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Sinus node electrogram recording in 59 patients
Comparison with simultaneous estimation ofsinoatrial
conduction using premature atrial stimulation

ALAIN JUILLARD, FRANI;OIS GUILLERM, HUNG VAN CHUONG, ANDRE BARRILLON,
ALAIN GERBAUX
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suMMARY Directly measured sinoatrial conduction time was compared with sinoatrial conduction
time assessed simultaneously by the single premature atrial stimulus technique in 59 patients: 20
with normal sinus function, 35 with sinus dysfunction, and four with sinus bradycardia but negative
indirect methods.

In patients with normal sinus function direct sinoatrial conduction time was 102.5+34 ms (mean
±2 SD) and was identical to indirect sinoatrial conduction time. Neither direct sinoatrial conduction
time in the basal and return cycle, nor post-return and basal cycle lengths were different. Sinoatrial
and atriosinus conduction durations were similar.

In sinus dysfunction direct sinoatrial conduction time (average 160±47 ms) was longer than in
normal sinus function. Prolonged direct sinoatrial conduction time may therefore be considered as a
criterion of sinus dysfunction.

In sinus dysfunction no significant correlation was observed between direct and indirect sinoatrial
conduction times. Direct sinoatrial conduction time was equal to (17 patients), longer than (12
patients), or shorter than (six patients) indirect sinoatrial conduction time. These differences can be
explained by delayed or incomplete premature depolarisation penetration into the sinus node rather
than by the classical pacemaker shift.

The significance of the data obtained by the single
premature atrial stimulus method for the assessment
of sinus node function remains uncertain. Sinoatrial
conduction time evaluated by this indirect method
depends on both atriosinus and sinoatrial conduc-
tions. I Premature atrial depolarisation may also cause
variability of sinoatrial conduction and/or sinus node
automaticity,' especially by shift of the dominant
sinus node pacemaker.23 Neither the difference bet-
ween atrial sinus and sinoatrial conduction durations,
however, nor variations of sinoatrial conduction
induced by premature atrial beat can be
assessed by indirect methods.

It is now possible to record sinus node electrical
activity in man4-6; and to study these questions, the
single premature atrial stimulus method was com-
pared with the simultaneous sinus node electrogram
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recording in patients with and without sinus dysfunc-
tion.

Patients and methods

We attempted to record the sinus node electrogram
with simultaneous sinoatrial conduction time evalua-
tion using the single premature stimulus technique in
73 patients over an 11 months period. These patients
were submitted to electrophysiological evaluation
because of paroxysmal tachycardia and/or suspected
paroxysmal atrioventricular block and/or possible
sinus dysfunction. All patients gave informed oral
consent. No cardioactive drug was administered for at
least 48 hours before the study. The sinus node elec-
trogram was not identified with certainty in 14
patients (19%), five without and nine with apparent
sinus dysfunction.
The remaining 59 patients (29 male and 30 female,

mean age of 66 years, range 14 to 92 years), were
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included in this study. These patients were divided
into three groups.

In group A (20 patients) sinus function was appar-
ently normal; standard electrocardiogram and 24 hour
continuous electrocardiograms showed no sinus
bradycardia (sinus rate was faster than 60/min except
during sleep) and no sinoatrial block (no missing P
wave); the zone of reset was horizontal, indirect
sinoatrial conduction time was 130 ms or less with the
single premature atrial stimulus method and with the
constant atrial pacing technique, and the longest cor-
rected sinus node recovery time was shorter than 530
ms. The 20 patients in group A were submitted to
electrophysiological evaluation because of paroxysmal
ventricular or junctional tachycardia (five patients),
paroxysmal second degree atrioventricular block (two
patients), or bifascicular bundle-branch block (13
patients).

In group B (35 patients) sinus dysfunction was
indicated by the finding of a chaotic zone of reset (six
patients), and/or increased indirect sinoatrial conduc-
tion time estimated by the single premature atrial
stimulus method (26 patients) and/or the constant
atrial pacing method (27 patients), and/or prolonged
corrected sinus node recovery time (18 patients).

