IJC Heart & Vasculature 30 (2020) 100636

Contents lists available at ScienceDirect

CARDIOLOGY
HEART &
VASCULATURE

I[JC Heart & Vasculature

journal homepage: www.journals.elsevier.com/ijc-heart-and-vasculature —

QTc evaluation in patients with bundle branch block R

Check for
updates

Harilaos Bogossian ”*, Dominik Linz €, Jordi Heijman ¢, Nana-Yaw Bimpong-Buta?,
Dirk Bandorski ¢, Gerrit Frommeyer ¢, Damir Erkapic, Melchior Seyfarth %, Markus Zarse °, Harry J. Crijns ©

2 Department of Cardiology and Rhythmology, Ev. Krankenhaus Hagen, Hagen, Germany

b Department of Cardiology, University Witten/Herdecke, Witten, Germany

¢ Department of Cardiology, Maastricht University Medical Center (MUMC+) and Cardiovascular Research Institute Maastricht (CARIM), Maastricht, the Netherlands
d Faculty of Medicine, Semmelweis University Campus Hamburg, Hamburg, Germany

¢ Division of Electrophysiology, Department of Cardiovascular Medicine, University of Miinster, Miinster, Germany

f Diakonie Klinikum Siegen, Department of Cardiology and Electrophysiology, Siegen, Germany

¢ Department of Cardiology, Helios Klinikum Wuppertal, Germany

ARTICLE INFO ABSTRACT
Article history: Proper measurement of the QT interval on the 12-lead body-surface ECG is challenging in daily practice.
Received 17 August 2020 Even more difficult is its correct estimation in the presence of repolarization abnormalities, arrhythmias

Accepted 7 September 2020 or bundle-branch blocks (BBB). The QT interval results from two parts of the ECG: (1) the QRS complex,

describing the excitation of the ventricles and (2) the JT interval, describing the repolarisation of the ven-
tricles. Prolongation of the QRS width - like in the presence of BBB - entails prolongation of the QT inter-
Kkeywords: val, making the estimation of the true repolarisation time challenging. The US recommendations for the
QT formula standardization and interpretation of the ECG suggest focusing on the JT interval in presence of BBB.

Left bundle branch block

Right bundle branch block
QT interval
JT interval

However, in clinical practice physicians have become more familiar with the interpretation of QT-
interval measurements than with the interpretation of the JT Interval.
In the last decade, a simple formula for the estimation of the “modified QT interval” in the presence of

Long QT left or right BBB has been developed and evaluated. In this formula, the modified QT interval is calculated
by subtracting 50% of the length of the BBB-QRS from the measured QT interval (QT,, = QTggg — 50%
QRSggg). Subsequently, rate-correction formula should be applied as usual. In this review, we discuss
the determination of the QT-interval in the presence of BBB and summarize the origin and application

of the modified QT-interval formula.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

From 2007 to 2009, the American Heart Association (AHA), the
American College of Cardiology Foundation (ACCF) and the Heart
Rhythm Society (HRS) published a series of recommendations for
the standardization and interpretation of the ECG [1-5]. The fourth
section of this series deals with the ST segment, the T wave, the U
wave and the QT interval [1]. The QT interval describes the depo-
larization and repolarization of the ventricles (normal values in
women <460 ms, in men <450 ms) [1]. QT-interval prolongation
can result from alterations in both components: Depolarization
disorders lead to the broadening of the QRS complex, whereas
repolarization disorders lead to the prolongation of the JT time.
The importance of QT prolongation due to repolarization disorders
has been shown in several large studies [6,7].

