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Abstract
Objective—To evaluate the incremental antifibrillatory eVect of multisite atrial pacing compared
with right atrial pacing in patients with drug refractory paroxysmal atrial fibrillation paced for
arrhythmia prevention alone.
Methods—In 20 of these patients (mean (SD) age 64 (8) years; 14 female, six male), a single
blinded randomised crossover study was performed to investigate the incremental benefit of one
month of multisite atrial pacing compared with one month of right atrial pacing. Outcomes
included the number of episodes of paroxysmal atrial fibrillation, their total duration obtained
from pacemaker Holter memory, and quality of life using a cardiac specific questionnaire (the
modified Karolinska questionnaire).
Results—Comparing right atrial with multisite atrial pacing, there was no significant change in
either the number of paroxysmal atrial fibrillation episodes (mean (SD): right atrial pacing 77
(98) episodes v multisite pacing 52 (78) episodes, NS) or their total duration (right atrial, 4.8
(5.4) days v multisite, 6.3 (9.8) days, NS). Quality of life scores compared with baseline status
were equally improved by either pacing strategy (mean percentage improvement: right atrial,
38%, p = 0.003; multisite, 44%, p = 0.003). There was no significant diVerence in life scores
comparing the two pacing modes.
Conclusions—Multisite atrial pacing has no incremental antiarrhythmic eVect compared with
right atrial pacing in patients paced for drug refractory paroxysmal atrial fibrillation. Quality of
life is equally improved with either pacing strategy, with no diVerences between them.
(Heart 2001;85:48–52)
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Multisite atrial pacing is the technique of
simultaneous activation of both the high right
atrium and the inferior right atrium at the cor-
onary sinus ostium. It has been reported that
this pacing technique may improve symptoms
of atrial fibrillation in patients requiring
pacemaker implantation for conventional indi-
cations, when compared with either their base-
line status or with a period of lone right atrial or
coronary sinus ostial pacing. Furthermore it
has been suggested that multisite atrial pacing
may allow the discontinuation of warfarin in
some patients.1 2

However, multisite pacing has not been
assessed or compared with right atrial pacing in
patients undergoing pacemaker implantation
for arrhythmia prevention alone. Furthermore
no assessment of this pacing technique on
either quality of life or its eVect on suppressing
asymptomatic paroxysmal atrial fibrillation
episodes has been made. The accurate detec-
tion of paroxysmal atrial fibrillation is impor-
tant, as studies have suggested that 50% of epi-
sodes may be asymptomatic in fibrillating
patients and yet still cause embolic events.3

Therefore continual Holter monitoring
(through a pacemaker) is required for a reliable
record of the presence or absence of paroxys-
mal atrial fibrillation.

To investigate these issues further we have
performed a study in a group of patients with
drug refractory paroxysmal atrial fibrillation.
Our aim was to assess the incremental benefit of
multisite atrial pacing compared with right atrial

pacing by changes in quality of life and arrhyth-
mia frequency. Monitoring for paroxysmal atrial
fibrillation was through continual monitoring of
intracardiac signals by the pacemaker.

Methods
PATIENT POPULATION

Twenty patients (mean (SD) age 64 (8) years;
14 female, six male) were given a multisite
atrial pacemaker for symptomatic paroxysmal
atrial fibrillation that had failed to respond to
drug treatment. Pacemaker implantation was
for arrhythmia prevention alone in all cases; no
patient had other indications for pacing. The
patients had at least three episodes of sympto-
matic paroxysmal atrial fibrillation a week, and
had been symptomatic for 7.8 (6) years (mean
(SD)). A mean of 2.8 (1.6) antiarrhythmic
drugs (amiodarone in 14) had failed to control
their symptoms. Antiarrhythmic and atrioven-
tricular nodal modifying drugs remained un-
changed during the follow up period and for
the month (three months for amiodarone)
before pacemaker implantation. The local eth-
ics committee approved the study and all
patients gave informed written consent.

