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Abstract: The evaluation of every electrocardiogram should also include an effort to interpret the QT interval to assess 
the risk of malignant arrhythmias and sudden death associated with an aberrant QT interval. The QT interval is measured 
from the beginning of the QRS complex to the end of the T-wave, and should be corrected for heart rate to enable com-
parison with reference values. However, the correct determination of the QT interval, and its value, appears to be a daunt-
ing task. Although computerized analysis and interpretation of the QT interval are widely available, these might well 
over- or underestimate the QT interval and may thus either result in unnecessary treatment or preclude appropriate meas-
ures to be taken. This is particularly evident with difficult T-wave morphologies and technically suboptimal ECGs. Simi-
larly, also accurate manual assessment of the QT interval appears to be difficult for many physicians worldwide. In this 
review we delineate the history of the measurement of the QT interval, its underlying pathophysiological mechanisms and 
the current standards of the measurement of the QT interval, we provide a glimpse into the future and we discuss several 
issues troubling accurate measurement of the QT interval. These issues include the lead choice, U-waves, determination of 
the end of the T-wave, different heart rate correction formulas, arrhythmias and the definition of normal and aberrant QT 
intervals. Furthermore, we provide recommendations that may serve as guidance to address these complexities and which 
support accurate assessment of the QT interval and its interpretation. 
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INTRODUCTION 

 The evaluation of every electrocardiogram should also 
include an effort to interpret the QT interval to assess the 
risk of malignant arrhythmias and sudden death associated 
with an aberrant QT interval. The QT interval is measured 
from the beginning of the QRS complex to the end of the T-
wave, and should be corrected for heart rate to enable com-
parison with reference values. However, the correct determi-
nation of the QT interval, and its value, appears to be a 
daunting task. Although computerized analysis and interpre-
tation of the QT interval are widely available, these might 
well over- or underestimate the QT interval and may thus 
either result in unnecessary treatment or preclude appropriate 
measures to be taken [1, 2]. Similarly, also accurate manual 
assessment of the QT interval, even of rather straightforward 
ECGs, appears to be difficult for many physicians world-
wide. In this review we delineate the history of the meas-
urement of the QT interval, its underlying pathophysiologi-
cal mechanisms and the current standards of the measure-
ment of the QT interval, we provide a glimpse into the future 
and we will discuss several issues troubling accurate meas-
urement of the QT interval. 

QT HISTORY 

 To acquire an impression of the value of an aberrant QT 
interval, we will first discus the earliest recognitions of the 
QT interval and the cognizance of its importance that devel-
oped through the years.  
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 The labeling of the human electrocardiographic wave-
forms was accomplished by Einthoven in 1895 [3]. At that 
time, he determined the P-wave, QRS-complex and the T-
wave. Several years later, in 1906, he also recognized a U-
wave in a single patient [4], which later was actually recog-
nized in most electrocardiograms by him and Lewis [5, 6].  
 Abnormal T-wave morphologies were considered patho-
logical, but the value of the QT interval was not much appre-
ciated at that time. In 1950, Wolff stated: “The Q-T interval 
is measured from the beginning of the QRS complex to the 
end of the T wave, but it is not often necessary to determine 
this value” [7]. In that time, a prolonged QT interval was 
predominantly recognized during the sequels of myocardial 
infarction.  
 However, it was only a few years later, in 1957, that 
Jervell and Lange-Nielsen described a family in which 4 out 
of the 6 children had a peculiar heart disease in combination 
with deafness [8]. No signs of structural heart disease could 
be found in these children, however, their electrocardiograms 
revealed prolongation of the QT interval in all examined 
cases. Moreover, these children suffered from fainting at-
tacks, and three of the children died suddenly at the age of 4, 
5 and 9 years. The oldest, a boy, was known with fainting 
attacks during effort and all medical examinations for these 
attacks were normal except for his prolonged QT interval. 
Jervell and Lange-Nielsen, noted that the QT lengthened 
even more after stair running, subcutaneous adrenaline and 
quinidine despite almost similar RR intervals as compared to 
a resting condition. In contrast, digitalis and atropine resulted 
in shortening of the QT interval. However, only one week 
after discharge, the boy suddenly died. Macroscopic and 
microscopic autopsy revealed normal cardiac anatomy and 
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no other diseases.  His sister, only 5 years old, died suddenly 
in the same year while picking berries. She was known with 
previous fainting attacks during swimming and running but 
was never medically examined. The last sister to die was 
only 4 years old. She had previous fainting attacks, but sud-
denly died when playing with her remaining sisters. A medi-
cal examination before her death was also normal, except for 
her prolonged QT interval on several occasions. Of interest, 
mechanical systole evaluated by phonocardiography, was not 
correspondingly lengthened in these patients [9].  
 In the years thereafter, many more families with frequent 
premature sudden death and prolonged QT intervals, more 
often without associated deafness, were recognized. For ex-
ample, it was only one year after the description of Jervell 
and Lange-Nielsen, in 1958, that a presumably healthy boy 
with a prolonged QT interval was uncovered (Fig. 1) who 
had a family history of sudden death and many years later 
appeared to have a type-3 Long QT syndrome. This boy 
even belongs to one of the largest and best characterized 
families worldwide [10].  
 In 1963, Romano, Gemme and Pongiglione described a 
3-month old child with normal hearing, a prolonged QT 
interval, frequent syncopes and ‘paroxysms’ of ventricular 
fibrillation during attacks. Two brothers of the child with 

