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Abstract

1:2 atrioventricular (AV) conduction is characterized by one atrial activation
antegrade conduction down fast and slow pathways, which results in two ventricular
activations. This phenomenon also referred to as a “double fire”. When this
phenomenon repeats rapidity, dual atrioventricular node non-re-entrant tachycardia
(DAVNNT) occurs. We report the case of irregular QRS complexes tachycardia with
a comprehensive record of this phenomenon including, routine electrocardiogram,
Holter recordings, and intracardiac electrophysiological study (EPS). In conclusion,
through analysis of the ECG and intracardiac recording during tachycardia, we
presume that the most likely electrophysiological explanation of our case is the

“double ventricular response to a single sinus beat”.
Case presentation

A 56-years-old male patient was referred to our Cardiology Department for
intermittent palpitation and discomfort. Symptoms started 6 years before but
worsened over the past months. The echocardiographic examination revealed
arrhythmia and ruled out structural heart disease. He presented to another hospital
before and was diagnosed with atrial fibrillation by ECG in Figure 1A. On admission,
the patient underwent Holter examination and electrophysiological study. What is the

likely mechanism of the tachycardia in this case?
Discussion

The baseline ECG shows intermittent P-waves (P, P4, Py, P») linked to the first of the
two QRS complexes with a constant PR interval of 220 milliseconds (ms). (Figure
1A). By a beat-to-beat morphological analysis of T waves, hidden P waves (P,, Ps, P13)
are subsequently identified (Figure 1A). Subsequently, regular PP (P;-P;3) intervals
are identified with a cycle length of 760 ms, and rule out the possibility diagnose of
atrial fibrillation. Regular P waves are upright in the inferior leads and inverted in
lead aVR suggesting they are sinus P waves. Furthermore, PR interval prolongation
(440 ms) after the 2nd QRS complexes (Rz, Re, Ri2, Ri6) can be interpreted either by

the concealed retrograde conduction to the AV node by ventricular or junctional



extrasystoles which prolonged the ensuing AV node conduction, or by slow AV nodal
pathway conduction (Figure 1A). Irregular wide QRS complexes may occur at
refractory of right bundle branch. Therefore, the possible differential diagnosis of
Figure 1A include 1) sinus rhythm with ventricular extrasystoles; 2) sinus with
junctional extrasystoles; and 3) sinus rhythm atrioventricular (AV) nodal nonreentrant
tachycardia.

By a beat-to-beat analysis of PR intervals, during sinus rhythm (marked by P, P7,
Pyo), atrial activation antegrade conduct through AV node to create QRS complexes
(marked by Rj3, Rg, Ry3) with very long PR intervals (440 ms). It make likely a
manifestation of slow-pathway-only conduction. The ladder diagram in Figure 1A
reveales the hypothesis of a double ventricular response to a single sinus beat. ECG at
admission (Figure 1B) shows sinus rhythm with PR interval 440 ms, and occasional
Mobitz I second-degree AV block. It further likely a manifestation of
slow-pathway-only conduction. Sinus origin of P wave, two distinct PR intervals (220
ms and 440 ms, respectively) and the presence of anterograde conduction only down
the slow pathway, make the diagnose of dual ventricular response through dual AV
nodal pathways most likely.

Series of data are obtained from automatic Holter ECG analysis system. As
shown in Figure 2, data are shown including Lorenz-RR interval scatter plot (Figure
2A), 24-h tachogram (RR intervals over time) (Figure 2B), 1-h tachogram (RR
intervals over time) (Figure 2C), 1-h P waves of chromatograms (Figure 2D) and
ECG tracings (Figure 2E). The Lorenz-RR plot displays a double side lobe (DSL)
pattern type containing 3 islets. The central part (1) of the DSL shape reflects normal
sinus rhythm, while the left (2) and right (3) side lobe reflects resembling very
frequent premature depolarizations (Figure 2A). The 24-h RR intervals over time
showed the distribution of 3-4 layers, and the dominant rhythm was in the uppermost
layer, and the lower 2-3 layers are the RR interval bands during tachycardia (Figure
2B). Furthermore, the 1-h RR intervals over time was an example which associated
with islet marked 1. The 1-h RR intervals over time showed an abnormal RR interval

with 3 distinct layers (Figure 2C). The DSL shape of Lorenz plot and the distribution



of 3-4 layers of 24-h and 1-h RR intervals over time are highly specifically linked to
frequent atrial premature beats'.