The aetiology of the paroxysmal atrial fibril-
lation was ischaemic heart disease (n = 3),
dilated cardiomyopathy (n = 1), hypertension
(n = 2), and lone (n = 14). Left ventricular
dimensions from M mode and cross sectional
echocardiographic imaging were: systolic di-
ameter, 35 (9) mm; diastolic diameter, 50 (9)
mm; and fractional shortening, 32 (6)%. Left
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atrial diameter on M mode echo was 36 (4.5)
mm (range 27–43 mm).

All patients had a DDDR pacemaker im-
planted (Chorum, ELA Medical, Paris,
France). Leads were placed in the high right
atrium (right atrial appendage), right ventricu-
lar apex, and at the coronary sinus ostium
using an active fixation lead. Both atrial leads
were connected through a Y adapter to the
atrial port of the pacemaker, with the coronary
sinus lead acting as the anode and the right
atrial lead as the cathode. In this way unipolar
atrial pacing provides right atrial pacing only,
whereas bipolar pacing causes simultaneous
biatrial pacing.

The pacemaker was programmed to DDDR
with a base rate 70 beats/min and upper rate of
85% of target heart rate (220 − age). The
mode switch was activated. Atrial sensing was
programmed to maximum sensitivity (0.4 mv)
to facilitate detection of paroxysmal atrial
fibrillation episodes unless there was inappro-
priate ventricular sensing at this level. Far field
sensing was tested for by examining the atrial
intracardiac and marker channels (atrial and
ventricular markers both shown) for two
minutes in the supine and erect position for
each patient for the programmed atrial sensi-
tivity. The postventricular atrial blanking pe-
riod was left at the default setting of 162 ms. At
the end of each period, satisfactory atrial sens-
ing and pacing was confirmed. The atrioven-
tricular delay was programmed to allow intrin-
sic ventricular conduction.

Continual multisite atrial pacing was
achieved by the use of an atrial resynchronised
algorithm—a triggered algorithm. This oper-
ates as follows: if the patient’s own intrinsic
heart rhythm was slower than the pacemaker’s
sensor rate, both atrial sites would be paced
simultaneously; however, when the patient’s
own heart rate was faster than that of the pace-
maker sensor, the resynchronised algorithm
would ensure multisite atrial pacing. This
works by sensing from either lead and causing
near immediate pacing (3 ms delay) of both
leads when any atrial activity is detected. In
practice the site where atrial activity is sensed
first leads to triggered pacing into the refrac-
tory period at this site but to earlier activation
at the other atrial site compared with normal
intrinsic conduction.

PROTOCOL

Patients were randomised to either right atrial
or multisite atrial pacing for one month and
then crossed over to the other pacing mode for
a further month. Patients were blinded to
pacemaker programming.

MONITORING FOR ATRIAL FIBRILLATION

After each one month period the pacemaker
Holter monitors were interrogated and then
reset. This gave information on the number of
separate episodes of paroxysmal atrial fibrilla-
tion (limited to a maximum of 510), the total
duration of all these episodes (time pacemaker
in fallback mode), and the stored intracardiac
signal of the last eight episodes, allowing
confirmation of paroxysmal atrial fibrillation.

Percentage time of atrial pacing while in sinus
rhythm was also recorded.