identical clinical symptoms, had died at the age of 44 days 
and 4 months [11].  
 In the next year, 1964, Ward described a girl who at the 
age of 16 months already had frequent fainting attacks, 
especially during play [12]. After frequent examinations a 
psychological basis was suspected and she was finally re-
ferred to a children’s psychiatrist. However, at the age of 
6.5 years the psychiatrist referred her back for further 
medical examinations, as the symptoms did not impose 
entirely psychogenic. At that time an ECG revealed an ex-
tremely prolonged QT interval but no arrhythmias. In view 
of the objective observations of the parents, it was decided 
to let her run around the ward. The effect was dramatic; the 
child collapsed after 80 yards in ventricular fibrillation. 
Luckily, the child recovered and after many more attacks 
(most apparent during fever), treatment with pronethalol 
(one of the earliest non-selective beta-blockers but later 
abandoned due to serious side effects in mice) resulted in 
suppression of the attacks. Her brother, who also had a pro-
longed QT interval and frequent syncopes, was also treated 
with pronethalol, but later switched to propranolol. How-
ever, he remained to have frequent attacks. This notwith-
standing, after his propranolol was withheld for one day he 
had a last severe attack and died. 

 

Fig. (1). ECGs during 50 years of follow-up of the first family member identified from a large family with the SCN5A 1795insD mutation. 
Leads II, V1 and V4 are shown with standard calibration. Note the severe repolarization abnormalities indicative of long-QT syndrome type-
3 already apparent on the first ECG (A). During those 50 years, the PQ and QRS interval clearly prolong, indicative of progressive cardiac 
conduction defects in both atria and ventricles (B and C) as has uniquely been associated with the SCN5A 1795insD mutation. Figure repro-
duced from Postema et al. with permission [10].  
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 It lasted several decennia until the genetic underpinning 
of the Jervell-Lange-Nielsen syndrome (Long QT syndrome 
with deafness) and Romano-Ward syndrome (Long QT syn-
drome without deafness) was finally uncovered [13, 14]. At 
present, we are familiar with potentially disease causing se-
quence variations in 13 genes and a similar number of  
(sub-)types of Long QT syndrome. Moreover, it was not 
until 2000 before the first descriptions of the mirror image 
syndrome emerged; Short QT syndrome [15]. Also this en-
tity is related to familial sudden death due to ventricular fib-
rillation and at present 3 genetic types are known [16-19].  
 Currently, cognizant of the possible dramatic effects of a 
prolonged QT interval the FDA even recommends to test all 
new drugs for their ability to prolong the QT interval [20].  

