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This study investigated the possibility of terminafing recip-
rocating atrioventricular (AY) tachycardia using sub-
threshofd atrial pacing. Ten patients with a left-sided
accessary pathway and sustained AV tachycardia under-
went subthreshold atrial pacing from the coronary sinus
site closest to insection of the accessory pathway. In seven of
these patients, the tachycardia cauld be reliably terminated
with subthreshold atrial overdrive pacing. When pacing at
a cycle length of 80 + 23% of the tachycardia cycle length,
the minimal subthreshold current that was effective in
tachycardia termination was 64 = 14% of ihreshold cur-
rent and the maximal ineffective current was 49 = 17% of
threshold (p < 0.05). In all cases, the tachycardia was
terminaled by one or two instances of atrial capture that
resulted in a premature atrial impulse (20 £ 4% advance-
ment of the atrial cycle) that blecked the AV node limb of
the tuchycardia. Anterograde conduction over Lhe acces-

sory pathway never occuered, either during the tachycardia
or during subthreshold pacing after a return to normal
sinus rhythm. No instances of atrial fibrillation were pro-
voked by subthreshold pacing, Possible explanations for the
intermittent atrial capture with critically placed sub-
threshold impulses include supernormal atrizl conduction
or summation of impulses at the atrial insertion site of the
accessory pathway,
1t is concluded that subthreshold pacing is effzctive in
sefected patienis with AV tachycardia due to an accessory
pathway. Furthermore, because neither atrial fibrillation
nor anterograde conduction over the accessory pathway is
seen with subthreshold pacing. this modality may hold
signiftcant promise for permanent antitachycardia pacing
in these patients,
(4 Am Coll Cardinl 1984:11:515-21)

The initiation and termination of reentrant tachyarchythmias
have become accepted and routine precedures in the clinical
electrophysiology laboratory. In recent years, significant
investigative and industrial effort has been directed toward
finding safe and effective permanent antitachycardiz pace-
makers that could be implanted in appropriate pauents
troublesome reentrant supraventrizular (1-4) vr ventricufar
{5.6) tachyarrhythmias. lmplanted devices have included
patient-activaled (7) as well as antomatic (1-4.8) units capa-
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ble of deiivering Jiszrete single. multiple or trains of stimuli
to the appropriate cardio. chamber.

Permanent antitachycardia pacesiaking is, however, not
devoid of potential risks to the patient, especiaily the risk of
mg-induced acceleralivn of the tachycardia (8-10). This
is particularly true of pacemakers utilizing the burst pacing
mode. Another potential complication of rapid atrial pacing
in patients with the Wolft-Parkinson-White syndrome is the
ahility of ~ome accessory pathways to tolerate one to one
conduction of rapid trains of atrial stimulation or pucemaker-
induced atrial fibrillation. therehy creating the potential for
ventricutar tachycardia or fibrillaticn (8.9).

Subthreshold pacing, long a subject of interest 1o inves-
tigators perfurming in vitro and animal experiments {11-13),
has recently been of interest 10 clinical electrophysiolugisis
s well (14-16). Because of the potential of this mode of
pacing for offering safe permanent antitachycardia pacemak-

0735 1097:48/51 50


https://core.ac.uk/display/82658906?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

516 GANG ET Al

L
SUBTHRESHOLD PACING IN TERMINATING AV TACHYCARDIA

Table 1. Clinical Data and Descriptors of the Bypass Tract in 10
Patients

Bypass LRI of Pacing
Patient  Age (v} & Tract  Tachycardia  Bypass  Threshold
No Sex Site CL (ms) Tract Ims) imA)
Group |
1 28F Distal CS 300 =200 16
2 26E Distal CS 400 kL] 15
3 J0F Dista! CS 26 NA 12
4 SF Distal C§ 270 200 20
s sF Distal CS 380 s 08
6 48M Distal €S 360 <200 0.6
7 M Distal €8 40 389 12
Group It
& 33F Distal CS 58 260 07
9 4F Distal €S 435 pall 1.0
o BF Distal €8 s M 11

