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Diagnostic and Mechanistic Implications
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ABSTRACT

Supraventricular tachycardia (SVT) with ventriculoatrial (VA) block can represent a diagnostic challenge. We
present a case of SVT where His-His interval shortening was repeatedly observed during episodes of VA
block. This novel observation is more diagnostically suggestive of atrioventricular nodal re-entrant tachycardia,
as opposed to orthodromic re-entry using a nodofascicular or nodoventricular pathway where a constant
His-His is recorded during episodes of VA block. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep
2023;6:101593) Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

upraventricular tachycardias (SVTs) can tachycardia (AVNRT) from orthodromic re-entry
represent diagnostic challenges even for (ORT) using a concealed nodofascicular (NF) or
experienced electrophysiologists. This is nodoventricular (NV) pathway can be especially

particularly the case when atrioventricular (AV) or,
less commonly, ventriculoatrial (VA) block occurs.

difficult. Recent data have highlighted the diag-
nostic utility that His-His (HH) interval prolongation

Specifically, distinguishing AV nodal re-entrant may have before VA block in supporting a diagnosis
of AVRNT. However, to the best of our knowledge,
HH interval shortening has not been described in

a similar setting.

LEARNING OBJECTIVES

e To be able to make the differential diagnosis
of SVT with VA block by observing changes in
HH intervals.

e To understand the role of HH interval
changes consistent with multiple nodal
pathways supporting AVNRT.

HISTORY OF PRESENTATION

A 54-year-old man presented with vagal- and
adenosine-sensitive recurrent SVT. Electrocardio-
grams demonstrated sinus rhythm without evidence
of pre-excitation and narrow-complex tachycardia

From the *Division of Electrophysiology, Department of Cardiology, University of California-San Francisco, San Francisco,
California, USA; PDivision of Cardiology, Department of Medicine, Nihon University School of Medicine, Japan; and the
“Department of Cardiovascular Medicine, Gunma University Graduate School of Medicine, Maebashi, Japan.

The authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’
institutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,
visit the Author Center.

Manuscript received May 11, 2022; revised manuscript received July 20, 2022, accepted August 9, 2022.

ISSN 2666-0849 https://doi.org/10.1016/j.jaccas.2022.08.010


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccas.2022.08.010
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccas.2022.08.010&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

2 Wong et al

VA Block and His-His Changes in SVT

ABBREVIATIONS
AND ACRONYMS

AH = atrio-His

AV = atrioventricular

AVNRT = atrioventricular
nodal re-entrant tachycardia

HA = His-atrial
HH = His-His

HV = His-ventricular

LBBB = left bundle branch

block
NF = nodofascicular

NV = nodoventricular

ORT = orthodromic re-entry

RBBB = right bundle branch

block

SVT = supraventricular
tachycardia

VA = ventriculoatrial

between 190 and 220 beats/min with a
pseudo R’ in lead V;.

Although the history is supportive of partic-
ular SVTs over others, an electrophysiology
study is required for definitive diagnosis.

At electrophysiology study, the patient was
in sinus rhythm with atrio-His (AH) and
His-ventricular (HV) intervals of 67 and
56 milliseconds, respectively. VA conduction
was concentric and decremental, with the
earliest atrial activation at the right super-
oparaseptum. There was a reproducible AH
jump and typical nodal echoes observed with
single atrial extrastimuli from the high right
atrium, consistent with dual AV nodal phys-
iology. The atrial effective refractory period was
270 milliseconds. Para-Hisian pacing was consistent
with a nodal response. With isoproterenol, tachy-

cardia was induced after critical AH prolongation
during programmed atrial extrastimulation. After an
initial narrow-complex beat, transition to a left
bundle branch block (LBBB) configuration tachy-
cardia occurred, with a cycle length of 277 millisec-
onds, a short VA time of 10 milliseconds, and
concentric retrograde atrial activation earliest at the
right superoparaseptum (Figure 1A). During LBBB
tachycardia, supra-Hisian VA block occurred sponta-
neously (Figure 1B). Although His-atrial (HA) and
His-His (HH) intervals were constant during 1:1 VA
conduction, the HH interval shortened by 32 milli-
seconds (from 277 to 245 milliseconds) for the cycle
preceding and straddling the occurrence of VA block.
Further episodes of tachycardia initiated similarly,
with a narrow-complex QRS interval before tran-
sitioning to a right bundle branch block (RBBB)
configuration (Figure 2A). Notably, VA or HA intervals
and retrograde atrial activation sequences were also
comparable to LBBB configuration and narrow-
complex tachycardias. Subsequently, a tachycardia
configuration was observed to transition among nar-
row, LBBB, and RBBB configurations without varia-
tion in cycle length or VA or HA intervals; these were
associated with numerous episodes of 2:1 AV block
without change in HA or HH intervals (Figure 2B).
Despite reproducible tachycardia initiation, episodes
were not sufficiently sustained to allow for ventricular
overdrive pacing, or atrial or ventricular extrastimuli,
to be reliably delivered. Nevertheless, a diagnosis of
typical, slow-fast AVNRT was made on the basis of
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multiple supportive features. VA block is inconsistent
with atrial tachycardia or ORT using an AV pathway.
AV block excludes ORT using an NV pathway, and it
renders ORT using an NF pathway very unlikely.
Furthermore, a lack of VA change during RBBB or
LBBB also strongly argues against NF or NV ORT.
Junctional tachycardia remains possible and was not
excluded by atrial pacing maneuvers. Bundle branch
re-entry is excluded by the transition from LBBB or
RBBB to a normal QRS complex during tachycardia.
Upper septal fascicular ventricular tachycardia is also
excluded by the site of successful ablation. Finally,
intra-His re-entry is theoretically possible but would
seem less likely in the absence of a split His.