QT AND CARDIAC REPOLARIZATION 

 After this summary of the history of the QT interval and 
its directly associated pathology, we will now discuss its 
underlying pathophysiological mechanisms. The QT interval 
is a measure of the combination of cardiac depolarization 

and repolarization as it encompasses both the QRS complex 
and the J-T interval. Likewise, also ventricular conduction 
delay is often associated with (a lesser degree of) lengthen-
ing of the QT-interval. Cardiac depolarization is dependent 
of fast inward sodium current (INa) through the cardiac so-
dium channels of which the α-subunit is encoded by the 
SCN5A gene (Fig. 2). Cardiac repolarization is determined 
by the interplay between (and among others) persisting in-
ward sodium current (INa), slow inward calcium current (ICa-

L) and outward potassium currents (Ito, IKr, IKs, IK1). CACNA1c 
encodes the α-subunit of the calcium channel, while the four 
different potassium channel α -subunits are encoded by the 
KCND3, KCNH2, KCNQ1 and KCNJ2 gene respectively.  
 When these channels are subject to a gain-of-function or 
a loss-of-function (e.g. due to drugs, mutations or a change 
in electrolyte levels), this will be mirrored in current density, 
subsequent modulation of the cardiac action potential and 
finally in changes in the duration of the QRS complex and/or 
the QT-interval. For example, a loss-of-function mutation in 
the KCNH2 gene will result in less repolarizing IKr and sub-
sequent delay of repolarization and will thus result in a 

 
Fig. (2). Schematic representation of the ionic currents contributing to the action potential; A. the electrocardiogram (ECG) and the P-QRS-T 
segments in time aligned with B; B. the ventricular action potential and the ionic currents originating from C; C. the cardiomyocyte display-
ing only those cardiac ion currents as mentioned in the text.  

mV
0

INa

Ito ICa-L

IKr

IKs

IK1

INa

Na+

K+

K+

K+

IKr

IKs

IK1

Ca++

ICa-L

Sarcoplasmatic 
reticulum

Ca++

Ca++

Ca++

Myofilaments

msec

-90

P

Q

R

S

T

A

B

C

U

K+

Ito



290     Current Cardiology Reviews, 2014, Vol. 10, No. 3 Postema and Wilde 

longer action potential and a prolonged QT interval. Impor-
tantly, one should realize that there are also β-subunits that 
modulate these ion channels and that calcium influx through 
calcium channels play a critical role in triggering calcium 
release from the sarcoplasmatic reticulum followed by con-
traction. It should also be noted that there remains to be a 
controversy on the exact mechanism by which cardiac repo-
larization occurs at the level of the whole heart and how the 
T-wave is finally inscribed on the ECG [21-24].  

QT PROBLEMS  

 There are already several excellent reviews on the meas-
urement of the QT interval and its associated problems. For 
example, Lepeschkin and Surawicz already covered these 
items in 1952 [25], and Garson in 1993 [26]. In this section 
we will provide an up-to-date summary of the papers of 
these and other authors. It should be noted that we here dis-
cuss the bedside measurement of the QT interval from a 
standard 12-lead ECG of 10 seconds. There are also more 
sophisticated techniques that we will discuss later. The QT 
interval should be measured from the beginning of the QRS 
complex to the end of the T-wave. Please note that Garson 
already commented that ‘this seemingly innocuous definition 
is fraught with problems’.  

QT Problem 1: Which Lead? 

 The QT interval is different in different leads (as all ECG 
parameters are). This is caused by the varying projections on 
different lead vector axes. Historically, measurement of P-
QRS-T intervals are preferably performed in lead II. Lewis 
already measured PR intervals in lead II in 1912, as did 
Bazett for QT intervals in 1920 [6-27]. This custom has been 
continued through the years, until now [28, 29]. There are 
several reasons for this custom; first, in the earliest years of 
the ECG there were no precordial leads and lead choice was 
thus confined to the limb leads. Furthermore, the vector axis 
of the P, QRS and TU-wave is predominantly directed in-
fero-lateral and thus in the direction of lead II. This often 
results in easily recognizable P, QRS, T and U-waves in lead 
II, which promotes their measurement. As a consequence, 
the reference values are also determined for lead II [28]. Fur-
thermore, the QT interval was found to be longest in lead II 
in most children with Long QT syndrome [30]. Sometimes, 
the T-wave will not be easily measured in lead II, and alter-
natively lead V5, V6 or I can be used.  