CL = cycle length: €5 — coronary sinus: ERP = effective refractary
period tanterogradel; k= female: Group | = paticnts whose lachycardia was
terminated by subthreshold pacing: Group H = paticnts whase tachycardia
was not terminated by subthreshold pasing: M = male: NA = nol available.

ing without the heart rate-accelerating complications of
suprathreshold pacing. we investigated the efficacy of sub-
threshold atrial pacing in terminaling recatranl 1achycardia
in 10 paticnts with a left-sided atrioventricular (AV) acces-
sory pathway.

Methods

Study patients {Table i). Ten patients were studied in the
clectrophysiology lahoratory because of an appropriate clin-
ical history. namely, troublcsome supraventricular tachy-
arrhythmias related to the probable presence of an accessory
AV pathway. To be included in the study, paticats needed to
have a reliably induced reciprocating AV tachycardia utiliz-
ing a left-sided accessory pathway. The lachycardia also
needed to be: 1) well tolerated by the paticnt. and 2) a
sustained supraventricular tachycardia, that is, lasling =5
min. The study gruup cansisted of 10 patients. 8 women and
2 men. with a mean age of 42 + 13 years. Four el d
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electrograms filtered at 30 1o 500 Hz. Recording paper
speeds were 50 and 100 mm/s.

Localization of the bypass teact. Electrophysiologic Jocal-
ization of the bypass tract was achieved in each patient using
accepled clinical electrophysiologic maneuvers (17).
Namely, pacing at several right atrial and coronary sinus
sites at several paced cycle lengths was performed and the
shortext stimulus to delta wave interval was deiermined; the
earlicst atrial activation site was located during supraven-
tricular tachycardia and during ventricular pacing. When
available, the effects of functional bundle branch block on
tachycardia rale as well as on veniriculoatrial conduction
time were also evaluated.

Pacing protecol. Before initiating subthreshold pacing,
the reliability of ter of the supi icular tachy-
cardin with suprathreshold pulses was confirmed by pacing
from 1L.e atrial site of the insertion of the bypass tract, that is,
from the elecirode pair in the coronary sinus that was jirdged
to be lusest to the bypass tract uslng lhe prevluusly listed
criteria. In addition, the g 14
period of the bypass tract was measured {in patients with a
bypass tract capable of anterograde conduction, that is, in 9
of the 10 patients) using the atrial extrastimulus technique at
a paced cycle length similar to the tachycardia cycle lengih.
All pacing was bipolar, with the more distal electrode
desigraled as Lhe cathode. Pacing pulses were rectangular in
shape and 2 ms in duration.

The late diastalic threshald of the voronary sinus pacing
site was measured at a paced rate s|m|lar to the tachycardia
rate. The recip icular tachycardia was
then initiated. When it was dpparenl that the induced tachy-
cardia was a stable and sustained rhythm, a continuous train
of subthreshold atrial stimuli was then delivered at a current
intensity of 60 to 70% of threshold current. At the onset of
the protocol, atrial pacing was performed at a rate approxi-
mately 10 1o 15 beats/min faster than the tachycardia rate.
The pacing train was maintained for 15 s and then termi-
nated. If the initial current setting resulted in termination of
the tachycardia, the tachycardia was reinitiated and the
pacing current was decreased by 10%. This was repeated

catheters were inserted percutaneously into peripheral veins
and positioned under fuoroscopic puidance into the appro-
priate intracardiac recording and stimulating sites. For the
purpose of this stidy, the most relevant electrode catheter
was the one posilioned in the zoronary sinus. This calheter
(Webhster Laboratories) was a six ta cisht pole elecirode
catheter with a 2 mm interclectrode distance and a 10 mm
distance between electrode pairs. The cathelei was inserted
from the iefi brachial vein and positioned in the coronary
sinus such that at least (hree elcctrode pairs were within the
body of the coronary sinus. Three orthogonat surface elec-
traca-diographic (ECG) leads were displayed and recorded
{Ele=tronics for Medicine, VR-12) as were the intracardiac

nntil the tact dia could no longer be terminated by a train
of subthreshold impulses. When the initial current setting
was inadequate for terminating the tachycardia. the pacing
intensity was increased by 10% and the 15 s pacing train was
repeated. The lowest current intensity required for termina-
tion cf the tachycardia with “'overdrive’ pacirg was thus
determined.