2. Arrhythmogenic risk in the setting of QT-interval
prolongation

During the last two decades different mechanisms of arrhyth-
mogenesis have been investigated. In the setting of prolonged
repolarization inheritable arrhythmogenic disorders due to gene
mutations were identified as an important cause of arrhythmoge-
nesis. In these disorders, loss-of-function mutations in repolarizing
K" channels, e.g., long-QT syndrome type 2 (LQT2) due to the rapid
delayed rectifier (IKr) channel malfunction, or gain-of-function
mutations in depolarizing sodium (Na*) or calcium (Ca?*) channels
lead to excessive repolarization prolongation. This repolarization
prolongation can result in triggered activity by promoting the gen-
esis of early afterdepolarizations and is often spatially heteroge-
neous, providing a substrate for conduction block and reentrant
arrhythmias. Various cardiovascular and non-cardiovascular drugs
can also cause relevant QT prolongation, also [8]. This increase in
QT time, in turn, is associated with an increased risk of arrhythmia.
In this context, Torsade de pointes tachycardia in particular can
occur, particularly in the presence of additional risk factors such
as bradycardia or hypokalemia [9].

Although many alternative measures have been suggested (e.g.,
T-peak-Tend; T-wave right slope; beat-to-beat variability of QT
intervals) and the correlation between QT-interval and arrhythmo-
genesis is imperfect, the QT interval remains the most commonly
used indicator of arrhythmogenic risk [10].

Besides the arrhythmogenic aspects, QT interval serves also as a
predictor for cardiovascular events. In the multi-ethnic study of
Atherosclerosis (MESA-Study), Beinart et al. analyzed the prognos-
tic association between the baseline QT interval and the incidence
of cardiovascular events in participants without known cardiac
diseases. An increase in the baseline QT interval (for every
10 ms) was associated with increased incidence for heart failure,
cardiovascular disease events and stroke [11]. Compared to
patients with QT intervals below 500 ms, patients with QT inter-
vals above 500 ms are exposed to a higher short-term mortality
risk, independent from the underlying comorbidities, [12]. Addi-
tionally, QT-prolongation has been described as a prognostic
parameter in Non-ST-Elevation Myocardial Infarction (NSTEMI)
patients. Rajvanshi et al. defined the corrected QT Interval above
468 ms as a cut-off value to predict poor prognosis for the occur-
rence of major adverse cardiac events (MACE) with a sensitivity
of 72% and a specificity of 61% [13].

3. Assessing QT-interval in the presence of bundle-branch block

Widening of the QRS complex - in the setting of left bundle-
branch block (LBBB) or right bundle-branch block (RBBB) - leads
to QT-interval prolongation without significant alterations to the
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repolarization duration [14]. Therefore, the AHA | ACCF | HRS rec-
ommendations for standardized ECG interpretation recommend
the use of the JT time to assess the repolarization. However, in
daily clinical practice, the measurement of the JT time is not yet
common. Moreover, tables for rate adjustment of the JT interval
are lacking. However, given the strong dependence of repolariza-
tion duration on heart rates, an adequate rate correction seems
essential for correct interpretation of potential pathological alter-
ations, especially in the presence of right or left BBB [1].

A bundle brunch block is commonly associated with extended
prolonged QTc interval. However, in this setting, the QT interval,
which is easily overestimated, is the result of a prolongation of
depolarisation and not primarily caused by repolarisation. Inter-
pretation in chronic LBBB with consecutive electrical remodelling
is more challenging: unloading of LV areas results in shortening
of repolarisation, whilst increased loading in late activated regions
may cause lengthening of repolarisation due to downregulation of
the slow delayed rectifier channel (IKs).

Besides the suggestion to evaluate the JT interval in patients
with LBBB as an alternative risk-stratification method in the pres-
ence of LBBB [1], several formulas were developed the last years for
avertable estimation of the QT interval [14-20] (Table 1). A differ-
ent approach in pacemaker recipients is the subtraction of 50 ms of
the QTc pgp as a rule of thumb. However this application may lead
to a relevant overestimation of up to 80 ms [21].

For easier QT time assessment in the presence of BBB, recent
studies have proposed a formula that corrects for prolongations
of QT intervals due to QRS widening (due to pacing, LBBB or RBBB)
(Figs. 1 and 2) [16].