QT Problem 2: What About U? 

 The QT interval implies that the U-wave should not be 
included in the measurement, as one would then need to de-
termine the QU interval. However, it is clear that cardiac 
repolarization is only finished after the end of the U-wave 
(Fig. 2). But as the U-wave is often suppressed by standard 
ECG filtering or suppressed by the P-wave at faster heart 
rates, it is often not well recognized on a standard 10 second 
ECG. Therefore it is common practice to measure the QT 
interval instead of the QU interval as a measure of the dura-
tion of cardiac repolarization. In fact, there are also no ac-
cepted reference values for the QU interval and often dedi-
cated electrocardiographic techniques are needed before one 
can really focus on the U-wave [31]. In some pathologies, 

e.g. Andersen-Tawil syndrome (denoted by a loss-of-
function of the KCNJ2 gene and resulting in less late rectify-
ing IK1 current), the U-wave will increase significantly [31, 
32]. When the U-wave is meticulously studied, it has a dura-
tion of 200 to 350ms and inclusion in the QT interval would 
thus result in extreme and erroneous QT values [31]. Still, 
when it is accepted that the TU-wave is the reflection of a 
continuous process of repolarization, it is no surprise that 
defining the true end of the T-wave is complicated.  

QT Problem 3: Where Does QT end? 

 The discrimination between the T-wave and U-wave can 
indeed be extremely difficult, especially in the presence of 
abnormal TU morphologies. But also on ECGs with normal 
TU morphologies this seems to be a daunting task. In 2005 
Viskin and colleagues performed a study among 877 physi-
cians worldwide and asked them to determine the QT inter-
val on 4 rather straightforward ECGs (i.e. with concordant 
T-waves of sufficient amplitude during regular sinus rhythm) 
and to classify these QT intervals as either normal or pro-
longed. Their answers were compared to a gold standard as 
set by 25 world-renowned QT experts [33]. It appeared that 
less than 25% of the 771 cardiologists and non-cardiologists 
in this study correctly classified all 4 QT intervals as being 
either normal or prolonged. The authors thus concluded that 
‘the majority of physicians cannot recognize a long QT when 
they see one’ [33]. Probably there are three main issues why 
these physicians erred; 1) the definition of the end of the T-
wave, 2) the correction for heart rate and 3) cut-off values.  
 In 2008 we performed a proof-of-principle study with the 
aim to show that a simple guideline on how to measure the 
QT interval helps in this respect [34]. Lepeschkin and 
Surawicz already advocated the first step in this guideline in 
1952, i.e. the definition of the end of the T-wave, also known 
as the tangent method. They used a tangent drawn to the 
steepest last limb of the presumed T-wave to define the end 
of the T-wave as the intersection of this tangent with the 
baseline (i.e. the U-P segment) [25]. Some authors, including 
us, use this method on a day-to-day basis on normal and ab-
normal TU morphologies (Fig. 3). Second, and important, 
the acquired QT interval should be corrected for heart rate, 
i.e. the QTc interval, to enable comparison with reference 
levels (see also next paragraph). In our proof-of-principle 
study, we learned medical students how to discriminate nor-
mal and abnormal QT intervals with this method in conjunc-
tion with Bazett’s correction formula (QTc = QT / RR1/2 
[sec]) and a simple cut off value of 450 ms, on the same 
ECGs as used by Viskin and colleagues, and they performed 
extremely well [34]. In contrast, other authors including 
world-renowned QT experts have advocated the use of the 
TU nadir (i.e. the point between the T and U wave which is 
closest to the baseline) to determine the end of the T-wave 
[35]. This seems to result in slightly longer QT intervals 
[36], but further studies are underway. 
 It should be noted again that the determination of the true 
end of the T-wave is difficult, if not impossible. In the 
Viskin study the QTc range between world-renowned QT 
experts was already 34 to 80ms. Ideally, measurements are 
performed on-screen on digitalized ECGs and the average 
QT of 3 or more beats are determined during stable sinus 
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rhythm to decrease measurement variation. Future studies 
will shed a light on the differences that are introduced by 
using different guidelines to measure the QT. Notably, when 
the T-wave is notched or bifid, and the U-wave not easily 
recognized, it will become even more complicated to define 
the end of T. In practice, one should aim at the largest wave in 
the TU-complex and measure the end of that wave (Fig. 3).  