In group C (four patients) permanent sinus
bradycardia was associated with negative indirect
methods for assessment of sinus node function.
A 6 or 7 French quadripolar electrode catheter

(with ring electrodes 10 mm apart) was inserted into
the femoral vein and advanced to the superior vena
caval-right atrial junction, as previously
described-6 The distal electrode pair was used to
capture the sinus node, and the proximal electrode
pair to record high right atrium activity. The record-
ings were made using an Elema Schonander Siemens
Mingograph at a paper speed of 50 mm/s. Both signals
were displayed with the same high amplification (50 to
100 ,uV/cm) and low pass filter setting (time constant
=0.5 s).
A 6 or 7 French USCI bipolar electrode catheter

was inserted into the femoral vein and positioned at
the upper free wall of the right atrium for pacing with
0.5 ms duration stimuli, twice the threshold, by
means of a Savita orthorhythmic pacemaker.

Sinus node function was studied by three indirect
methods similar to those already described.7-9 Cor-
rected sinus node recovery time was the difference
between return (after prolonged atrial pacing for 30
seconds) and basal cycle lengths; these procedures
were repeated in every patient at the consecutive pac-
ing rates of 90, 110, 130, and 150/min with a free
interval of two minutes before each pacing period.
Sinoatrial conduction time estimated by the constant
atrial pacing method was half the difference between
return (after a train of seven consecutive paced beats

Juillard, Guillerm, Chuong, Bamillon, Gerbaux

of 900/o prematurity) and basal cycle lengths. The
sinus node function curve (x=test cycle length,
y=return cycle length) was assessed using single pre-
mature atrial depolarisations every eight spontaneous
sinus beats with 5% increments in prematurity from
95% to the atrial refractory period; reset was defined
to occur when the sum of the test cycle and return
cycle was less than the sum of two spontaneous sinus
cycles.

Subsequently single premature atrial depolarisa-
tions were delivered in the middle of the reset zone
while looking for and recording the sinus node elec-
trogram. The sinus node electrogram was identified
using the morphological criteria previously described
by Castillo-Fenoy et al .4 and Reiffel et al. 6: the sinus
node electrogram was a smooth low frequency
upstroke slope that began before and merged into the
atrial wave. The absence of constant preatrial waves
on the proximal electrode pair lead indicated that the
sinus node electrogram was localised. The variation of
the Q wave-sinus node electrogram after premature
depolarisation confirmed the lack of relation between
the preatrial signal and ventricular activity (Fig. 1 to
4).

In the 59 patients basal, return and post-return
cycle lengths were measured (in ms). Indirect sinoat-
rial conduction time estimated by the single prema-
ture atrial stimulus method was half the difference
between the return and basal cycle length during
sinus node electrogram recording (Fig. 3). Direct
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Fig. 1 Sirmltaneous recording oflead I (1), sinus node (S),
and high right atrinum (A) duing spontus rhythm (Al),
premature atrial depolarisation in zone of reset (A2), and return
cycle (A3). Sti, stimulhs. The sinus node electrogram (Si, S3)
was a smooth upstroke slope which began before and merged into
theA wave. In spite ofa nild baseline dnft no constant preatial
waves were seen in lead A; this preatnal signal was obtained
only when the catheter was close to the sinus node area. The
lengthening ofR wave-sinus node electrogram interval after
premature depolansation coirmed the lack ofrelation between
the recorded potntial and ventriclar activit. In this paient
with normal sinus function, the direct sinoatrial conduction time
was 100 ms in the basal and retun cycle and was equal to the
indirect sinoatrial conducion time.
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Sinus node electrogram in 59 patients
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Fig. 2 Simultaneous recording oflead I, sinus node (S), and high right atrium (A) kads. STI, stimulus in zone ofreset. In spite ofa
mild baseltne dnft no constant preatnal waves were seen in lead A. In this panent with sinus dysfunction the direct sinoatnal
conduction time was 180 ms in the basal cycle and 190 ms in the return cycle; itwas longer than the indirect sinoatrial conduction time
(130 ms); the basal (800 ms) and return (780 ms) cyck lengths were nearly the same. The indirect methodfailed to indicate the
sinoatrial conduction delay. Sinus node penetration by premature atrial depolansaton mght have been tncomplete.

2... ii.4

dli,tt s oatist conduction timt.

