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Left bundle branch block (LBBB) represents a composite of multiple
mechanisms of impaired myocardial conduction that promote a variety
of surface ECG morphologies reflected in the plethora of diagnostic
criteria which can be confusing [1-5]. The QRS complex in LBBB reflects
the failure of optimal myocardial recruitment achieved by the normal
functioning His-Purkinje network, a manifestation of a failure in
coupling at one or multiple levels: within the left fascicles themselves,
fascicular to myocardial conduction or intramyocardial conduction
(Fig. 1). The classic M wave pattern in V6 reflects the rotation of an
activation wavefront in the LV. Indeed, endocardial and more recently
non-invasive ECG Imaging studies have demonstrated that there are
2 main patterns of activation-a Type 1 homogeneous depolarization
and Type 2 U shaped pattern as the activation wavefront rotates around
aregion of fixed or functional block [6-8]. There has been a great deal of
interest in attempting to predict the exact site of LBBB as this could have
important implications not only for the siting of the coronary sinus LV
lead but also predicting positive LV remodeling. A number of ECG
markers of remodeling have been proposed including QRS duration,
QRS area and the morphology of the intrinsicoid deflection [9-e12].
Fundamentally, if there is an excess of fibrosed myocardium, it is
unlikely there is sufficient myocardial reserve to achieve adequate re-
modeling even if the lead is targeted outside scar.

In this edition A.M.W. van Stipdonk et al. go back to basics, regarding
the definition of LBBB and compare the ability of clinicians to accurately
diagnose LBBB according to each of the 4 commonest definitions. Not
surprisingly, the simplest criteria (MADIT & Strauss scores) based on 4
features were the most consistently correctly utilized in defining LBBB,
although 1 in 10 ECGs were still classified differently by the same ob-
server and for 1 in 5 ECGs, the cardiologists differed on clinical judge-
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ment or the score. The concern is that there was a large inter and
intra-observer error for each LBBB definition amongst these very expe-
rienced clinicians. This has potentially very important implications for
the prescription of CRT with the possibility that patients that could ben-
efit may not receive a CRT device if the more strict definitions are ap-
plied and the patients miscategorised.

A key issue in this paper is whether misjudging of LBBB pattern
would have resulted in less CRT implants by these physicians in their
daily practice and which ECG features are most commonly correctly
applied. A deeper question is whether any of these definitions of LBBB
impact on reverse remodeling. In the largest study to address this ques-
tion examining 5 different LBBB classification schemes- it seems that QS
or 1§ pattern in V1, notching/slurring in V5, V6 and absence of Q in V5,
V6 are the most important criteria, whereas intrinsicoid time and
T wave morphology seem to contribute less to the prediction of clinical
response [e13].

It is well recognised that the longer the QRS duration is in LBBB, the
greater the remodeling effect of CRT will be with the largest responses
occuring when QRS duration is >150 ms [e12]. However, only a small
proportion of patients have such broad QRS durations which has
spurred investigation of other ECG markers to predict response even
in non-LBBB cases. A recent study evaluated the QRS area in 1492 CRT
recipients [e11]. QRS area, a marker of left lateral wall fibrosis, identified
patients who did not experience the primary end point (death,
transplantation, left ventricular assist device implantation) & echocar-
diographic remodeling better than QRS morphology and QRS duration.
QRS area was the only independent electrocardiographic determinant
associated with the primary end point; hazard ratio, 0.50 (0.35-0.71)
& showed significant association with outcomes in both patients with
and without LBBB and QRS 2150 ms [9,e11].

Notching/slurring patterns in the precordial leads V1, V2, V5, and
V6 and intrinsicoid deflection time are affected by the position of the
heart in the chest and by appropriate positioning of electrodes [e14].
These variations alter the LBBB/non-LBBB diagnosis, based on AHA/
ACC/HRS, ESC 2006 and Strauss definitions. In addition, measurement
of QRS duration has its uncertainties with differences that can exceed
10-15 ms- enough to be clinically significant for qualifying a patient
for CRT. Therefore, there is a real need to develop a universally accepted
standard of ECG classification for ventricular conduction disturbance, as
an ECG recording device industry standard, and to mandatorily pre-
scribe its use in future CRT studies and in clinical practice guidelines.

With the advent of artificial intelligence & machine learning algo-
rithms, the ECG databases of the randomised CRT trials & large cohorts
could be re-examined to determine if there are specific derived higher
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Fig. 1. Schematic diagram showing levels of left bundle branch block. A. Proximal or distal block in the left bundle branches. Distal block can occur due to lack of conduction at the
fascicular-myocardial interface. Proximal block can be overcome by His pacing if this can engage the His-Purkinje system distal to the level of block and the remaining conduction
system & myocardial conduction are intact to enable normal myocardial activation & a narrow QRS. B.More homogenous delayed conduction can occur across the LV wall or C. U
shaped activation will occur around a site of intramural conduction delay with fixed/ functional block.

order features of the digitized ECG that can provide a more sophisti-
cated prediction of likely remodeling outcomes or more information
on the burden of myocardial scar e.g. Mid-QRS notching in the lateral
leads strongly predicts a longer Q-LV interval [10]. This is increasingly
relevant to the emergence of His Bundle pacing where intrinsic fascicu-
lar conduction & normal fasicicular-myocardial coupling is critical to
determining if His pacing will engage the distal conduction system to
correct LBBB. The importance of this mechanism was elegantly illus-
trated in restoring a narrow QRS in LBBB patients with His pacing
using ECG-Imaging [e15]. Such information would be of great value in
determining who is most likely to benefit from His pacing as opposed
to an LV lead especially if there have been issues with coronary sinus
LV lead placement due to difficult anatomy and an LV endocardial
approach/surgical epicardial LV lead is being considered.

A simple automated ECG processing algorithm that accurately pre-
dicts the likelihood of benefit from His versus LV lead pacing could be
developed to play a very useful cost-effective role in the pre-operative
planning of CRT. Indeed if adequate long term cohort outcomes data
were available combined with MR imaging data, then this digitized
ECG analysis could be utilized to enable standardized & tailored CRT
with important applications in improving patient prognosis through
more objective patient selection criteria and lead targeting [e16-e17].
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