Furthermore, Figure 2D showed example of 1-h P-wave chromatogram
associated with islet marked 2. P-wave chromatogram is a novel method for automatic
detecting atrial fibrillation. During sinus rhythm, the positions of P waves represented by
black band, whereas positions of QRS complexes represented by orange band. The distance
between the two bands represented the PR intervals. P-wave chromatogram showed sinus
rhythm with identical PR intervals whereas atrial fibrillation with chaotic PR intervals.
Therefore, P-wave chromatogram had an excellent sensitivity and specificity for the
presence of atrial fibrillation. The fixed PR intervals were specific for normal sinus
rhythm, while variable PR intervals suggested the presence of one or more
tachyarrhythmias. It helped us to improve diagnostic efficacy regarding arrhythmia
detection and diagnosis. In our case, Figure 2D showed variable PR intervals
associated with islet marked 2 by P-wave chromatogram and suggested the presence
of one or more tachyarrhythmias.

The ECG tracing is an example of tachyarrhythmias substrate associated with
islet marked 2 (Figure 2E). ECG tracing shows irregular QRS complex tachycardia
with P waves linked to two QRS complexes. A differential diagnose of dual
ventricular response through dual AV nodal pathways, junctional extrasystoles in
bigeminy or (less likely) atrial tachycardia is made.

The patient then underwent the electrophysiology study (EPS), multipolar
catheters are placed in the coronary sinus and right ventricular region. Atrial
potentials are recorded by catheters in the coronary sinus. His potentials and
ventricular potentials are simultaneously recorded by the catheters placed in the right
ventricular septum’. Purkinje potentials are recorded before the onset of the QRS.
Retrograde conduction was absent during right ventricular pacing. Baseline heart rate
is sinus rhythm with a cycle length of 827 ms, and AH and HV intervals were 106 ms
and 31 ms, respectively (Figure 3A). Subsequently, tachycardia spontaneously
occurred. Atrial potentials recorded by catheters in the coronary sinus is regularly at a

cycle length of 886 ms. His potentials and ventricular potentials simultaneously



recorded by catheters in the right ventricular septum showed double ventricular
response with a pattern A-H;-V;-H,-V,. The AH, and AH, interval were 100 ms and
615 ms, and H,V and H,V intervals were constant 31 ms (Figure 3B). Junctional
extrasystoles may double the ventricular rate, however, they typically had a less
predictable coupling interval to the receding QRS complex or His potential®”.
Because of the fixed interval between His and ventricular activation, junctional
extrasystoles was unlikely. Furthermore, surface lead I, IT and V; ECG showed right
bundle branch block in the 2™ wide QRS complexes of the preceding atrial excitation.
The increased incidence of functional bundle branch block in the ventricular rate due
to dual AV nodal non-reentrant tachycardia is often observed, but it is not a
prerequisite’. This finding also favored the diagnosis of AV nodal non-reentrant
tachycardia. Figure 3C shows similarly 1:2 anterograde AVN conduction, whereas the
AH; interval is very long at 378 ms. Antegrade conduction down the fast pathway and
slow pathway showed variable AH intervals may due to fluctuations in AV nodal
conduction velocity®.