A traditional electroanatomic approach to slow
pathway modification was undertaken with slow
junctional beats during radiofrequency ablation.
Following this, an AH jump and single typical echoes
were observed with atrial extrastimuli, but the
previous tachycardia that was repeatedly inducible
no longer inducible despite isoproterenol
administration.

was

SVTs with AV or, less commonly, VA block occur
occasionally and can represent a diagnostic chal-
lenge, particularly in the latter scenario. In this case,
HH variation during VA block was observed and pro-
vided useful diagnostic information. In NF or NV
ORT, HH intervals should remain constant with VA
block because the re-entry circuit is independent of
any upper common exit. In contrast, HH intervals can
vary in AVNRT and suggest the involvement of mul-
tiple pathways."* Although HH prolongation has
been described before VA block in AVNRT, a decrease
in HH interval has not been previously reported.

A recent series of SVTs with VA block elegantly
characterized the diagnostic utility of several features
for differentiation of NF or NV ORT from AVNRT.'
One of these features was HH prolongation during
VA block, where =10 milliseconds (37 + 28 millisec-
onds) was observed in most (79%) AVNRT cases, in
contrast to a lack of change in the majority of NF or
NV ORT cases. Several other previous reports also
noted a similar phenomenon of HH prolongation
during VA block in AVNRT, and it was ascribed to the
presence of multiple nodal pathways.>*

In our case, we uniquely observed a decrease in the
HH interval of 32 milliseconds associated with
VA block. The most likely explanation for this
observation is the presence of multiple pathways, as
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FIGURE 1 Initial Tachycardia Induction With Subsequent Ventriculoatrial Block
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(A) Induction of tachycardia after critical atrial-His interval prolongation during programmed atrial extrastimulation. The initial beat of tachycardia had
a narrow QRS complex before transition to a left bundle branch block configuration. (B) During tachycardia with a left bundle branch block
configuration, ventriculoatrial block occurred spontaneously before termination of tachycardia was observed. CS = coronary sinus; d = distal;

HRA = high right atrium; m = mid; p = proximal; RV = right ventricle.
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FIGURE 2 Repeat Tachycardia Induction With Varying QRS Configuration and Atrioventricular Block
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induction of tachycardia followed by atrioventricular block. Abbreviations as in Figure 1.

(A) Repeat induction of tachycardia with initially narrow QRS complex and subsequently a right bundle branch block configuration. (B) Repeat
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FIGURE 3 Ladder Diagram Depicting a His-His Decrement During Atrioventricular Nodal Re-Entrant Tachycardia, as Shown in Figure 1B
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This finding is postulated to result from conduction over another antegrade slow pathway with faster conduction and associated atrio-His
shortening resulting in an upper common pathway block. Termination of tachycardia occurs in the next beat with block in both antegrade
slow pathways. A = atrium; AVN = atrioventricular node; FP = fast pathway; His = bundle of His; LCP = lower common pathway; SP = slow

pathway; UCP = upper common pathway; V = ventricle.

has been previously postulated for patients with
AVNRT and HH prolongation. For example, conduc-
tion could proceed down another anterograde
pathway with faster conduction, manifesting as a
decrease in HH interval and subsequent AH short-
ening that leads to VA block (Figure 3). Despite a lack
of multiple discontinuities during programmed atrial
extrastimulation, this remains the most likely expla-
nation. Other structural possibilities are also plau-
sible, including a faster retrograde pathway (although
this should result in VA block before HH shortening)
or a bystander NF-NV pathway. Furthermore, func-
tional explanations that may also allow for a shorter
HH interval are theoretically possible, including a
change in upper turnaround point of the nodal path-
ways resulting in a decrease in circuit size and upper
common pathway block, changes in conduction
velocity of a single pathway, or shortening of the
refractory period of the antegrade or retrograde nodal
pathways, given the previous suggestion that changes
in refractoriness determined cycle length alternans in
AVNRT.”> In contrast, in addition to a slower nodal
pathway, an explanation for the
analogous HH prolongation documented by other
investigators is the association of VA block with
conduction delay or block below the upper
turnaround point of the re-entry circuit. Although
1 mechanism for VA block contemplated in earlier
reports was an additional pathway with a lack of an
atrial exit, this would be unlikely in our case because

alternative

of resumption of VA conduction in the subsequent
cycle with persistently shorter HH interval, and the
site of VA block may instead be in an upper common
pathway.® Interestingly, faster tachycardias were
subsequently initiated in our patient. In some
induced episodes, the first cycle was of similar cycle
length to previous tachycardias (277 milliseconds)
before stabilizing into a shorter cycle length
(245 milliseconds) similar to that observed with VA
block. We believe that the induction of these tachy-
cardias also provides further evidence for the exis-
tence of a third pathway. Slow pathway modification
was successful in eliminating all inducible tachycar-
dias, although this site of successful ablation alone
does not distinguish AVNRT from NF or NV ORT
because the latter can also be ablated from this region.

We describe a consistently shorter HH interval
associated with VA block in a patient with SVT. We
conclude that the most likely explanation for this
observation is AVNRT, and a third nodal pathway
similar to that postulated when HH interval
prolongation has occurred, although other possibil-
ities are discussed. In addition to advancing our
mechanistic understanding of SVTs, this observation
may prove helpful diagnostically when attempting to
differentiate AVNRT from NF or NV ORT where the
former is more likely to have multiple pathways and
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tachycardias present, but this observation needs

further confirmation.' ADDRESS FOR CORRESPONDENCE: Dr Melvin

M. Scheinman, Division of Electrophysiology,
Department of  Cardiology, University  of
California-San Francisco, 500 Parnassus Avenue, San
Francisco, California 94143, USA. E-mail: melvin.
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