium current and the hyperfunction of the
delayed rectifier potassium current.
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Concluding remark
The much rarity of this SQTS in general population warns the clinician to be familiar with its
nature if one encounters with this condition in clinical practice. A short QTc interval with
taller and narrower T wave immediately after the QRS complex should raise the strong
suspicion of this syndrome in the concerned patient. And a sincere try should be enforced in
action to confirm this , as discussed in the foregoing pages.
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