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Case

A 45-year-old lady presented with recurrent narrow QRS tachycardia. Echocardiography was normal. During
EP study dual AV nodal physiology was demonstrated: with PR interval exceeding RR interval during
decremental pacing, AH jump and AV nodal echo (slow-fast). It was followed by easily inducible typical
slow-fast atrioventricular nodal reentrant tachycardia (AVNRT, tachy1, septal VA= 0 ms) [Post ventricular
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entrainment- VAHV response, Stim A - VA= 125 ms, corrected post-pacing interval-tachycardia cycle length
=116 ms ] (Fig 1A,1B). After slow pathway (SP) modification in lower triangle of Koch, (although only very
few junctional beats were generated in 4 radiofrequency (RF) lesions, total 150 sec of RF energy), during
decremental pacing PR interval didn’t exceed RR interval, no AH jump, no typical echo; but consistently
had one and half long VA echo(Fig2A). After isoprenaline, sustained tachycardia with similar long VA
(septal VA= 144 ms) was induced (Fig 2A). Attempted ventricular overdrive pacing (VOP) to entrain the
tachycardia repeatedly terminated tachycardia (Fig 2C) without entraining tachycardia even after 7-8 beats.

Q> What is the second tachycardia (tachy2) and how to proceed?

1. Fast-slow AVNRT
2. Slow-slow AVNRT
3. Slow fast AVNRT
4. Orthodromic AVRT
5. Atrial tachycardia
6. Junctional Tachycardia

Commentary:

With the given clinical background atypical AVNRT was the most likely possibility. But maneuvers were
needed to prove or exclude other diagnoses. Para his pacing (PHP) in sinus rhythm was suggestive nodal
route for VA conduction. His-refractory PVC didn’t perturb the tachycardia circuit. Junctional tachycardia
(JT) was ruled out as single late atrial premature depolarization (APD) could reproducibly terminate tachy2.
VOP repeatedly terminated tachycardia. VOP could not entrain the SVT/atrium (even for a single beat),
even after 7-8 beats before termination, hence, ruling out AVRT. VOP repeatedly terminated the tachy2
without conduction to A (third beat in Fig2C), thus, ruling out AT. With AVNRT as the only diagnosis
of exclusion, further slow pathway modification was performed. Tachy2 became non-inducible afterwards.
No jump or AV echo was produced at baseline. With isoprenaline, single typical AV nodal echo beat noted
(with PR of 360ms).

Q: After initial SP modification, why the initial tachy1 became non-inducible, and tachy2 got
induced?

Ans. The exact mechanism is difficult to predict, like various other mysteries of AVNRT [1]. We hypothesize,
with SP modification the ERP of SP and/or FP had probably changed such that fast-slow/ slow-slow AVNRT
was easily induced without AH jump.

Is it fast-slow AVNRT?

Yes. Most likely as the retrograde A was earliest near CS os. A possible reason is increase in effective
refractory period (ERP) of SP after ablation. This is known after SP modification [2]. Hence, with APD,
ERP of SP was reached earlier than FP (unlike pre-ablation, when normally ERP of FP is reached before SP,
producing unidirectional block in FP leading to jump to SP and typical echo; finally perpetuating slow-fast
AVNRT). We hypothesize, now, with the unidirectional block happening earlier in SP, it was still conducted
via FP (ERP of FP is also known to shorten with SP modification) [2]. By that time SP recovered and was
available to conduct retrogradely leading to fast-slow AVNRT.

Can it be slow-slow AVNRT?

There was no AH jump and only modest PR interval (PR = 190 ms). So antegrade limb is very unlikely to
be SP.

Can it be still be slow-fast AVNRT?

No, very unlikely. The retrograde limb is definitely SP as the earliest ‘A’ in tachy2 was near CS ostium [3].

Q> Any further insight from the attempted VOP about the mechanism whether it’s slow-fast,
fast-slow, or slow-slow?
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Ans. Let’s have a look at the 4 atrial activation sequences in CS catheter during:

a. Initial AVNRT (tachy1)

b. First VOP1

c. Second tachycardia and

d. Attempted VOP (VOP2).