Mode switching occurs in response to
non-physiological atrial acceleration. The Cho-
rum device is able to diVerentiate between nor-
mal sinus activity and premature atrial com-
plexes. This is achieved by the use of a
WARAD (window of atrial rhythm acceleration
detection) algorithm. The WARAD is a period
starting with an atrial event, which lasts for
62.5% of the preceding sinus interval for slow
sinus rates (< 80 beats/min), and for 75% of
the sinus interval for higher sinus rates. Normal
sinus activity is defined as an event occurring
outside the WARAD. A premature atrial com-
plex is an atrial event detected within the
WARAD. On sensing a premature atrial
complex, the Chorum pacemaker recycles the
atrial escape interval to 500 ms from the
premature atrial complex. If no further atrial
events are detected by the end of the atrial
escape interval the atrium is paced with an
atrioventricular delay of 109 ms. However, if an
atrial event is detected in the atrial escape
interval, the pacemaker switches to a phase of
suspected atrial arrhythmia. A short atrioven-
tricular delay of 31 ms is initiated, with
ventricular tracking limited to 120 beats/min
(or lower if upper rate is lower). The WARAD
is fixed during the suspicion phase and recycled
after every atrial activity. The pacemaker
counts for 32 cycles for arrhythmia confirma-
tion. Atrial arrhythmia is confirmed if either 28
of the last 32 atrial cycles (good sensing of the
arrhythmia), or if 18 of the last two groups of
32 cycles (poor atrial sensing) fall within the
WARAD. Upon confirmation of atrial arrhyth-
mia, the device mode switches to VDI.

QUALITY OF LIFE

This was assessed with a cardiac specific ques-
tionnaire that has been validated for pacemaker
patients4—the modified Karolinska question-
naire. Patients were asked to grade their
response between 0 (no symptoms) and 10
(severe symptoms) to a series of questions on:
chest pain (total score 0–40), palpitations
(0–30), dizziness (0–20), shortness of breath
(0–30), general health (0–10), and restrictions
to activity (0–10). This gives a total score
between 0 (asymptomatic) and 140 (very
symptomatic).

PRIMARY END POINTS

This was a comparison between the two pacing
modes to determine if multisite atrial pacing
has any incremental antifibrillatory action
compared with right atrial pacing. Outcomes
included the number of separate paroxysmal
atrial fibrillation episodes, the total duration of
all paroxysmal atrial fibrillation episodes, and
the atrial fibrillation burden expressed as the
percentage of total time spent in atrial fibrilla-
tion during the one month period. The
percentage of time during each period when
the atria were paced was also compared.

Quality of life scores were used to compare
the two pacing modes with each other and with
baseline status.

Multisite atrial pacing 49
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STATISTICAL ANALYSIS

Values are given as mean (SD). Comparison
between the two pacing modes for all results
was with Wilcoxon’s non-parametric test for
two related samples.

Results
ATRIAL FIBRILLATION

These results are given in table 1. All 20
patients completed both pacing modes. There
was no significant diVerence comparing right
atrial with multisite atrial pacing in either the
number of paroxysmal atrial fibrillation epi-
sodes (right atrial, 77 (98) episodes v multisite,
52 (78) episodes, NS), their total duration
(right atrial, 4.8 (5.4) days v multisite, 6.3 (9.8)
days, NS), the atrial fibrillation burden (right
atrial, 14 (16)% v multisite, 19 (30)%, NS), or
the percentage time of atrial pacing (right
atrial, 85 (17)% v multisite, 87 (19)%, NS).

Two patients had no paroxysmal atrial fibril-
lation recorded during either pacing mode.
The remaining patients had further episodes
during both pacing modes.

QUALITY OF LIFE

Compared with baseline status there was a sig-
nificant improvement in the total Karolinska
questionnaire score with both pacing modes
(right atrial pacing, 38% improvement,
p = 0.003; multisite pacing, 44% improve-
ment; p = 0.003) (table 2). Each individual
symptom score improved with both pacing
modes compared with baseline, except for gen-
eral health which did not change with either
mode (right atrial pacing, 8% improvement;
NS; multisite pacing, 18% improvement; NS).
Percentage improvements were: chest pain:
right atrial pacing 44%, p = 0.01; multisite
pacing, 40%, p = 0.05; palpitations: right atrial
pacing, 43%; p = 0.001; multisite pacing, 52%;
p = 0.002; dizziness: right atrial pacing, 47%;
p = 0.05; multisite pacing, 53%; p = 0.01;
shortness of breath: right atrial pacing, 33%;
p = 0.05; multisite pacing, 41%; p = 0.01;
restriction of activity: right atrial pacing, 33%;
p = 0.01; multisite pacing, 37%; p = 0.02.