Fig. 3 Measurements. Simultaneous recording of lead I, sinus node (S), and high right atrium (A) leads. Sti, premature atrial
stimulus in zone of reset. In lead A intermittent preatrial waves were noticed, the ongin ofwhich is ditficult to assess because of the
baseline drift; the preatrial signals, hoevever, disappeared with mnild shifting ofthe catheter and were obtained only when the catheter
was close to the sinus node area. Direct sinoatrial conduction time was measuredfrom the begitnning of the upstroke slope of the sinus
node electrogram (s) to theA wave onset (a) for the basal (slal) and return (s3a3) cycles. Basal (bc), retum (rc), and post-return (prc)
cycle lengths were measured. Indirect sinoatnal conduction time estimated by the single premature atrial stimulus method was halfthe
difference between rc and bc. Dominant sinus node pacemaker shift was assessed by the comnparison between prc and bc.

sinoatrial conduction time was measured using the
methods of Reiffel et al.6 and Castillo-Fenoy et al. 4 in
the basal and in the return cycle from the beginning of
the upstroke slope of the sinus node electrogram to

the A wave onset in the same lead, as shown in Fig. 3.
The direct and indirect measurements were done sep-
arately by two different observers. The onset of the
sinus node electrogram was often difficult to define
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Fig. 4 Simultaneous recording oflead aVR (VR), sinus node(S), and high right atrium (A) kads. The preatrial waves observed in
S were not related to ventricular activity: Q wave-preatrial signal onset interval was longer afterpremature atrial depolarisation than
during sinus rhythm. In opposition in A the interval between the Q waves and the preatrial waves (which were internnittent) was the
same in the retun as in the other cycles: these waves did not originate within the sinus node.

precisely; the interobserver differences, however, in
the direct sinoatrial conduction time measurement
were 10 ms or less in most of the patients and never
exceeded 20 ms.
Means were evaluated and compared using the t

test. In every group or subgroup either direct or indi-
rect sinoatrial conduction times, and direct sinoatrial
conduction time in the basal and in return cycle were
compared using the t test for paired values and regres-
sion analysis. Dominant sinus node pacemaker shift
was evaluated by the comparison between the post-
return and basal cycle length2 10 11 using the t test and
regression analysis. Atriosinus conduction could be
indirectly estimated from these different data. Inci-
dences of sinus bradycardia and prolonged corrected

S...,

..

sinus node recovery time were compared using x2
test.

Results

(1) VALIDATION OF SINUS NODE ELECTROGRAM
In the 59 patients included in this study, the sinus
node origin of the preatrial wave was demonstrated by
the following criteria.
The signal was constant over several recording

zones and was present only when the electrode pair
was close to the sinus node area (Fig. 1 to 4). There-
fore the recorded wave was not related to a baseline
drift, which was the most frequent source of failure of
the method.

CvOtd ilmus Masage
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Fig. 5 Simulaneous recordingoflead II, sinus node (S), and high right atnum (A) leads before and duringcarotid sinus massage.
Carotid massage induced a lengthening of both sinus cycle and direct sinorial conduction time; Q wave-sinus node ekctrogram
(arrows) inrval gets longer.
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Fig. 6 Simultaneou recording of leads I, II, and III, and sinus node lead during (panel A) and after (panel B) atrial standstill,
winch was provoked by overdrive suppression. During spontaneou rhythm (panel B) sinoatrial conduction was one to one. During
atrial standstill (panel A) the interval between the sinus waves (arrows) got a littl longer and a sinus wave was blocked (star) and
followed by ajuncuonl escape. Paper speed, S mm/s.

The interval between the Q wave and preatrial wave which confirmed the sinus origin of the recorded
onset became prolonged after premature atrial potential (Fig. 5 and 6).
depolarisation in the reset zone (Fig. 1 to 4). Thus
there was no relation between the preatrial wave and (2) PATIENTS WITH NORMAL SINUS FUNCTION
ventncular activity. (GROUP A)

In addition, it was possible in some patients to The main data are summarised in Table 1.
---4minduce (using vagal stimulation or overdrive suppres- Direct sinoatrial conduction time was 1025±34m

sion) a block between these signals and A waves, (mean ±+2 standard deviations), range 70 to 130 ins.
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Table 1 Results in patients withut apparent sinus dysfuanction
(group A)
Case No. DSACT BC DSACT RC BC PRC SACTS