The rate of the subthreshold pacing train was also varied
in each patient. The effective subthreshald current was
always sought while pacing at the initial rate of 10 10 15
beats/min faster than the tachycardia rate; when no sub-
threshold currents were found o be effective at this pacing
rate, ld pacing was pted at several faster
pacing rates, typically with decrements of 50 ms. [n patients
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wilh successful termination of the tachycardia with <ub-
threshold pacing, several pacing rates were also tried at the
lowest current setting found to be ineffective. In two patients
(Patients 2 and 7) subthreshold stimulation rates slower than
the tachycardia rate were aiso tried at an effective sub-
threshold current setting.

Finally, in paticats with successful termination of the
tachycardia with subthreshold pacing, a second pacing site
was also tested during sustained tachycardia using the current
and pacing rate scitings found to be effective at the first pucing
site, that is. the presumed atrial site of the bypass fraci. Al the
termination of the pacing protocol. the pacing threshald was
measured again. Position of the pacing catheter was also
fluoroscopically confirmed at the end of the pacing protocol.

Statistics. Resuits of interval and current measuremests
are expressed as mean = standard deviation. We performed
1 tests for unpaired samples in comparing the tachycardia
rate. effective refractory period of the bypass tract and the
pacing threshold in Group 1 and Group [1 patients.

Results

Patient characteristics (Table 1). In all 10 paticnts who
underwent the subthreshold pacing protocol. the location of
the accessory pathway was presumed to be closest lo the
electrode pair located in the distal coronary sinus. The
bypass tract was of the “‘conccaled™ varicty in one case
(Patient 3). On the basis of their response to the subthreskold
pacing protocol, paticats were classified inte two groups:
Group 1, the seven patients whose tachycardia could be
successfully terminated with subthreshold pacing and Group
11, the three patients in whom no combination of sub-
threshold pacing currents or rates could be found to termi-
nate the tachycardia. All patients exhibiled reliably induc-
ible, sustained orthodromic reciprocating supraventricular
tachycardia. The tachycardia always incorpurated the acces-
sory pathway in its reentrant circuit; AV nnde reentrant
tachycardia was not documented in any of these patients
Also. in none of the patients was the presence of a second
accessory pathway demonstrated, although it was sought in
cach patient. The mean tachycardix cycle length was 358 =
56 ms, the mean anterograde cffective refraciory period of
the accessory pathway {when measurable) was 238 + 99 ms
and the mean pacing threshold was 1.17 £ 0.44 mA.

Mechanisms of termination of tachycardia with sub-
threshold pacing. In each of the seven Group 1 putients,
subthreshold pacing effectively and reproducibly terminated
the supraventricular tachycardia. in Group | 4 mean of 4 +
2 successful and 3 = 2 unsuccessful attempts al tachycardia
terminatian with subthreshold pacing were recorded. The
electrophysiologic events leading 10 tachycardia lermination
were remarkabiy similar in each patiemt. The following
descriptions serve s illustrations of the mechanisms in-
volved in tachycardia icrmination.
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cationd [ (Fig. [ and 2).