Comparing right atrial with multisite atrial
pacing, there was no significant diVerence in
either the total Karolinska questionnaire scores
or any of the individual symptom scores.

Discussion
We have shown that in patients with drug
refractory paroxysmal atrial fibrillation, paced
for arrhythmia prevention alone, multisite
atrial pacing has no incremental antifibrillatory
eVect compared with right atrial pacing. We
also showed that both pacing strategies led to
an improvement in quality of life compared
with baseline status, without any diVerence
between the two pacing modes. All individual
symptoms were improved except for general
health, which was only moderately impaired at
baseline, making any significant change diY-
cult to demonstrate.

The initial report on multisite atrial pacing
compared this mode with right atrial pacing in
16 patients with drug refractory atrial fibrilla-
tion who had traditional indications for pace-
maker implantation.2 Subsequently the same
group reported an extension of this study to 30
patients, comparing multisite pacing with both
lone right atrial and lone coronary sinus ostium
pacing.1 They showed that all pacing strategies
resulted in a significant increase in the
symptom-free period before the recurrence of
atrial fibrillation when compared with baseline
status before pacemaker implantation. Multi-
site pacing was shown to have an additional
antiarrhythmic eVect over the other two pacing
strategies. These results are consistent with our
findings in showing that any type of pacing
improves symptoms. However, we diVer in that
we could not show any advantage for multisite
over right atrial pacing.

There were several diVerences in the studies
that may explain these findings. First, recur-
rence of atrial fibrillation in the previous stud-
ies was based on symptomatic episodes con-
firmed by ECGs performed at routine follow
up visits, 24 hour ambulatory monitoring, or
transtelephonic event monitoring. No data are
available on long term pacemaker Holter
analysis. They may therefore have underesti-
mated the true incidence of atrial fibrillation.
This is supported by studies in patients paced
for bradycardic indications with associated
paroxysmal atrial fibrillation which report that
50% of episodes of paroxysmal atrial fibrilla-
tion recorded on pacemaker Holters can be
asymptomatic.3 Therefore continual monitor-
ing through pacemaker Holters for paroxysmal
atrial fibrillation is necessary, especially if

Table 1 Results on the frequency of paroxysmal atrial fibrillation (PAF) comparing right
atrial with multisite atrial pacing

Right atrial Multisite p Value

Number of PAF episodes 77 (98) 52 (78) NS
Duration of PAF (days) 4.8 (5.4) 6.3 (9.8) NS
Percentage AF burden 14 (16) 19 (30) NS
Percentage of atria paced 85 (17) 87 (19) NS

Values are mean (SD).
AF burden, percentage of total time spent in atrial fibrillation during the one month period.

Table 2 Results for the Karolinska questionnaire score (KQ) and individual symptom scores at baseline, after one month
of right atrial pacing, and after one month of multisite atrial pacing

Baseline (B) Right atrial (RA)
p Value,
RA v B Multisite (M)

p Value,
M v B

p Value,
M v RA

Total KQ score (0–140) 55 (28) 34 (31) (−38%) 0.003 31 (27) (−44%) 0.003 NS
Chest pain (0–40) 9.7 (9.8) 5.4 (7.8) (−44%) 0.01 5.8 (7.4) (−40%) 0.05 NS
Palpitations (0–30) 17.8 (7.7) 10.2 (8.0) (−43%) 0.001 8.6 (6.8) (−52%) 0.002 NS
Dizziness (0–20) 8.1 (6.6) 4.3 (6.2) (−47%) 0.05 3.8 (4.5) (−53%) 0.01 NS
SOB (0–30) 10.3 (7.8) 6.9 (7.5) (−33%) 0.05 6.1 (6.5) (−41%) 0.01 NS
Restrictions (0–10) 5.1 (2.1) 3.4 (3.2) (−33%) 0.01 3.2 (3.3) (−37%) 0.02 NS
General health (0–10) 3.7 (2.7) 3.4 (3.0) (−8%) NS 3.0 (3.0) (−18%) NS NS

Values are mean (SD), with mean percentage change from baseline shown in brackets.
SOB, shortness of breath.
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advice on withdrawal of anticoagulation is
required.