(ms) (ms) (ms) (ms) (ms)

1 90 90 590 590 100
2 100 110 800 780 100
3 90 110 890 890 90
4 100 110 720 700 100
5 120 140 820 840 110
6 130 140 850 860 120
7 110 110 970 960 110
8 130 120 710 700 130
9 80 80 730 750 95
10 120 140 920 900 120
11 100 100 800 800 100
12 90 90 820 840 80
13 100 100 600 620 100
14 80 80 580 560 70
15 70 70 880 900 70
16 120 120 940 1000 120
17 100 100 710 740 105
18 120 120 860 860 105
19 90 90 880 860 90
20 110 110 820 840 110

Mean 103 107 794 800 101
SD ±17 +20 ±114 ±116 ±16

BC, basic cycle length; DSACT BC, direct sinoatrial conduction time
in the basal cycle; DSACT RC, direct sinoatrial conduction time in
the return cycle; PRC, post-return cycle length; SACTS, sinoatrial
conduction time assessed by the single premature atrial stimtllus
method.

No significant difference was observed between
direct and indirect sinoatrial conduction times. A
significant linear relation was found between these
two variables (Fig. 7a); the relation between the direct

DSACT ms DSA

N=20
r =0-91

DSACT = 3-5+0-98SACTS
p < 0 001 200-

100-

V a SACTS

Juilard, Guillerm, Chuong, Bamillon, Gerbaux

(DSACT in ms) and indirect (SACTS in ms) sinoatrial
conduction time could be expressed as:
DSACT=3-5 + 0-98 SACTS (N=20, r=0-91,

p<O.001).
The difference between the direct and indirect sino-
atrial conduction time was never in excess of 20 ms.
No significant difference was observed in direct

sinoatrial conduction time between the basal and
return cycle. There was a significant linear relation
between these two values (N=20, r=0-91, p<0-001).
No significant difference was observed between

basal and post-return cycle lengths. A significant
linear relation was found-between these two values
(N=20, r=0-98, p<0-001).

(3) PATIENTS WITH SINUS DYSFUNCTION (GROUP
B)
The main data are summarised in Table 2.
The mean direct sinoatrial conduction time

(160+47 ms) was significantly longer than in group A
(p<0-001).
No significant correlation was observed between

direct and indirect sinoatrial conduction times
(N=35, r=0-24, NS) (Fig. 7b).

Direct sinoatrial conduction time did not differ
significantly for the basal or return cycle. There was a
significant linear relation between these two values
(N=35, r=98, p<0001).
The post-return cycle was longer than the basal

cycle. The difference between them was 19±+33 ms
(p<0'0l).

LCTms

r =O-24 * 0

NS 0@ .9
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a) NORMAL SINUS FUNCTION b) SINUS DYSFUNCTION

200 300 ms

Fig. 7 Correlation between the direct and indirect sinoatrial conduction tme: (a) in patients with normal sinus function; (b) in
patients with sinus dysfunction. DSACT, direct sinoatnal conduction time; SACTS, indirect sinoatrial conduction time estimated by
the singk premature atrial sttmulus method.
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Sinus node electrogram in 59 patients

Table 2 Results in patint with sinus dysfunction (group B)

Case No. DSACT BC DSACT RC BC PRC SACTS
(ms) (ms) (ms) (ms) (ms)

(a) Subgroup BI
1 100 110 900 920 110
2 110 110 860 860 100
3 220 240 1100 1150 210
4 140 140 660 660 140
5 170 190 1080 1160 155
6 190 180 1220 1240 190
7 220 220 850 900 210
8 140 140 800 790 120
9 150 150 880 890 150
10 120 120 920 940 135
11 190 190 1360 1380 180
12 240 240 1420 1480 255
13 150 150 980 970 160
14 200 200 940 920 200
15 100 100 820 830 100
16 150 150 1000 970 150
17 180 180 1300 1330 170

(b) Subgroup B2
18 200 180 940 990 140
19 250 250 930 950 135
20 150 170 1010 980 75
21 100 100 800 810 65
22 140 140 850 850 65
23 200 200 1140 1150 145
24 180 190 800 780 135
25 180 180 720 730 145
26 230 230 1300 1300 40
27 140 150 940 1050 110
28 190 200 1510 1470 145
29 230 230 1140 1180 160

(c) Subgroup B3
30 130 150 1030 1060 210
31 120 130 650 650 165
32 90 100 720 750 160
33 100 90 760 800 150
34 90 80 740 830 150
35 110 110 740 760 300

Mean 160 162 966 995 151
SD ±47. ±48 ±221 ±223 ±50

(a) Patients with similar direct and indirect sinoatrial conduction
times; (b) patients with longer direct than indirect sinoatrial
conduction times; (c) patients with shorter direct than indirect
sinoatrial conduction times.
For abbreviations see Table 1.