QT Problem 4: Correction for Heart Rate 

 Normal cardiac repolarization adapts to heart rate. This 
critical feature ensures that with increasing heart rate, the 
myocardium remains constantly excitable, i.e. completely 
repolarized, before the next depolarization wave enters. This 
prevents incomplete repolarization and the subsequent possi-
bility for re-entrant tachycardia. In Long QT syndrome, and 
especially in IKs related Long QT syndrome (type 1), cardiac 
adaptation to changes in heart rate is disrupted, which pro-
motes arrhythmias. However, QT correction for heart rate is 
imperfect and full of controversies.  
 One of the earliest efforts to acquire a standardized heart 
rate correction formula was made by Bazett in 1920 (QTc = 
QT / RR1/2 [sec], where RR is determined in the preceding 
RR interval) [27]. His method has been used ever since [12, 
34, 35]. This exponential method enabled the comparison of 
QT intervals at different heart rates. However, it works best 
between 60 and 100 beats per minute, while it may give er-
roneous results at both slower (overcorrection) and faster 
heart rates (undercorrection) [37]. The Fridericia exponential 
correction (QTc = QT / RR1/3 [sec]) [38] has also been de-
veloped in 1920 and has the same limitations at slow heart 
rates, but is considered to be more accurate than Bazett’s 
correction at faster heart rates. Another rather often used 
correction method is the linear Framingham method (QTc = 
QT + 0.154(1-RR), which results in more uniform rate cor-

rection over a wider range of heart rates. There are many 
more rate correction methods available, all with different 
shortcomings [35, 39]. A recent study by Barsheshet and 
colleagues from many different centers worldwide even sug-
gested that QT correction in Long QT syndrome patients 
should be genotype specific to result in optimal risk stratifi-
cation[40]. Still, Bazett’s correction is most commonly used.  

QT Problem 5: Arrhythmias 

 The QT interval is preferably measured during stable 
sinus rhythm and then even preferably determined from the 
average of 3 consecutive beats. However, in some occasions 
we are challenged with overt sinus arrhythmia, extra systoles 
or even atrial fibrillation. Extra systoles and the beat directly 
following an extra systole should not be included in the 
measurement of the QT interval but do provide a lot of in-
formation; those patients with decreased repolarization re-
serve will show aberrant QT intervals or even giant T-U 
waves after the sudden change in heart rate initiated by the 
extra systole.41 In sinus arrhythmia, especially apparent in 
(young) children, the varying RR intervals result in so much 
variation in the QTc interval that the probability for an erro-
neous diagnosis of a prolonged QT is increased. Subse-
quently, too many children may end up with a diagnosis of a 
prolonged QT interval. The same probably holds for atrial 
fibrillation in which the shortest RR intervals probably result 
in prolonged QTc values. Therefore, the QTc is preferably 
determined during stable sinus rhythm, while QTc values 
derived from ECGs with arrhythmias should be interpreted 
with caution. 

QT Problem 6: Normal, too long or too short? 