A further limitation in these former studies
included a run in period following pacemaker
implantation. This was to allow for antiarrhyth-
mic drug optimisation before monitoring for
symptomatic arrhythmic episodes began. This
therefore invalidates any comparison with base-
line arrhythmia frequency, as drug treatment had
been altered. In our study all drugs remained
unchanged. Furthermore their mechanism of
multisite pacing was dependent on atrial over-
drive to ensure capture at both atrial sites. The
percentage of atrial pacing was not reported;
however, it is unlikely that this would approach
100%, and so multisite activation was not
achieved continuously. The eVect of this would
to underestimate the eVectiveness of multisite
pacing. In our study a triggered algorithm was
used to ensure multisite pacing at all heart rates.

Other diVerences include the design of the
studies. Our patients underwent a randomised
crossover study comparing the pacing modes,
while the previous studies were consecutive
designs with a period of multisite pacing
proceeding right atrial pacing. This could bias
one of the pacing modes. Our follow up was
limited to one month in each pacing mode,
compared with three months and six months in
the previous studies. This would tend to weaken
our study. However, despite this shorter time
period 90% of our patients had arrhythmia rec-
currence with both pacing modes, compared
with 38% with right atrial and 11% with multi-
site pacing in the previous studies.

Finally the populations studied were totally
diVerent and this may explain the disparate
findings. In Saksena’s study2 the patients had
conventional indications for pacemaker im-
plantation. The majority (73%) also had
underlying organic heart disease, with several
diVerent types of atrial arrhythmia including
paroxysmal and persistent atrial fibrillation,
atrial flutter, and atrial tachycardia. Our
patients were paced for arrhythmia prevention
alone, the majority (70%) had no organic heart
disease, and all had paroxysmal atrial fibrilla-
tion as their only atrial arrhythmia. In our
patients with organic heart disease (n = 6)
there was still no additional benefit from mul-
tisite pacing. Therefore multisite atrial pacing
may only have incremental benefits over right
atrial pacing in patients with organic heart dis-
ease with conventional indications for pacing.

Short term electrophysiological studies using
temporary pacing leads placed either within the
coronary sinus or at the ostium, combined with
a high right atrial lead, have shown that multi-
site pacing can suppress the induction of atrial
fibrillation caused by high right atrial extra-
stimuli in 55–66% of patients.5 6 In these
patients with suppression, an increase in
dispersion of refractoriness between the two
pacing sites is found at baseline, and multisite
pacing can decrease conduction delay to all
areas of the atria. In the non-suppressible
patients, however, there is no change in
conduction times following a high right atrial
extrastimulus and less dispersion of refractori-
ness. Furthermore, studies assessing the onset

of paroxysmal atrial fibrillation using pace-
maker Holters and conventional 24 hour Hol-
ter monitors have shown several diVerent onset
mechanisms between and within patients.7 8

Only approximately 50% of onset episodes
were preceded by atrial ectopic beats, where it
may be anticipated that multisite pacing would
have an antiarrhythmic eVect.

Therefore acute electrophysiological studies
suggest there may be responders and non-
responders to multisite pacing, while Holter
monitoring suggests that multisite pacing
would need to prevent several diVerent onset
mechanisms. Future studies are required to
determine whether acute findings of atrial
fibrillation suppression could predict long term
success with multisite atrial pacing and thus
identify a group that may get benefit from this
pacing strategy. In our study there was a
subgroup of eight patients (40%) who ap-
peared to gain additional benefit from multisite
pacing compared with right atrial pacing, with
a significant reduction in their total duration of
paroxysmal atrial fibrillation (right atrial pac-
ing, 5.6 (4.6) days v multisite pacing, 1.5 (1.5)
days; p = 0.01). No baseline clinical feature
could identify these patients. However, these
results may have been the result of random
chance and the eVect of selecting a few
responding patients from the total population.