81
Table 3 Rsuls in patiens with sinus bradycardia but normal
indirect data (group C)
Case No. DSACT BC DSACT RC BC PRC SACTS

(Ms) (ms) (ms) (ins) (ms)

1 100 100 1080 1100 120
2 180 190 1010 1060 90
3 130 130 1050 1060 130
4 200 220 1210 1220 110

For abbreviations see Table 1.

t=2*47, p<0.05) and B3 (35+30 ms, N=6, t=2*84,
p<0.05), but not in subgroup B2 (13 +40 ms, N= 12,
t=1-15).
These sinus cycle variations did not differ

significantly between subgroups Bi and B2 (t=036),
between subgroups BI and B3 (t= 1-15), or between
subgroups B2 and B3 (t= 1-32).
The incidence of sinus bradycardia (7/17 patients in

subgroup BI versus 5/12 patients in subgroup B2) did
not differ significantly in, the two subgroups (p!<O. 1).
Corrected sinus node recovery time was more often
prolonged in subgroup BI (12/17 patients) than in
subgroup B2 (4/12 patients) (X2=3-88, p<0.05). The
number of patients in subgroup B3 was considered
too small for this x2 analysis.

(4) PATIENTS WITH SINUS BRADYCARDIA BUT
NORMAL INDIRECT DATA (GROUP C)
The data are summarised in Table 3.

In two patients the direct sinoatrial conduction time
was 130 ms or less and identical to the indirect sino-
atrial conduction time. In the other two patients the
direct sinoatrial conduction time was prolonged and
much longer than the indirect sinoatrial conduction
time. The post-return cycle was longer than the basal
cycle. No important difference of direct sinoatrial
conduction time was observed between the basal and
return cycle.

Discussion

Group B was divided into three subgroups: B1
made up of 17 patients with similar direct and indirect
sinoatrial conduction times (no significant difference),
B2 made up of 12 patients in each of whom the direct
sinoatrial conduction time exceeded the indirect time
by more than 20 ms (p<0.001), B3 made up of six
patients in each of whom the direct sinoatrial conduc-
tion time was shorter than the indirect time (p<0.001)
by more than 20 ms (Table 2, Fig. 7b).

Direct sinoatrial conduction time was not
significantly different between the basal and return
cycle in each of the subgroups.
The post-return cycle was longer than the basal

cycle in all the subgroups. This difference was
significant in subgroups BR (18+30 ms, N=17,

The catheter technique for sinus node electrogram
recording was described in 19794 and has been used
by several other investigators.5 6 12-14 The sinus node
origin of the signal was demonstrated by the follow-
ing. The preatrial waves looked like the sinus node
electrograms recorded in the intact dog.45 These
signals were found only when the catheter was close to
the sinus node.46 No relation was observed between
these potentials and ventricular activity4 (Fig. 4). In
addition, carotid sinus massage and/or overdrive sup-
pression could induce a block between these electro-
grams and A waves,4S13 as shown in Fig. 5 and 6.

Sinus node electrograms may be difficult to obtain,
however, especially when the sinus rate is fast (and
the T wave is close to the A wave) and when the
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baseline drifts considerably. In the present study a
sinus node electrogram was obtained in 80% of the
patients. Reiffel et al.6 obtained it in 83% and Gomes
et al. 13 in 64% of the cases. In addition, the onset of
the sinus node electrogram is often gradual and
difficult to define; the interobserver differences in
direct sinoatrial conduction time remain, however,
slight6 and do not exceed 20 ms, but explain that a
faster than 50 mm/s paper speed is not necessary.
The finding of a normal mean direct sinoatrial con-

duction time of 102-5 ms (range 70 to 130 ms) is in a
similar range to those already reported.461314 In con-
trast, much shorter values than ours have been
described,s but only four of those patients in whom a
sinus node electrogram was recorded were more than
14 years old. In addition, the indirect sinoatrial con-
duction time in normal subjects was found to vary
considerably between studies.' This discrepancy
might therefore be explained by the difference be-
tween the populations studied. Furthermore, in the
present study the point of departure of the upstroke
slope of the sinus node electrogram was determined
using the method proposed earlier.46 With this latter
method, the onset of the measured interval is usually
earlier than with the other technique.5