3.1. Development of different formulas for modified QT estimation in
the presence of LBBB

The correct judgment of the QT interval in the presence of LBBB
was focus of several research activities in the past. In 1973, Tablot
et al. suggested subtraction of a fixed time interval: QT minus
60 ms in LBBB and minus 30 ms in RBBB or QTc minus 70 ms
and minus 40 ms, respectively. As the QRS duration in patients
with a BBB varies from 120 ms to more than 200 ms, this formula
runs the risk to overestimate or underestimate the modified QT
interval in accordance to the QRS width. A more precise formula
was developed and described by Rautaharju et al. and covers all
kinds of ventricular conduction defects (LBBB, RBBB and intraven-
tricular delay) and the complete heart-rate spectrum (Table 1).
However, the complexity of the formula, does not offer a good
solution for daily clinical practice. In 2014, a further formula was
developed for estimation of the QT interval in presence of LBBB
[16] (Fig. 2). In a proof-of-concept study, the alterations of the
QRS complex and QT intervals were analyzed during right ventric-
ular (RV) pacing in patients with inherent normal - not widened -
QRS complex, who presented for an electrophysiological study and
ablation. Thus, the documented LBBB in these patients was due to
RV pacing, providing an opportunity to compare QT times and JT
times in the presence or absence of simulated LBBB. The results
of these comparisons were subsequently translated into a formula
for the modified QT interval (QT,,). This formula suggested sub-
tracting a particular QRS amount from the measured QT interval
(in detail: QT = QT gpp — 48.5% of QRS ggg). Subsequently, this for-
mula was simplified for easier applicability in daily practice (to:
QT = QTise- 50% of QRS pp) [16].

In a second step, the formula was analyzed in patients with
intrinsic LBBB by comparing ECGs of patients presenting with both
a narrow QRS complex and an LBBB [22]. For this purpose, two
patient collectives were examined. First, patients with inherent
intermittent LBBB and second, patients with peri- or post-
procedural LBBB after a trans-venous percutaneous aortic valve
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Table 1
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Overview of the different QT-Formulas. *applicability of this formula in RBBB was shown in a following publication [26].**further assessment performed in four following

publications [22,23,25,26]. ***further assessment performed in the same publication [20].

Year  Author Journal fixed Formula additional Applicable in primary further
HR- LBBB and assessment assessment
correction RBBB patients [n] patients [n]
1973 Talbot S. BH] LBBB: QTm = QT — 60 ms; QTmc = QT — 70 ms; Yes/No No 95 -
1973 Talbot S. BH]J RBBB: QTm = QT — 30 ms; QTmc = QT — 40 ms Yes/No No 93 -
2004 Rautaharju Am ] Cardiol QTgrrqrs = QT — 155 x (60/heart No Yes 1251 -
PM. et al. rate — 1) — 0.93 X (QRS — 139) + k; [k = =22 ms for men
and — 34 ms for women]
2014 Bogossian Heart QTm = QT — 48.5%QRS; simplified: QTm = QT — 50% QRS  Yes Yes* 60 480**
H. et al. Rhythm
2016 Tabatabaei Res QTmc= (0.786 x QT) + (0.305 x CL) — 188.733 No No 101 -
P. et al. Cardiovasc
Med
2017 Wang B. JCE QTm = QT - (0.86 x QRS - 71) Yes No 62 -
et al.
2018 Yankelson J of male: QTmc = QTc-QRS + 95 ms; female: QTmc = QTc- No No 48 -
L. et al. Electrocardiol QRS + 88 ms
2019 Tang JKK. Canad ] QTmc = 0.945 x QTc(RBK) — 26 No No 17 2610***
Et al. Cardiol

FIRST DESCRIBED FORMULA FOR LBBB: QT =QT ggg—48.5%*QRS gzs

[SIMPLIFIEDFORMULA FORBBB: QTm=QTBBB-50%*QRsBBB]

QT = estimated QT interval after application of the Formula
QT ggg  =measured QT interval in presence of LBBB

QRS;gsg = measured QRS interval in presence of LBBB

QTggs =measured QT interval in presence of any BBB

QRSggg  =measured QRS interval in presence of any BBB

Fig. 1. Formula for easy correction of QT interval in presence of LBBB and the
simplified formula for BBB.

