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Differential Effect of Adenosine on Anterograde and
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Adenosine and Retrograde Fast Pathway Conduction. Introduction: Several studies
have shown that the fast pathway is more responsive to adenosine than the slow pathway in pa-
tients with AV nodal reentrant tachycardia. Little information is available regarding the effect
of adenosine on anterograde and retrograde fast pathway conduction.

Methods and Results: The effects of adenosine on anterograde and retrograde fast pathway
conduction were evaluated in 116 patients (mean age 47 * 16 years) with typical AV nodal
reentrant tachycardia. Each patient received 12 mg of adenosine during ventricular pacing at a
cycle length 20 msec longer than the fast pathway VA block cycle length and during sinus
rhythm or atrial pacing at 20 msec longer than the fast pathway AV block cycle length. An-
terograde block occurred in 98% of patients compared with retrograde fast pathway block in
62% of patients (P < 0.001). Unresponsiveness of the retrograde fast pathway to adenosine was
associated with a shorter AV block cycle length (374 *= 78 vs 333 = 74 msec, P < 0.01), a
shorter VA block cycle length (383 = 121 vs 307 = 49 msec, P < 0.001), and a shorter VA in-
terval during tachycardia (53 = 23 vs 41 = 17 msec, P < 0.01).

Conclusion: Although anterograde fast pathway conduction is almost always blocked by 12
mg of adenosine, retrograde fast pathway conduction is not blocked by adenosine in 38% of
patients with typical AV nodal reentrant tachycardia. This indicates that the anterograde and
retrograde fast pathways may be anatomically and/or functionally distinct. Unresponsiveness
of VA conduction to adenosine is not a reliable indicator of an accessory pathway. (J Cardio-
vasc Electrophysiol, Vol. 9, pp. 820-824, August 1998)
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Introduction

Recent studies have shown that the fast path-
way is more responsive to adenosine than the slow
pathway in patients with AV nodal reentrant tachy-
cardia.'? However, little information is available
regarding the relative effects of adenosine on an-
terograde and retrograde fast pathway conduction.
Therefore, the purpose of this study was to com-
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pare the responsiveness of anterograde and retro-
grade fast pathway conduction to adenosine in pa-
tients with AV nodal reentrant tachycardia.

Methods

Subject Characteristics

The subjects of this study consisted of 116
patients with typical AV nodal reentrant tachy-
cardia who underwent an electrophysiologic pro-
cedure for the purpose of radiofrequency abla-
tion of the slow pathway. Patients with asthma
were excluded from the study, as were patients
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in whom adenosine resulted in atrial fbrillation.
There were 39 men and 77 women (mean age
47 *+ 16 years). One hundred seven patients
(92%) had no evidence of structural heart dis-
ease. Six patients had coronary artery disease,
one patient had hypertension and left ventricu-
lar hypertrophy, and two patients had nonisch-
emic cardiomyopathy. Echocardiography demon-
strated a normal left ventricular ejection fraction
in 112 patients (96%).

Electrophysiologic Testing

The electrophysiologic procedures were per-
formed after obtaining informed, written consent
and after the discontinuation of antiarrhythmic
drug therapy for at least five half-lives. Three
quadripolar electrode catheters were inserted
into a femoral vein and positioned in the high right
atrium, His-bundle position, and right ventricular
apex. Atrial and ventricular pacing were performed
at twice diastolic threshold using a programma-
ble stimulator (Bloom DTU 210, Bloom Associ-
ates, Narbeth, PA, USA). Leads I, IL, III, and V|,
and the intracardiac electrograms were simulta-
neously recorded on paper using a Mingograph
7 recorder (Siemens-Elema, Solna, Sweden) and
on optical disk (Quinton Electrophysiology Corp.,
Seattle, WA, USA). Electrograms were filtered at
50 to 500 Hz.

The diagnosis of typical AV nodal reentrant
tachycardia was made using established criteria.?
If AV nodal reentrant tachycardia was not inducible
in the baseline state, isoproterenol (1 to 4 pg/min)
was infused to facilitate tachycardia induction. The
electrophysiologic parameters that were measured
included AV and VA block cycle lengths, AV nodal
reentrant tachycardia cycle length, and the VA in-
terval during tachycardia measured in the high right
atrium. If isoproterenol was required to induce AV
nodal reentrant tachycardia, the electrophysiologic
variables were measured during isoproterenol in-
fusion. The high right atrial electrogram was
used for measuring the VA interval because its on-
set was more easily identifable than the onset of
the septal atrial electrogram.

To assess decremental conduction in the retro-
grade fast pathway, the VA interval during ven-
tricular pacing in the setting of sinus rhythm was
measured in the last 57 patients in the study. The
VA intervals were compared at two ventricular pac-
ing cycle lengths: 20 msec shorter than the sinus
cycle length, and 20 msec longer than the VA block
cycle length (Fig. 1).