Termination of on orthudromic supraventricular tuchy-
caridia with a cycle length of 330 ms was performed using a
suprathreshold (twice diastolic) train of paced atrial impulses.
at o puced cycle tength of 250 ms (Fig. 1A). The lust four
QRS complexes are wide as & result of ventricular activation
ocenrring predominantly by way of a left-sided accessory
piathway. Termination of the tachycardia in this instance
occurred when, before the first wide QRS complex, a puced
atrial impulse succeeded in capturing the accessory path-
wiy. therehy interrupting a macroreentrant cireuit thut uti-
lized the accessory pathway for retrograde activation of the
atria. In Figure 1B the supraveaticular tachycardia had
been reinitinted. Earliest retrograde atrial activation {re-
corded 1 high paper speed) was always recorded in the
distal coronary sinus electrode pair (although in Fig. 1B the
mid-coronary sinus atrial electrogram was slightly curlicr
than the Hiy bundle atrial electrogram whereas the latter
actually preceded the “proximal coromary sinus™ electro-
gram: this may have been due to placement of the proximal
electrodes outside the coronary sinus). In this instance.
subthresheld gacing had been initiated from the site of
earliest atrial activation during the tachycardia, that is. from
the distal coronary sinus (CSy). Subthreshold pacing was
performed at 63% of threshold current (1.0 mA) and at «
paced eycle fength of 250 ms. The thin arrow points to the
impulse that terminated the tachycardia. The final tachycar.
dia interval measured in the right atrial electrogram was 0
ms shorter than the lachycardia cycle length. that is. 260 s,
Advancement of the last atrial impulse (marked by a thick
arrow) vecurred with a left to midline activation sequence.
Subsequent Lo termination of the tachycardia, subihreshold
pacing was continued for an additional 17 impalses 14 s}
withot af ng atrial o7 ventricular caplure. Note thal the
P wave veetor during this period of subthreshold paci
identical to the vector seen during nurma} sinus rhylam.
therehy excluding the pos- bility that the atrial rale was
someitow controlled by the subihicshold pacing. Thuy the
subthreshold nature of the pacing impulses was maintained
before and after termimation of the tachycardia.

In Fignre 2. tachyeardia termination in the same patieni
followed a stightly differom elocirophysiologic sequence.
Subthreshold pacing at the same current intensity and at the
same pacing rate was repzated during a tachycardia with a
cycle length of 300 ms. This time the last nweo (high nght
atrial} impulses during the tachycardia were advanced and
the last twy tachyvardia cycles mzasured 270 and 250 ms.
respectively, Thus. the first of these twa cycles was fore-
shortened by 30 ms and the second appears to have assumed
the subthreshold pacing cycle rate. 1t is of interest that the
first lucal capture in the coronary sinus did net advance the
right atrial ¢lectrograin, suggesting that a1 Jeast some fibers
of the accessory pathway were unaffected by this first
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Figure i. Patieot i. Termination of
raciprocating tachycardia with supra-
and subthreshold pacing. A, Conven-
tional suprathreshold atrial pacing dur-
ing orthodromic tachycardia (cycle
Tength 300 ms) terminates the tachycar-
dia during the longest cycle (345 ms) by
preferentially conducting in the antero-
grade direction aver the left-sided ac-
cessory pathway. Subsequent QRS
complexes are wide and pre-cxcited as
one to one anterograde conduction at
the paced cycle length of 250 ms oc-
curs. B, Subthreshold pacing at 63% of
threshold current is perfermed from

the distal coronary sinus (CS,) at the
same pacing rate {250 ms) during an
identical tachycardia. The last atrial

impulse during the tachycardia (thick
I.I'I'W) has been advanced 40 ms by a

lmpulse (thin arrow);
the tachycardia is terminated at the

de (AV node) limb of the cir-
cuit. See text for further details. Sur-

face leads [, aVF and V, are shown,

+ along with high right atrial (HRA), His
bundle (HBE), proximal coronary si-

subthreshold capture or that t.e pacing site was not exactly
at the site of atrial insertion of the bypass tract. Atrial
activation sequence was again preserved during the final two
rapid cycles (marked by the thick arrows). The tachycardia
terminated when pacing produced an atrial impulse that was
sufficiently premature (at 250 ms) to block within the AV
node. The coupling intervais (PS) of the subthreshold im-
pulses that produced the transient atrial capture illustrated in

ns (C , mid-coronary sinus (CS)
and right ventricular (RV) electro-
grams. The distal coronary sinus (CS;}
tracing serves as the stimulus marker.