 So what actually is a normal QT interval? Viskin wrote 
an excellent review on this topic in 2009 [42]. One should 

 
Fig. (3). Schematic illustration of the use of the tangent method to define the end of the T-wave in normal and abnormal TU morphologies, 
which then promotes the determination of the QTc interval. 
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realize that there is no single cut off value that distinguishes 
all Long or Short QT syndrome patients from healthy con-
trols; there will always be overlap. This is caused by the fact 
that there are many QT syndrome patients with in fact a 
normal QT interval. These patients are carriers of a patho-
genic mutation in one of the QT genes, but they apparently 
have modifier genes that in the end result in a normal QT 
interval [43]. However, this does not mean that they may not 
have a slightly increased risk for arrhythmias or even death 
[44], or will respond with critical QT lengthening upon QT 
prolonging drugs. Furthermore, they may have severely af-
fected children or siblings. In patients suspected of Long QT 
syndrome in family screening, a cut off value of 430ms 
seems to discriminate best between those with and without 
Long QT syndrome [45].  
 When one would determine the upper and lower 2.5 per-
centile of the QT interval in the population as either being 
too long or too short, the available population studies suggest 
that normal QTc values for males are between 350 and 450 
ms and for females between 360 and 460 ms.42 Still, espe-
cially those patients with extremely short or prolonged QT 
intervals will be at highest risk for arrhythmias. A QTc cut 
off value of 500 ms in congenital Long QT syndrome pa-
tients at which the risk for arrhythmias is significantly in-
creased, has been suggested by Priori and colleagues [46, 
47]. It seems reasonable to also use this threshold for pa-
tients with acquired Long QT syndrome. For Short QT syn-
drome this value would be around 330 ms.  

QT MEASUREMENT TIPS AND TRICKS 

 So we have discussed several problems with the meas-
urement of the QT interval, now how to proceed? The first 
recommendation in the case of a possible aberrant QT in-
terval is to repeat the ECG. Especially in the presence of 
difficult TU morphologies this may be very worthwhile. 
We are accustomed to the use of the tangent method in lead 
II, in combination with Bazett’s formula and a QTc cut off 
value of 450 ms (Fig. 3) [34]. In acquired prolonged QT 
(e.g. in the case of severe hypokalemia) we use a QTc cut 
off value of 500 ms to identify those patients at highest risk 
for events.  
 There are several additional techniques to uncover de-
creased safety of repolarization, i.e. loss of repolarization 
reserve. These methods are aimed at introducing an in-
crease and decrease in heart rate to be able to study QT 
adaptation and potentially loss of repolarization reserve. An 
elegant test is to start with a supine ECG and then let the 
patient stand up briskly. The brief tachycardia associated 
with brisk standing will uncover the patients with insuffi-
cient QT adaptation abilities [48, 49]. Both the QTc at 
maximal tachycardia (QT stretching) and the QTc after the 
heart rate has returned to baseline conditions (QT stunning) 
are of value. It should be noted that also controls will show 
QTc prolongation during these tests, so cut off values need 
to be increased. For QT stretching a QTc cut off value of 
490 ms yielded a sensitivity of 89% and a sensitivity of 
87% for a Long QT diagnosis, knowing that patients with 
obviously prolonged supine QT intervals (i.e. >480ms for 
females, 470ms for males) were already excluded [49]. 
Children, however, were not well represented in these stud-

ies, which currently precludes the wide use of these cut off 
values in the pediatric population. 
 Another often-used technique is an exercise test. Espe-
cially the QTc at 4 minutes after maximal exercise discrimi-
nates between patients with Long QT syndrome and control 
patients [50]. In those patients who did not have an obvi-
ously prolonged QTc interval at baseline (i.e. >480ms for 
females, 470ms for males), a 4-minute recovery QTc ≥ 445 
ms yielded in a sensitivity of 94% and a specificity of 90%. 
Again, it should be noted that these values should be used 
with caution in a pediatric population [51]. Furthermore, 
both the brisk standing test as the exercise test, have not been 
meticulously studied in an unselected population suspected 
of Long QT syndrome. This precludes the solitary use of 
these tests at present. 
 And finally, when still in doubt, we certainly advice to 
discuss the case with a QT specialist. This is especially of 
importance when invasive therapeutic measurers are consid-
ered such as implantation of an ICD. Although beyond the 
scope of this paper, it should be noted that these patients, 
who are often young, can not be compared to the common 
ICD population with decreased left ventricular ejection frac-
tion. These patients have an active life style with associated 
tachycardia and frequent maximal arm movements, which 
may complicate ICD therapy. Furthermore, there will be a 
lot of device replacements. Clearly, over-implantation of 
ICD’s has occurred for many years in asymptomatic Long 
QT syndrome patients [52]. Also the decision for 1-lead, 2-
lead or subcutaneous ICD systems is critical and should be 
taken by an experienced team. This notwithstanding, the 
advice to avoid certain drugs with the ability to prolong the 
QT interval and result in arrhythmias, is of paramount im-
portance and should be given to all Long QT patients [53].  