STUDY LIMITATIONS

Our arrhythmia frequency was dependent on the
accurate function of the pacemaker Holter,
which has been validated elsewhere.9 Stored int-
racardiac signals allowed confirmation of the
arrhythmia, and each patient acted as their own
control without any alteration in atrial sensing. It
is impossible to exclude some false mode switch-
ing owing to far field sensing or noise; however,
this should aVect both pacing modes equally.

Our follow up period was limited to a
relatively short period of one month in each
mode. However, within the initial one month
period there were on average 77 separate
episodes of paroxysmal atrial fibrillation lasting
a mean duration of over five days. This
frequency gives an adequate period for data
collection for statistical analysis. Furthermore,
from previous experience investigating the role
of biatrial pacing with three month randomisa-
tion periods in a separate population, we found
that many patients (25%) requested atrioven-
tricular ablation during the follow up period
because of continued symptoms.10 In biatrial
pacing the second atrial lead is placed within
the coronary sinus to pace the left atrium
directly, thus producing biatrial (right and left)
pacing. This is diVerent from the multisite
atrial pacing investigated in this study, where
the second atrial lead is placed at the coronary
sinus ostium, producing dual site right atrial
pacing. As there is the suggestion that arrhyth-
mia frequency may increase following atrioven-
tricular ablation,11–13 we wanted to avoid this
confounding factor so we limited the follow up
to two months. No patient underwent ablation
during our study.
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CONCLUSION

Multisite atrial pacing has no incremental
antiarrhythmic eVect compared with right
atrial pacing in patients paced for drug refrac-
tory paroxysmal atrial fibrillation. Quality of
life is equally improved compared with baseline
with either pacing strategy, but with no further
benefit from multisite pacing.
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IMAGES IN CARDIOLOGY

Intra-aortic balloon pumping was immedi-
ately started, followed by haemodynamic
improvement. A double coronary artery bypass
graft was successfully performed the same day
(left internal mammary artery to LAD, saphe-
nous vein graft to obtuse marginal branch).

D TAVELLA
M TURRI

P ZARDINI

A 39 year old woman was admitted on Decem-
ber 1999 after resuscitation from cardiac
arrest, which occurred during Holter monitor-
ing (ST segment elevation followed by ven-
tricular fibrillation was documented). The
woman complained of recent onset chest
discomfort with syncope. She had no coronary
risk factors, no drug abuse, and no significant
diseases in her history, although she suVered
from migraine (which was being treated with
sumatriptan 50 mg/day). On arrival, the
patient had pronounced anterolateral ST
segment elevation; infusion of nitrates, heparin,
and â blockers provided prompt clinical
evidence of reperfusion. For this reason,
coronary arteriography was delayed.

Four days later, the patient had recurrent
chest pain at rest, with unexpected ST segment
elevation in inferior leads, and hypotension
(80/45 mm Hg). Urgent coronary arterio-
graphy was carried out.

Angiographic findings are shown (15° right
anterior oblique, 10° cranial view). A long
dissection involved the whole left main coronary
stem (LM), with contrast dye persisting outside
the lumen, and extended both to the left anterior
descending artery (LAD) and to the left
circumflex artery (LCX). In the LAD, persist-
ence of extraluminal contrast was evident in the
proximal segment, while a radiolucent linear
streak could be noted in the whole mid portion;
in the LCX the dissection involved the proximal
segment and ended in a tight stenosis of the true
lumen, with impaired anterograde flow.

Cardiac arrest caused by spontaneous left
coronary artery dissection in a young woman
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