Adenosine and Retrograde Fast Pathway Conduction 821

Study Protocol

After the presence of typical AV nodal reen-
trant tachycardia was established and the electro-
physiologic parameters were measured, each pa-
tient received a 12-mg injection of adenosine into
a femoral vein during ventricular pacing at a cy-
cle length 20 msec longer than the fast pathway
VA block cycle length. The adenosine injection
was followed immediately by injection of a 10-cc
saline bolus. If VA block occurred, ventricular pac-
ing was stopped and atrial pacing was immedi-
ately started at a cycle length 20 msec longer than
the anterograde (AV) fast pathway block cycle
length, to assess whether there was AV block in
response to the same injection of adenosine (Fig.
2). If VA block did not occur, radiofrequency ab-
lation of the slow pathway was performed. After
ablation of the slow pathway, another 12-mg bo-
lus of adenosine was injected during atrial pac-
ing at a cycle length 20 msec longer than the fast
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Figure 1. Example of how decremental conduction in the ret-
rograde fast pathway was assessed. (Top panel) The VA con-
duction during ventricular pacing at 20 msec shorter than the
sinus cycle length is 170 msec. (Bottom panel) The VA con-
duction during ventricular pacing at 20 msec longer than the
VA block cycle length is 190 msec. Surface leads V1 and II
are shown along with three intracardiac electrograms. HRA
= high right atrial electrogram; HBE = His-bundle electro-
gram; RVA = right ventricular apex electrogram.
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Figure 2. Example of VA and AV block in response to adenosine. Abbreviations as in Figure 1.

pathway anterograde AV block cycle length, to
look for AV block.

Statistical Analysis

Continuous variables are expressed as mean *
1 SD and were compared using Student’s r-test.
Chi-square analysis was used to compare the fre-
quencies of anterograde and retrograde fast path-
way block in response to adenosine. P << 0.05 was
considered significant.

Results

In response to adenosine, anterograde fast path-
way block occurred in 114 (98%) of 116 patients,
whereas retrograde fast pathway block occurred in
72 (62%) of 116 patients (P << 0.001). The base-
line AV block cycle length, VA block cycle length,
and VA interval during tachycardia were signifi-
cantly shorter in patients who did not demonstrate
retrograde fast pathway block in response to adeno-
sine than in those who did (Table 1). The mean
cycle length of AV nodal reentrant tachycardia did
not differ significantly between patients who did
and did not have retrograde fast pathway block
in response to adenosine (Table 1). The degree of
retrograde decremental conduction in the fast path-
way also did not differ between patients who did
and did not have retrograde fast pathway block
in response to adenosine (Table 1).

Fifty-eight patients required isoproterenol to ini-
tiate typical AV nodal reentrant tachycardia. Ret-

rograde fast pathway block occurred in 38 (66%)
of 58 patients requiring isoproterenol and in 34
(59%) of 58 patients not requiring isoproterenol to
induce AV nodal reentrant tachycardia (P = 0.44).

Discussion

Main Findings

The main finding of this study is that 38% of
patients with typical AV nodal reentrant tachycar-
dia did not demonstrate retrograde fast pathway
block in response to adenosine. In contrast, an-
terograde fast pathway block occurred in almost
100% of patients. Shorter AV and VA block cycle
lengths and a shorter VA interval measured dur-
ing AV nodal reentrant tachycardia were associ-
ated with the absence of VA block in response to
adenosine. Isoproterenol was needed to initiate
tachycardia in 50% of patients, but its use did not
influence the effect of adenosine on the retrograde
fast pathway. The differential response of antero-
grade and retrograde conduction to adenosine sug-
gests that the anterograde and retrograde fast AV
nodal pathways may be anatomically and/or func-
tionally distinct.

Anterograde and Retrograde Fast Pathways:
Anatomic Considerations

The concept of anatomically distinct anterograde
and retrograde fast pathways is supported by a study
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TABLE 1
Measured Electrophysiologic Parameters in Patients who
Demonstrate and do not Demonstrate Retrograde Fast
Pathway Block in Response to Adenosine

No
Retrograde Retrograde

Block Block P Value
AVBCL (msec) 374 =+ 78 M4 <0.01
VABCL (msec) 383 % 121 307 = 49 <0.001
VA Interval (msec) 3 23 41 = 17 <0.01
TCL (msec) 344 = 78 324 = 50 0.14
AVA (msec) 11 + 34 y 0.75

AVBCL = AV block cycle length; VABCL = VA block cycle
length; VA interval = VA interval during tachycardia; TCL =
tachycardia cycle length; AVA = amount of decremental VA
conduction between fast and slow ventricular pacing.

in which six patients with AV nodal reentrant tachy-
cardia underwent intraoperative ice mapping.* Min-
imal PR interval prolongation was noted after tachy-
cardia termination with cooling in the area of the
retrograde fast pathway. A large increase in the PR
interval should have occurred if the anterograde
and retrograde fast pathways were identical. In ac-
cord with the results of the present study, these data
demonstrated that the anterograde and retrograde
fast pathways are anatomically distinct.

