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ECG CHALLENGE

An 83-year-old woman with nonischemic cardiomy-
opathy, heart failure with reduced ejection fraction 
(HFrEF), and left bundle branch block (LBBB) pre-

sented for a routine visit. Figure 1 shows the 12-lead 
ECG.

What is the diagnosis? What is the mechanism under-
lying the 2 narrow QRS complexes noted on the strip?

Please turn the page to read the diagnosis.

Figure 1. ECG at presentation.
Demonstration of normal sinus rhythm at a rate of 81 beats per minute with a PR interval of 158 ms and a QRS duration of 162 ms, with a left 
bundle branch block (LBBB) morphology and left axis deviation. However, the second and eighth complexes demonstrate normalization of the 
QRS duration (<100 ms) and axis. 
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RESPONSE TO ECG CHALLENGE

The ECG demonstrates normal sinus rhythm at a rate 
of 81 beats per minute with a PR interval of 158 ms 
and a QRS duration of 162 ms, with an LBBB mor-
phology and left axis deviation. However, the second 
and eighth complexes demonstrate normalization of the 
QRS duration (<100 ms) and axis. These narrow beats 
are triggered by premature atrial contractions (PACs). 
Figure 2 highlights the premature atrial depolarization 
(blue arrows) followed by the narrow QRS complexes 
(red arrows).

The average sinus cycle length is ≈752 to784 ms 
(Figure 2). Before the PAC, we observe an increased 
cycle length (RR6=848 ms) that results in a longer dia-
stolic interval. The PAC that follows results in a shorter 
cycle length (RR7=594 ms) and produces a narrow 
QRS. The RR interval for the first narrow QRS (RR1) was 
also shorter at 594 ms, although we could not record 
the RR interval preceding that cycle. The PR intervals 
were similar (168 ms and 170 ms for cycles 1 and 7, 
respectively).

This represents the phenomenon of supernormal con-
duction, defined by a paradoxical improvement of con-
duction at shorter cycle length.

Under baseline conditions, the sinus cycle length 
(Figure 2) allows for spontaneous diastolic depolariza-
tion (SDD) of the diseased His-Purkinje system, a phe-
nomenon that ordinarily underlies phase 4 block.1,2 This 
results in a progressively less negative (hypopolarized) 
resting membrane potential with partial inactivation of 
the voltage gated sodium channels (NaV) causing func-
tional LBBB. The premature atrial complex creates a 
“long-short” sequence; the shorter cycle length allows 
the impulse to capture the left bundle before SDD can 
lead to significant channel inactivation, capturing the 
bundle during the “supernormal” phase of excitabil-
ity. The resultant activation of NaV produces a rapid 
phase 0 upstroke and normal conduction. It is notable 
that phase 4 block is observed here at a relatively rapid 
rate (81 bpm), implying significant disease of the His- 
Purkinje system.

Differential diagnoses include gap phenomenon 
and equal conduction delay.3 With gap phenomenon, a 
proximal delay (typically in the atrioventricular [AV] node) 
allows time for the distal conduction system (LBBB) to 
recover excitability, paradoxically normalizing conduc-
tion. With equal conduction delay, both bundle branches 
are delayed to the same extent, possibly because of a 
rate-related block in the “healthy” bundle branch caused 

Figure 2. Annotated ECG highlighting RR cycle length variability.
Premature atrial contractions (PACs) are highlighted with blue arrows, and “supernormal” narrow QRS complexes are highlighted with red arrows. 
RR cycle lengths have been measured from peak to peak of the R wave. Premature atrial contractions trigger RR1 and RR7 that precede the 
narrow QRS complexes and are significantly shorter than the baseline sinus cycle length. 
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by a premature beat. This may result in a normal QRS 
appearance despite underlying conduction disease. Both 
phenomena would likely demonstrate PR prolongation. 
In this case, the PR interval of the PAC is comparable to 
that of the sinus beats, indicating no or minimal AV nodal 
delay. The absence of PR prolongation argues against 
delayed conduction in both the right and left bundle 
branch.

The distinction is important as the gap phenomenon 
is benign, whereas supernormal conduction is typically 
found concomitantly with advanced conduction disease 
and often results in pacemaker implantation. In this case, 
the patient underwent cardiac resynchronization therapy 
defibrillator implantation for HFrEF with LBBB (QRS 
duration >150 ms) and NYHA (New York Heart Asso-
ciation) class III symptoms despite guideline directed 
medical therapy.
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