this patient ranged from 0.65 to 0.70 of the basic PP interval
during the supraventricular tachycardia (Table 2). Devia-
tions of more than approximately 10 ms in the stimulus
coupling intervals failed to evoke atrial capture.,

Patients 6 and 7 (Fig. 3 and 4). Figure 3 shows a
termination sequence similar to that shown in Figure 1B and
was chosen to illustrate the effects of very rapid sub-
threshold pacing. During a tachycardia with a cycle length of

—mnc—l
|
Flguu 2. Patient 1. Termination of
aVF ia caused by two instances of
premature atrial capture dunng {other-
V'WVV‘W [ wise) h atrial pacing. Sub-
threshold pacing is performed using the
HRA -,JI. % % '.Il' il' ][ %ﬂrmj 2oojrrogen { ‘ same current intensity and pacing rate
T T 1 during an identical tachycardia as in
HAE W~ d i [ Ul A Al Figure 1. The last two atrial impulses
| ' | l iy | 1 1 (HRA) are foreshortened (thick ar-
CSpip—tty Mg By R Y 3] rows) and advancement of the last
O A B | 1’ | I three atrial impulses is shown in the
5, :l ' 1] e~ " ——t mid-coronary sinus electrogram. Ab-
(N [ |' [ breviations as in Figure 1. See text for
sg . ] AY \I‘ it details.
] S O U O Y |
LU L L L L L L Ml )
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360 ms, pacing at 67% of threshold current (0.4 mA) and at
a paced cycle length of 100 ms, the final tachycardia cycle
was advanced by 70 ms and folfowed by abrupt resumption
of normal sinus rhythm, again without ¢liciting further atrial
or ventricular capture.

In comprast, Figure 4 (Patient 7) shows the effects of
subthreshold underdrive pacing. During a tachycardia with a
cycle length of 400 ms, subthreshold pacing at 67% of
threshold current (0.8 mA) and at a cycle length of 500 ms
produced a marked alteration in heart rate and termination of
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the tachycardia, again without evoking a pre-excited QRS
complex. The first altered tachycardia cycle was caused by a
50 ms advancement of the atrial signal that hed on

the relative refractory period of the AV node (as evidenced
by a marked prolongation of the AH interval). The next
paced impulse appears also to have achieved atrial capture
and the atrial wave of ion blocked in the AV
node despite a PP interval that was well in excess of the
effective refractory period of the AV node (335 ms at a paced
cycle length of 500 ms). In this patient as in all Group 1
patients, suh\hrcshold atrial pacing failed to produce ventri-
cular p Ithough it caused te- inati of the
i 4 dia with itioned pre-
mature atnal sumuh Regardless of the rate of subthreshold
pacing, in none of cur patients did subthreshold pacing resuit
in the induction of atrial fibrillation or flutter.
Comparison of pacing currents and rates (Table 2). Not
surprisingly, when the minimal current intensity of the
1 pacing episodes was pared in each patient
with the imal i ity of the ) pacing epi-
sodes, a significant difference was found: the minimal suc-
cessful currents were 64 + 14% of threshold current and the
maximal unsuccessful currents were 49 = 17% of threshold

Tigure3. Patient 6, T of ia during
rapid subthreshold atrial pacing. The effect of very rapid (100 ms
cycle length) caronary sinus subthreshold pacing is shown during a
reciprocating lachycardia with a cycie length of 360 ms. A single
atrial capture (thick arrow) shortens the last atrial cycle during
tachycardia by 70 ms, thereby causing termination of the tachycar-
dia. After termination of the tachycardia, atrial capture daes not
recur. Abbreviations as in Figure {.

current (p < 0.05). Further analysis of tachycardia termina-
tion in these palients revealed that the mean subthreshold
pacing rate was 82 * 25% of the tachycardia rate and that the
mean advancement of the first altered tachycardia cycle was
20 + 4% of the tachycardia cycle length.