Recent data argue against a single, anatomically
discrete retrograde pathway. Retrograde atrial ac-
tivation patterns during tachycardia and right ven-
tricular pacing were studied in 46 patients with
typical AV nodal reentrant tachycardia.’ Multiple
sites of earliest activation were noted during AV
nodal reentrant tachycardia and ventricular pacing,
and there was only 39% concordance between the
retrograde atrial activation sequences during AV
nodal reentrant tachycardia and right ventricular
pacing. Whether the variable response to adeno-
sine found in the present study can be explained
by anatomic differences in the fast pathway is
unknown.

Previous Studies with Adenosine or Adenosine
Triphosphate

In the early 1980s, Belhassen and colleagues®
reported VA block in 5 (56%) of 9 patients who
received 20 mg of adenosine-5"-triphosphate (ATP)
during right ventricular pacing. They hypothesized
that ATP could influence conduction in the retro-
grade final common pathway on some patients.
They also suggested that some patients may have
ATP-resistant retrograde conduction or perhaps ex-
tranodal retrograde pathways. Their data are in
agreement with the present study.
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Consistent with the results of the present
study, functional differences between AV nodal
slow and fast pathways also have been described.
Adenosine produced AV block more easily in the
anterograde fast pathway compared with the
slow pathway.! Curtis et al.2 examined the effect
of incremental doses of adenosine on anterograde
fast and slow pathway conduction in patients with
typical AV nodal reentrant tachycardia. Their study
showed that block in the anterograde fast pathway
consistently occurred at lower doses of adenosine
compared with the anterograde slow pathway (2.7
+ 3.0 mg vs 7.2 = 4.7 mg). Furthermore, the ef-
fective refractory period of each pathway was in-
versely correlated with the dose of adenosine re-
quired to block the pathway. Our data are similar
in that the mean AV and VA block cycle lengths
were longer in patients who demonstrated retro-
grade fast pathway block in response to adenosine.

A small study evaluated the effect of adeno-
sine on anterograde and retrograde fast pathway
conduction in 17 patients with typical AV nodal
reentrant tachycardia.” Incremental doses of adeno-
sine, starting at 0.5 mg, were given until block oc-
curred. Anterograde fast pathway block occurred with
lower doses of adenosine compared with retrograde
fast pathway block (3.4 = 1.4 mg vs 8.2 = 2.9
mg). Additionally, retrograde fast pathway block
was enhanced by intravenous verapamil, suggesting
that the retrograde fast pathway involves AV nodal
tissue. Our study did not use incremental doses of
adenosine, but instead used a single 12-mg intra-
venous injection followed by a 10-cc saline bo-
lus. This was chosen because we wanted to de-
termine the frequency of anterograde and retro-
grade fast pathway block using a clinically relevant
dose of adenosine.® The frequency of VA block
in response to a specific dose of adenosine was
not possible with the design of the prior study.’

Adenosine and Accessory Pathway Ablation

A study by Keim and colleagues® was the first
to suggest that adenosine-induced AV and VA block
after radiofrequency ablation of an accessory path-
way is a reliable indicator of a successful abla-
tion procedure. A much larger study in 116 pa-
tients confirmed their findings.'” However, the pres-
ent study demonstrates that 38% of patients will
not develop retrograde fast AV nodal pathway block
in response adenosine. Therefore, the lack of VA
block after adenosine injection is not specific for
persistent accessory pathway function after ra-
diofrequency ablation.
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Limitations

Unlike previous studies, we did not use incre-
mental doses of adenosine. Instead, a single clini-
cally relevant dose of 12 mg was used to evaluate
anterograde and retrograde fast pathway block. There-
fore, the results of this study are not applicable to
doses of adenosine higher or lower than 12 mg.

A possible limitation of this study is that the ef-
fect of adenosine on anterograde fast pathway con-
duction in some patients was assessed only after
slow pathway ablation. Because slow pathway ab-
lation may modify the properties of the fast path-
way,!! it is possible that the responsiveness of the
fast pathway to adenosine was modified by slow
pathway ablation. However, because slow pathway
ablation results in shortening of fast pathway re-
fractoriness,' it is unlikely that slow pathway ab-
lation resulted in heightened sensitivity of the fast
pathway to adenosine. Therefore, the finding that
adenosine caused anterograde fast pathway block
in 98% of patients is unlikely to have been influ-
enced by slow pathway ablation.

Clinical Implications

Adenosine almost always produces anterograde
fast pathway block, whereas it produces retrograde
fast pathway block in approximately 60% of pa-
tients. This differential effect of adenosine may re-
flect a combination of anatomic and/or functional
differences between anterograde and retrograde fast
pathways. In patients who have undergone ra-
diofrequency ablation of an accessory pathway and
still have 1:1 VA conduction, the absence of VA
block in response to adenosine does not necessar-
ily imply that accessory pathway conduction is still
present.
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