After ablation in the slow pathway, the dual ventricular response was
disappeared. After observation for 30 min, CS pacing showed no evidence of dual AV
node physiology and inducible of tachycardia. RV pacing showed no VA conduction
even with an ISP drip. The patient was reexamined with Holter after radiofrequency
catheter ablation, and the Lorenz-RR interval scatter plot and RR intervals over time

confirmed the disappearance of 1:2 AV conduction.

Conclusions

DAVNNT 1is an uncommon arrhythmia and associated with a reversible
tachycardia-induced cardiomyopathy’. Dual AV node physiology provide the
substrate for a sinus beat resulted double ventricular response (Figure 3D). It is
difficult to discriminate between DAVNNT and more common arrhythmias by patient
characteristics and clinical presentation.”. Our case provides a comprehensive analysis

of this phenomenon.



Routine ECG (Figure 1A-B) revealed sinus origin of P wave, two constant PR
intervals (220 ms and 440 ms, respectively) and the hypothesis of presence of
anterograde conduction only down the slow pathway. Tachycardia was revealed by
the long-term recording from Holter. The DSL shape of Lorenz plot and the
distribution of 3-4 layers of 24-h and 1-h RR intervals over time are highly
specifically linked to frequent atrial premature beats. Variable PR intervals associated
with islet marked 2 by P-wave chromatogram and suggested the presence of one or
more tachyarrhythmias. Although junctional extrasystoles in bigeminy or (less likely)
atrial tachycardia are not ruled out by ECG tracing in Figure 2E, ECG tracings
associated with islet marked 1 (data were not shown) showed occasional Mobitz I
second-degree AV block. It also likely manifests the presence of slow-pathway-only
conduction.

In Figure 3B, we cannot completely rule out the diagnose of a parasystole with a
fixed junctional rhythm and the presence of variable AH intervals. And it was
reported that junctional tachycardia has also been eliminated after ablation near the
typical location of the slow pathway region®. However, based on the thorough
analysis of routine ECG, Holter and EPS, as of our case, the diagnose is suggested by
DAVNNT. Therefore, thorough analysis of the ECG and intracardiac recording

during tachycardia is key for the differential diagnose.



Figure legends

Figure 1. Twelve lead routine ECG. (A) Baseline ECG and corresponding schematic
ladder diagrams with the hypothesis of a double ventricular response to a single sinus
beat. Two antegrade conduction AV pathways are indicated by straight lines (fast
pathway) and dotted lines (slow pathway). (B) ECG at admission.

Figure 2. Data of the patient's automatic Holter-ECG analysis. (A) Lorenz plot of 24-h
RR intervals. (B) 24h RR intervals over time. (C) Example of 1h t-RR intervals
associated with islet marked 2. (D) Example of 1h P waves of chromatogram
associated with islet marked 2. (E) Example of ECG tracing associated with islet
marked 2.

Figure 3. Intracardiac tracings from electrophysiology study. (A) Baseline rhythm is
sinus at a cycle length of 827 ms, and AH and HV intervals were 106 ms and 31 ms,
respectively (paper speed at 100 mm/s). (B) Intracardiac tracings show 1:2 AV
conduction with a pattern A-H;-V;-H,-V,. The AH; and AH, interval measured 100
ms and 615 ms, and H;V and H,V intervals were constant 31 ms (paper speed at 50
mm/s). The ladder gram below showed the proposed mechanism for the tachycardia.
Two antegrade conduction AV pathways are indicated by straight lines (fast pathway)
and dotted lines (slow pathway). (C) Intracardiac tracing reveal 1:2 AV conduction
with a pattern A-H;-V,-H»-V,. The AH; and AH; interval measured 378 ms and 828
ms, and H;V and H,V intervals were constant 31 ms (paper speed at 100 mm/s). (D)
Schematic diagram of the mechanism of DAVNNT. AH, interval between the right
atrium and His bundle. HV, interval between the His bundle area and ventricle. CS,
recordings from catheter positioned in coronary sinus (CS 1-2 distal most and CS 9—

10 at CS os). RV, recordings from catheter positioned in right ventricle.
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