There is very little doubt that during tachy1 the antegrade limb is SP and the retrograde limb is FP. The
CS activation is sequentially ‘CS78CS12’. During VOP entrainment of tachy1 could be achieved with VAHV
response. In the entrained beats also, the CS activation was similar i.e. ‘CS78CS12’; suggesting same VA
route (FP) during entrainment which is the norm in typical AVNRT.

Now during the longer VA tachycardia (tachy2), the possibility of fast slow AVNRT is more likely as explained
above (no critical AH jump noted, at or before induction). But more insights resurfaced when the atrial
activation was looked into carefully. The CS activation was different there than tachy1. The timing of
‘A’ was near simultaneous in CS 78 and CS56 suggestive of a retrograde breakthrough at an equidistant
point from either of the bipole (Fig 2B). Moreover, there was polarity reversal (between CS 78 and CS 56)
of the initial segment of the triphasic/quadriphasic ‘A’ electrogram (EGM)(Fig 2B). In addition, the His
proximal pole also had similar timing of ‘A’ signal compared to CS78/CS56. These unequivocally proved
the retrograde circuit was different from FP (tachy1 and VOP1).

As described above, VOP2 repeatedly terminated the tachy2. During VOP the tachy2 had terminated
without conduction to atrium (3rd beat in Fig 2C). The tachy2 continued for several beats after starting
VOP (till 2nd beat of RV pacing in Fig 2C). In the 3rd beat captured ventricle has terminated the tachy2 by
entering the excitable gap. From 3rd beat onwards it is merely a VA conduction happening after tachycardia
termination, which is clear from AA interval measurements (Fig 2C). In addition, if we look at the EGM of
CS, till the tachycardia was continuing, the ‘A’ EGM in CS 56 and CS78 was simultaneous (CS78=CS56 ,
first 2 beats in Fig2C). But as soon as tachy2 terminated (and there was VA conduction during continued RV
pacing), the CS activation pattern was different, but was identical to tachy1and VOP1 (Fig 1B), hence now
via FP (CS78CS56 ). This again proves that the retrograde limb of the tachy2 was anything other than
FP and fast-slow AVNRT becomes the only possible mechanism. In fact, the EGM in CS78 itself changed
significantly between tachy2 and VA conduction. The initial vector of +/- (marked as * in Fig 2C) became
negative of higher amplitude (** in Fig 2C). This is also another kind of polarity reversal, and was due to
change in the route of VA conduction.

In essence, this interesting case highlights importance of stepwise application of maneuvers to confirm or
exclude SVT mechanisms. Minute EGM signal change and polarity reversal can also provide useful insights
in determining exact AVNRT mechanism.

Figure legend

Fig 1: A: Induction of typical AVNRT (tachy1, with APD). B: successful entrainment with VOP and long
cPPI-TCL and StimA- VA.

Fig 2A: After initial slow pathway modification for tachy1, this one and half beat of long VA (septal VA 164
ms) echo was noted reproducibly at baseline.

2B: With isoprenaline, sustained tachy2 was induced with long VA ( VA= 144 ms) similar to the above-
mentioned echo beat.

2C: One of the attempted VOP. During initial few beats the tachy2 (AA= 340 ms) continued at its own
rate (TCL=340ms) as seen in first 2 beats in Fig 2C. In the 8th beat of the drive train (3rd beat in fig
2C) of VOP @320 ms, the AA interval suddenly prolongs by 23ms as compare to TCL (340 ms), suggesting
termination of the tachy2. After termination AA interval was same as RV pacing CL @320 ms. Noted the

3



P
os

te
d

on
A

u
th

or
ea

20
A

p
r

20
20

—
C

C
B

Y
4.

0
—

h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

7
3
99

59
.9

92
14

07
9

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

change in CS78-CS56 A-EGM relation during tachycardia (first 2 beats) and VA conduction (last 2 beats).
The polarity reversal was noted in A – EGM of CS 78.

(TCL- tachycardia cycle length, CL- cycle length)

CS- coronary sinus catheter, CS78- proximal CS, CS 12- distal CS, His D- His catheter distal pole, His P-
His catheter proximal pole, Map – Mapping catheter in right ventricle, STIM- Stimulation.)
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