In accordance with previous studies13 14 direct
sinoatrial conduction time was longer in sinus dys-
function that in normal sinus function. A prolonged
direct sinoatrial conduction time seems therefore to be
a criterion of sinus dysfunction.

In recent works the correlation between the direct
and indirect sinoatrial conduction time was found to
be either good611-13 or absent.14 In those studies,
however, sinus cycle length and therefore sinoatrial
conduction duration might have been different for
one method and the other.1s Important variations in
the direct sinoatrial conduction time can be seen at
different times during the same investigation.4 This
problem was avoided in the present study as the two
methods for sinoatrial conduction time assessment
were performed simultaneously.

In normal sinus finction (group A), as we found pre-
viously in 10 patients,15 direct and indirect sinoatrial
conduction times were identical. Their excellent cor-
relation seems to confirm the hypothesis of Strauss et
al.9 Return cycle is the sum of atriosinus conduction
plus sinus return cycle plus return sinoatrial conduc-
tion (Fig. 8). The basal and post-return cycle lengths
did not differ significantly. This fact seems to indicate
that atrial premature depolarisation did not cause
significant sinus cycle variations or a significant shift
of the dominant sinus node pacemaker21011 Thus,
sinus return cycle duration appears to be nearly the
same as basal cycle length, and the difference between
return and basal atrial cycle lengths seems to be equal
to atriosinus plus sinoatrial conduction durations.

Juillard, Guillerm, Chuong, Bamllon, Gerbaux

Direct sinoatrial conduction time was found to be
equal to half this difference, and to be identical in the
basal and in return cycle. Thus atriosinus and sinoat-
rial conduction durations seem to be similar.

In contrast to our results, other workers3 16 17using
microelectrodes in the rabbit found that atriosinus
conduction duration was shorter than sinoatrial con-
duction duration; therefore the indirect sinoatrial
conduction time was shorter than the true sinoatrial
conduction duration. The reason for the delay be-
tween sinus node dominant pacemaker activation and
sinus node electrogram onset is still unanswered, and
the direct sinoatrial conduction time might be shorter
than the true sinoatrial conduction duration. In those
animal studies, however, the prematurity of stimula-
tion was insignificant, whereas in the present study
the premature atrial depolarisations were delivered in
the middle of the reset zone; now atriosinus conduc-
tion duration became longer with increasing pre-
maturity17; and during constant overdrive in the rab-
bit, atriosinus conduction duration was found to be
even longer than sinoatrial conduction duration.18 In
addition, the differences between our results and
those of most earlier animal works might be related to
the presence in the rabbit of an anatomically indi-
vidualised sinoatrial junction19 which has never been
observed in man.
In sinus dysfiuction (group B) no correlation was

found between direct and indirect sinoatrial conduc-
tion times. Compared with indirect time, direct
sinoatrial conduction time was nearly the same in 17
patients (subgroup Bl), but was longer in 12 patients
(subgroup B2) and shorter in six (subgroup B3). The
single premature atrial stimulus technique for sinoat-
rial conduction time assessment therefore appears to
be unreliable in patients with sinus dysfunction.

Direct sinoatrial conduction time did not differ
between the basal and return cycle, either for group B
as a whole or in each of its subgroups. Thus, the

Si Si S2 S3 S4 S P M

I\ R A
Al Al A2 A3 A4

Fig. 8 Patents with normal sinus fiunction: atriosinus and
sinoatrial conduction durations are similar. Arrows indicate the
onset ofdepolarisation in the sinus node pacemaker (SPM) for
basal (1), return (3), and post-return (4) cycles, or in the right
atiumn (RA) for paced cycle (2). S, sinus node pacemaker
depolarisation; A, atrial depolarisation onset; SN, sinus node.
A3A4 was approximately equal to AIAI, therefore S2S3 was
held to be close to AIAI . SIAI and S3A3 were identical and
SIAI was equal to halfthe difference between A2A3 and AIAI
Thus, SIAI and A2S2 seem close.
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Sinus node electrogram in 59 patients

discrepancies between the two methods
to result from atrial premature depolarisat
variations in sinoatrial conduction.