Formula for ,,QTm* estimation in LBBB:

QTm =QTb - X*(QRSb)/

{(®)=10T:QRsb ~48,5%

vV T \

I
;\ Intrinsic

\ RV pace/
\ LBBB

QTm = QTb - 48,5%*(QRSb)
or:
QTm = JTb + 51,5%"(QRSb)

QRSb => QRS duration in LBBB
QTb => QT duration in LBBB
=> QT duration in intrinsic narrow QRS
QTm  => modified QT* (estimated QT by using the Formula)
AQT  => QTb minus QTi

Fig. 2. Figure from the first Publication in patients with artificial LBBB. (Reprinted
from Publication: New formula for evaluation of the QT interval in patients with left
bundle branch block. Heart Rhythm, 2014. 11(12): p. 2273-2277; Bogossian, H.,
et al., with permission from Elsevier.)

implantation (TAVI) [22]. These patients served as their own con-
trol groups, since they had both ECGs with a narrow QRS and ECGs
with LBBB. In both groups (15 patients each), the acquired mean
native QTc intervals and those calculated by the formula during
LBBB were not significantly different.

Another patient population with intermittent artificial LBBB are
patients with implanted pacemakers. A further step in the analysis
of the formula was therefore to check the applicability of the for-
mula in these patients [23]. In total, 163 patients with a cardiac
one- or two-chamber pacemaker were included in this prospective,
multicentre observational study. Although there was a slight sys-
tematic overestimation of the true QT interval by the BBB correc-
tion formula, the overall agreement was high [23]. Subsequently,
several additional formulas followed and were used in a similar
way to the prior assessment methods. Like for the development
of the Bogossian-formula in 2014, Tabatabaei et al. (2016) and
Wang et al. (2017) used also the method of artificial LBBB during
right ventricular pacing in patients who underwent electrophysio-
logical studies [17,18]. Finally, Yankelson et al. (2018) and Tang
et al. (2019) used the second assessment-method of the
Bogossian-formula and analyzed patients with intermittent LBBB
or with LBBB after trans-aortic valve replacement (TAVR)
[19,20,22].

3.2. Applicability of the LBBB formula in heart failure patients

LBBB is a common ECG feature in patients with heart failure due
to impaired left-ventricular (LV) function. Hence, the applicability

) ar
V1 S —
BBB il P
V2 — I e
QRSh
AQTQRSI
1 —— A
intrinsic i !
1
rhythm v2 — N
]
corrected _ QRSb

QTinBBB ~ 2

Fig. 3. Figure from the last Publication in patients with artificial RBBB. (Reprinted
from Publication “How to measure QT-interval in right bundle branch block and
bifascicular block”. Clin Cardiol, 2020; Erkapic D et al.)
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of the formula was also verified for these patients. As patients with
severe LV dysfunction typically have extensive structural and elec-
trical remodeling leading to an increased risk of sudden cardiac
death [24], this observation has great implications for daily medi-
cal practice. LV dysfunction might persist despite optimal drug
therapy. In these cases, the implantation of a cardioverter defibril-
lator (ICD) is recommended. The adequate functioning of the defib-
rillator lead (placed in the right ventricle) is checked telemetrically
during regular follow-ups. Part of the routine examination is the
measurement of the lead threshold. During this maneuver, the
right ventricle is stimulated, resulting in a typical change of the
ECG with artificial LBBB. Again, taking advantage of this setting,
the modified QT formula could be assessed for measurement of
QT times in the presence and absence of provoked LBBB, for this
patient cohort [25].