We looked for differences in the two groups of patients
that might accoumt for observed disparity in responses lo
subthreshold pacing. When comparing the tachycardia rate
in Group I with that in Group 11, no significaat difference was
found 1345 59 versus 387 = 44 ms, p = 0.3). Similarly. the

y penod of the accessory

pathway did not significantly differ in the two groups of
patients {264 = 68 versus 267 = 2l ms, p = 0.9). A

Table 2. El M During d
Atrial Pacing in Group l
Subthreshold Current PC.L al
(% TC)

Patient of SVT of Arial  (PSWPP)

No.  Effective Ineffective % CL) Cycle (%) Ratio
1 6 47 83 b1 0.65-0.70
2 87 n 8 18 on
3 2 29 8 2 0.7
4 75 63 2] 19 (%]
5 [3] 2 9 2 0.55-0.68
] 59 NA 2 2 .78
7 59 50 83 14 D703
Mean 6414 O=z177 8= M4 0TNxS

*p < 0.05 when compared with effective subthreshold current. For this
comparison, the results of each pacing run in each patient are used mlher than
the mean values listed in this table. CL = cycle length of sup

of atrial effective refractory periods suggested
shorter rcfractary periods in Group 1 than in Group 1l
patients (214 + 20 versus 248 = 43) but this difference did not
achieve significance. Finally, significant difference in atrial
(coronary sinus) pacing thresholds were not detectable be-
tween Groups | and 1f (1.3 = 0.5 versus 0.9 * 0.2 mA,
respectively, p = 0.2).

Discussion
Results of subthreshold atrial pacing, Our sludy provides
several new findings: 1) subthreshold alnal pacmg is an

tachycasdia; PCL = paced cycle length: PP = interval benveen successive
atrial signals, i.e., the tachycardia cycle length: PS = interval from atrial
signal to stimulus; SYT = supraventriculur tachycardia: TC = threshald
currenl (MA).

flective method of terminating recip AV year-
dia i in many panems with a teft-sided accessory pathway: 2)
ter of orth ycardia is lished by
an apparent transient atrial capture at the bypass tract pacing
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Figure 4, Patient 7. Underdrive subthreshold pacing
causing lachyca-dia termination. Pacing at a rate (120

slower than the tachycardia rate (150
beats/min} at 67% of threshold current produces two
instances of atrial (distal coronary sinus) capture 1hat
result in termination of the tachycardia. There is ab-
sence of ventricular pre-gxcitation during the captured
beats. Abbreviations as in Figure 1.

o

srle lhat inerrupts the tachycardia circuit by prematurely
g the AV node de) limb of this circuit; 3) on
termination of the tachycardia, connnuous atrial capture

1B, 2 and 3). By this explanation, impulses that were mea-
sured to be subthreshold during normal sinus rhythm may
cause Iocal atrial capiure during tachycardla when they for-

do»s not take place despite hold

Iy oceur at an appropriate time in atrial repolarization.

pacing;
an! 4) ventricular activation by way of the y path-

itability offers a p: {e explanation for our

way does not occur during brief episodes of subthreshold
pacing such as those performed in this study.

Possible mechanisms. By what mechanisms does a con-
tinuous train of discrete subthreshold stimuli elicit

observatrons in most, but not all, of the instances of tachy-
cardia termination during subthreshold pacing. In at least one
instance, however, supsrnormality cannot be invoked be-

capture of adjacent myocardial (atrial) tissue? We consid-
ered several possibilities and phenomena that could be
invoked to explain our observations.