In group B the post-return cycle was
the basal cycle. The premature depolarisa
zone appeared to induce routinely a cent
of the dominant sinus node pacemaker.
cycle length variations, however, did nc
tween one subgroup and another. Theref
of the groups' inhomogeneity) the discre
tween the methods cannot be explained
shift of the dominant sinus node pace]
sinus node penetration by premature depc
questionable.

In patients with longer indirect than
atrial conduction time, atriosinus condu
have been delayed (Fig. 9).

In patients with shorter indirect than
atrial conduction time (Fig. 10), sinus nc
tion by premature depolarisation could
incomplete (with electrotonically induce
of sinus node pacemaker activity), as Bc
previously noticed in the rabbit. Correcte4
recovery time was more often prolonged
BI than in subgroup B2. This difference n
explained by incomplete sinus node pene
ing rapid atrial pacing in subgroup B2,
the rabbit by Kerr and Strauss.

In subgroup B3 all the patients had n4
but prolonged indirect sinoatrial conduct

Si Si S2 S3

l . I

\ Sti
Al Al A2 A3

Fig. 9 Patients with shorter direct than indir,
conduction time (subgroup B3). Same abbrevia
SIAI and S3A3 were identical. The variation i

the basal to post-return cycle was similar in pat
direct sinoatrial conduction time was equal to, I
shorter than indirect sinoatrial conduction time.
conduction might have been delayed.

Si Si S3

e
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Fig. 10 Patients with longer direct than indi
conduction time (subgroup B2). Same abbrevw
The same reasoning as in Fig. 9 kads to the co
node penraton by premature atnial depolariss
been incpkte with ekctrotonically induced E
node paemaker activity.

ect

of

.A

do not seem
ion-induced

longer than
ttion in reset
trifugal shift
2 The sinus
)t differ be-
ore (in spite
ipancies be-
solely by a
maker, and
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this case the question of false positive results with the
indirect method is still to be answered.

Prolonged direct sinoatrial conduction time was
associated with normal indirect sinoatrial conduction
time assessed by the single premature atrial stimulus
method in six patients (four in subgroup B2 and two
in group C). In these patients the single premature
atrial stimulus method failed to indicate any sinoatrial
conduction delay.

Conclusions

larisation is In normal sinus function direct and indirect sinoatrial
conduction times were identical. Premature atrial

direct sino- depolarisation in zones of reset seemed to induce
iction might neither variation of sinoatrial conduction nor impor-

tant dominant sinus node pacemaker shift. Atriosinus
direct sino- and sinoatrial conduction durations seem to be simi-
)de penetra- lar.
have been In sinus dysfunction directly measured sinoatrial

d variations conduction time was overestimated in 17% of the
)nke et al.20 patients and underestimated in 37% of the patients by
d sinus node the single premature atrial stimulus method. The dis-
in subgroup crepancies between the direct and indirect method for
night also be sinoatrial conduction time assessment can be
!tration dur- explained by delayed or incomplete premature
as shown in depolarisation penetration into the sinus node rather

than by the pacemaker shift.
ormal direct The only data which can be used for assessment of
ion time. In sinus node pacemaker shift concern the post-return

but not the return cycle. Atriosinus conduction can-
not be estimated by indirect methods. Therefore sinus

S4 SPM node electrogram recording seems to be the more
S* M suitable method for the evaluation of sinoatrial con-
\ SN duction, especially in sinus dysfunction. Since a sinus

R A node electrogram proved doubtful or unobtainable,
A4 however, in 19% of our patients, improvements are

yet to be made in the method of recording sinus node
n as t Fig. 8. electrical activity.
sinus ratefrom A prolonged direct sinoatrial conduction time
nt in whom seems to be an indicator of sinus dysfunction. Further
iger than, or studies are needed to determine the clinical and prog-
ktnosinus nostic value of such a finding.
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