3.3. Applicability of the LBBB formula in RBBB

As presented in Table 1, just the formulas by Rautaharju and
Bogossian were studied regarding the applicability in the presence
of RBBB. In the study by Ratauharju, 593 out of 1251 patients pre-
sented a RBBB pattern. Erkapic et al. investigated the applicability
of the Bogossian-formula to assess the QT interval in patients with
RBBB. Based on a similar method of design as for the development
of the LBBB-formula, the appropriate use during RBBB was further
investigated [26]. In particular, during left-sided EP procedures an
artificial RBBB (with left anterior or left posterior hemiblock) was
induced by left ventricular pacing. Again, the same patient collec-
tive could serve as control group by comparing their initial ECGs
(with narrow QRS complexes) to the generated ECGs during LV
pacing (with broadened QRS-complexes in the course of artificial
RBBB) (Fig. 3). In this prospective multicenter observational study,
71 patients were included. The mean difference between intrinsic
QTc and corrected QTc during RBBB was —3 + 24 ms and
— 6 £ 25 ms for RBBB with left posterior and left anterior hemi-
block, respectively [26], thus demonstrating the applicability of
the LBBB formula in patients with RBBB.

3.4. Combination of BBB formula and heart rate correction formula

The estimation of the QT interval in the presence of BBB is sig-
nificantly more complex at extreme heart rates (i.e., heart-rates
other than 60 bpm and especially in bradycardia or tachycardia).
This was a relevant aspect in the Publications of Rautaharju, Tang
and Erkapic [14,20,26]. In the Study of Rautahrju et al., rate- and
gender-adjusted JT interval was in focus during the formula inves-
tigation. Tang et al. focuses for the rate correction on the spline QT
formula (QTcRBK) [27], which was earlier described by the same
working group.

During the first description of the Bogossian-formula a rate-
correction was not necessary, as the paced QRS complexes were
generated just a few beats faster than the intrinsic heart rate
[16]. In the subsequent publications, the paced rhythm was signif-
icantly higher than the intrinsic heart rate [22,23,25], making
heart-rate correction indispensable in these cohorts. Initially, the
Bazett formula was applied, resulting in a substantial deviation
in corrected intervals whenever the heart-rate deviation was high.
A regression analysis revealed a linear relationship between the
deviation of the intrinsic QTc from the modified QTc and the differ-
ence between the intrinsic heart rate and paced heart rate [23]. A
fast heart rate resulted in an increasing difference between intrin-
sic and modified QTc. Recently, in the manuscript evaluating the
LBBB-formula in RBBB-QRS-complexes, the authors applied three
different heart rate correction formulas (Bazett, Fridericia, and
Hodges) after QT-correction (due to QRS width) [26]. This compar-
ison revealed that the smallest deviation was achieved by the
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Hodges-formula, intermediate deviation by the Fridericia-formula
and the greatest deviation by Bazett’s formula.

4. Conclusions and clinical implications

Different QRS-QT-formulas have recently been introduced in
order to identify easier patients with LBBB or RBBB at high risk
for ventricular arrhythmias due to true prolonged QT duration.
None of the formulas has the power to unmask the real QT time
behind the BBBs. Incorporating more complex formulas (like that
by Rautaharju) in automated ECG analysis programs may help to
keep deviations as small as possible and increase comparability
in the assessment of QT intervals during BBB. Furthermore, better
heart rate corrections (as described by Rabkin and Tang) could lead
to further reduce heart rate related deviations.

However, in routine clinical practice, easy formulas (as
described by Bogossian) for the estimation of the modified QTc in
the presence of LBBB, RBBB or in pacemaker patients with LBBB-
like ECG patterns remain reliable tools for a quick appraisal. Addi-
tional rate correction should in this case preferably be performed
by Hodges’ formula (or alternatively using the Fridericia formula).
Bazett’s formula seems to lead to the greatest deviation of the
expected values.

5. Limitation

In the presence of BBB, the estimation of the real repolarization
time from the ECG remains very challenging. The JT interval seems
to be the best representative value for this evaluation. However, in
clinical practice the experience with the JT interval is limited. The
estimation of the exact and real QT interval in the presence of BBB
needs further experimental and clinical investigations.
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