Supernormal excitation. Supernormality refers 10 a phase
of recovery of excitability during which impuises are prop-
agated more rapidly and less current is required to reexcite
the tissue than at a later period in diastole. This phenomenon
has been d ated in isolated pr ions of the canine
bundle branch Purkinje system but may not be a property of
His bundle fibers or ventricular muscle fibers (18). A period
of supernormal excitability has alse been described in the
specialized atrial fibers of Bachmann’s bundle (19). In canine
bundle branch preparations, supernormality is voltage de-
pendent {most prominently at a phase 3 membrane voltage of
74 mV in one set of experiments §18]) and may be a normal
property of conduction tissues as well as a result of ischemic
or hypoxir injury to cardiac tissue (20). Although the exist-
ence and in vivo relevance of supernormality has been
questioned by some (20), a recent preliminary report sought
to d d y path-

ate supernormal ion in
ways with slow conduction properties (21). In our Group 1
palients, subthreshold atrial stimulation resulted in atrial
capture during tachycardia when the coupling interval of the
pacing stimulus fell within a narrow window, usually at
approximately 71% of the PP interval during tachycardia.
Also, in most instance the coupling interval of the stimulus
that reselted in atrial capture was close to the atrial effective
refractory period measured at the stimulation site.

Still another point in favor of supernormal excitability is
the absence of atrial caplure by subthreshold pacing stimuli,
that are not preceded by atrial depolarization, that is, during
the prolonged electrical diastole in normal sinus rhythm (Fig,

cause a hold™ impulse caused atrial capture even
though the impulse roupling interval was considerably longer
than the atrial effective refractary period, for example, the
second impulse in Figure 4 (during underdrive pacing).

Summation af eleclrlcal impuilses. We also considered
the el phy of ion of electri-
cal impulses has prevrously been described both in vitro and
in whole animal experimental models (11,22). Cranefield and
Hoffman (2) described a canine Purkinje fiber model in which
conduction and rr’sponsweness of a segment of lhe prepara-
tion were dep! d by ing the inh
mic agar. Stimulation from either end of the preparauon
caused minimal or no responses in the depressed segment,
but stimulation of both d a normal re-
sponse in the depressed segment of lhe preparation. Stimu-
lation of the two pacing sites need not have been simulta-
neous for impulse ion to occur, as ion was
observed over a wide range of relative timing of excitation of
the proximal and distal sites. Extrapolating from these
experimental observations to our results, one might postu-
late that slightly premalure subthreshold stimuli, when com-
bined with an arriving retrograde impulse from the accessory

y, resaized in of impulses and caused the

observed atiial capture. A problem with this explanation,
however, is the marked prematurity of the captured atrial
impulse. A'though in the clinical setiing of our study we have
no way of determining the actual atrial arrival time of the
impulse that fraverses the accessory pathway, our observa-
tion that atrizd activation was typically advanced by 30 to 50
ms makes it less plausible that the accessory pathway im-
pulses play a significant role in causing the observed atrial
capture.

Motion of coronary sinus catheter and lowering of pacing
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threshold. Two other explanations for the observed atrial
capture during subthreshold pacing were idered. First,
motion of the coronary sinus catheter during tachycardia
might have occurred and caused occasional atrial capture.
This was, however, not observed to occur spontaneously in
the absence of subthreshold pacing. Second. a mechanism
that allows for a lowering of the pacing threshold either with
changes in heart rate (that is. as a result of the tachycardia)
or as a product of several seconds of atrial pacing was
considered. This second ion has been d ated
(12) in rabbit atrial trabeculae that have been partially
depolarized by barium and by a hyperkalemic cnvironment,
A gradual decline in threshold current is seen during repet-
itive threshold of this preparati (“threshold
current | is”). Furth it hreshold
sumulatlon can result in one to one acuvanon of the prepa-
ration by causing repetitive “triggered activity.” Again,
neither of these mechanisms satisfactorily explains our ob-
servations, because on termination of the tachycardia atrial
activation ceased despite continuous subthreshold pacing.
Possible mechanisms for absence of pre-excitation during
subthreshold atrial pacing. Our results pose yet another
bl unlike suprathreshold pacing, which lenmnated
des of dia and produced ventricular p
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