QT FUTURE 

 There are many techniques already available to study QT 
adaptation in detail. However, these techniques are not yet 
ready for bedside use but some might be in the future. A lot 
of focus has been given to the value of variability of the QT 
interval that will be abnormal in patients with decreased re-
polarization reserve such as Long QT syndrome patients. As 
such, many different parameters have emerged to describe 
this variability. As variability in the QT interval is clearly a 
less static parameter than the measurement of a single QT of 
one beat during a supine ECG, it is hoped that this will pro-
vide a better measure to perform risk stratification and to 
monitor treatment effects. We here discuss only several of 
the many indices of QT variability. 
 For example, one of the earlier QT variability parameters 
is the ‘QT variability index’ (QTVI) that has been used to 
quantify the ratio between the variability in the QT interval 
and variability in heart rate. The equation QTVI = 
log10[(QTV/ QTM2) / (HRV / HRM2)] is derived from the 
variance in QT (QTV) in a certain time frame, normalized by 
its respective mean square (QTM2), as a quotient of heart 
rate variability with the variance in heart rate (HRV) also 
normalized by its respective mean square (HRM2). As this 
quotient is not normally distributed, the logarithm is taken to 
provide a normally distributed index [54, 55]. Only few stud-
ies have actually found QTVI to be discriminative between 
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Long QT syndrome patients and controls [55, 56]. As such, 
it has not attracted a lot of support yet in the search for dis-
criminative QT indices in Long QT syndrome. This might be 
due to several limitations with this method, as for example 
described by Malik [57]. 
 A related method to study QT variability is ‘short term 
QT variability’ (STVQT). In this method, beat-to-beat QT 
intervals are studied with the assumption that large between 
beat QT differences are more important (i.e. more arrhyth-
mogenic) than a gradual increase or decrease in QT over 
several beats. Although the number of beats included is vari-
able, an average of 30 beats is most common. The equation 
STVQT = Σ|QTn+1-QTn|/(30 x √2) is derived from consecu-
tive QT intervals (n and n+1) where STVQT is defined as 
the mean dispersion of these QT intervals perpendicular to 
the line-of-identity in a Poincaré plot [58]. The value of this 
parameter has only been studied by a few centers but seemed 
to be better suited to predict cardiac events in Long QT pa-
tients than a baseline QTc and to be better suited to predict 
Long QT mutation carriership [59, 60]. Again, also this 
method has drawbacks that should be acknowledged, and 
more studies are still underway. 
 A totally different method to study QT variability has 
recently been put forward by Mathias and colleagues [61]. In 
their study the standard deviation of QT among carriers of 
the same mutation was taken as a measure to study the risk 
of cardiac events. It appeared that in patients with type-1 
Long QT syndrome (based on a mutation in the KCNQ1 
gene), every 20 ms increase in QTcSD (i.e. the QT standard 
deviation between carriers of the same KCNQ1 gene muta-
tion) resulted in a 33% increased risk for cardiac events after 
adjustment for the patient specific QTc. Although not an 
easy concept (the larger the variation between family mem-
bers, the larger the risk for events), this parameter certainly 
awaits further study. 

QT CONCLUSION  

 Although it is clear that an aberrant QT interval poses 
patients at risk for malignant arrhythmias and sudden death, 
the correct measurement and interpretation of the QT inter-
val is not at all an easy task. We have discussed the history 
of the measurement of the QT interval, its current problems, 
and we have attempted to provide useful guidance on how to 
approach the measurement of the QT interval. 
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