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A study comparing VVI and DDI pacing in
elderly patients with carotid sinus syndrome

Shona J McIntosh, Joanna Lawson, Rodney S Bexton, Ronald G Gold,
Margaret M Tynan, Rose Anne Kenny

Abstract
Objective-To determine whether single
chamber ventricular demand (WI) pac-
ing is adequate for elderly patients with
carotid sinus syndrome.
Design-Prospective double blind ran-
domised cross over study.
Setting-Tertiary referral centre
Patients-30 consecutive patients aged
over 60 years with carotid sinus syndrome
referred for cardiac pacing.
Intervention-Patients underwent dual
chamber pacemaker implantation and
were then randomised to two three-
month periods ofVVI and DDI pacing.
Main outcome measures-Responses to
cardiovascular tests (vasodepression dur-
ing carotid sinus massage, pacemaker
effect, postural blood pressure measure-
ments, and response to head up tilt), and
symptoms.
Results-11 patients developed profound
hypotension during upright carotid sinus
massage while pacing WI compared with
only two while pacing DDI. The upright
pacemaker effect was greater in WI (WI,
-31 (SD 19) mm Hg v DDI, -4 (12) mm
Hg; P < 0.001). Postural blood pressure
measurements and responses to head up
tilt did not vary. Eleven patients were
unable to tolerate VVI pacing and had to
be withdrawn early from this limb of the
study (group A). Fourteen of the remain-
der completed diary cards and did not
express a preference (group B). No
patient preferred WI. Group A patients
were older (group A, 78 (6) years v group
B, 70 (9) years; P < 0.05), were more likely
to be female (group A, 73% v group B,
14%; P < 0.01), and were more likely to
have orthostatic hypotension while pacing
DDI (group A, 46% v group B, 0%; P <
0.01). Group A and B patients could not
be differentiated by other prepacing clini-
cal or haemodynamic variables.
Conclusions-Elderly patients with
carotid sinus syndrome are likely to
develop symptomatic hypotension follow-
ing WI pacing. The optimum pacing
mode for individual patients cannot be
predicted by simple cardiovascular tests
before pacing.

(Heart 1997;77:553-557)
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Carotid sinus syndrome is an important, but
frequently overlooked, cause of syncope and
presyncope in the elderly.' The condition is
diagnosed in a patient with otherwise unex-
plained symptoms when five seconds of carotid
sinus massage produces either asystole exceed-
ing three seconds (cardioinhibitory subtype), a
fall in systolic blood pressure exceeding
50 mm Hg in the absence of significant cardio-
inhibition (vasodepressor subtype), or a combi-
nation of the two (mixed subtype).2 3

Cardiac pacing abolishes syncope in up to
90% of patients with cardioinhibition.45 A sig-
nificant number, however, have residual pre-
syncopal symptoms, notably those receiving a
single chamber ventricular system. Such resid-
ual symptoms have been attributed to the
development of pacemaker syndrome and to
the adverse effect of ventricular pacing on car-
diac haemodynamics, both of which may result
in increased vasodepression.6

Dual chamber cardiac pacing protects
against pacemaker syndrome while maintaining
more physiological cardiac haemodynamics7-9
but is both time consuming and costly.'0
Although it is now recommended that dual
chamber pacing systems are used in all patients
with carotid sinus syndrome, elderly patients
with this condition still often undergo cheaper
ventricular pacing on the assumption that this
will be adequate for older patients with a more
sedentary lifestyle."I 12
The aim of this study was to compare the

haemodynamic effects of single chamber ven-
tricular demand (VVI) pacing with those of
dual chamber demand (DDI) pacing in elderly
patients with carotid sinus syndrome in order to
determine whether VVI pacing is adequate for
elderly subjects with this condition. A
secondary aim was to evaluate clinical and
haemodynamic variables which might predict
the choice of pacing mode prepacing.

Methods
The study population comprised a consecutive
series of 30 elderly patients with carotid sinus
syndrome referred from a "syncope" clinic for
cardiac pacing. Study patients had recurrent
syncope, presyncope, or falls. All had under-
gone a standardised investigative protocol at
the syncope clinic incorporating a detailed clin-
ical assessment, a 12 lead surface electrocardio-
gram, a minimum of 24 hours of Holter
monitoring, and cardiovascular testing. All
patients had reproducible symptomatic car-
dioinhibitory or mixed carotid sinus syndrome
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and this was the only attributable cause of
symptoms.

Study patients underwent dual chamber car-
diac pacing (Chorus II; ELA) and were then
randomised to two three-month periods of ven-
tricular (VVI) and dual chamber (DDI) pacing.
(Two six-week periods were used for the final
10 patients.) The basic pacing rate in both
modes was 80/min; in DDI mode 25% hystere-
sis was used. All patients were assessed for the
presence of retrograde atrioventricular conduc-
tion at the time of pacing by recording the atrial
electrocardiogram during ventricular pacing at
80-120 beats/min.

Cardiovascular testing was repeated in each
pacing mode; the change in blood pressure
with the onset of pacing (pacemaker effect)
was also assessed. The study was conducted in
a double blind manner with neither patients
nor cardiovascular investigators aware of the
pacing mode. Patients completed daily symp-
tom diaries throughout the study, noting the
presence or absence of syncopal episodes, pre-
syncopal episodes, or falls on each day. All
subjects gave informed consent and the
study was approved by the Newcastle ethics
committee.

CARDIOVASCULAR TESTING
Heart rate and phasic blood pressure were
recorded non-invasively using a surface electro-
cardiogram (paper speed 25 mmis) and Finapres
(digital photoplethysmography) respectively.

Carotid sinus massage
Patients were tested both supine and upright
(700 head up tilt). Five seconds of longitudinal
massage was applied over the point of maxi-
mum carotid impulse. This was repeated on
right and left sides allowing a 30 second interval
between tests. Continuous heart rate and
blood pressure measurements were made.
Prepacing the vasodepressor response indepen-
dently of cardioinhibition was assessed in those
with more than 1-5 seconds asystole by repeat-
ing massage following the administration of
600 ug intravenous atropine. Postpacing the
vasodepressor response independently of pace-
maker effect was assessed by performing mas-
sage during fixed rate pacing (achieved using a
magnet).

Postural blood pressure measurements
Blood pressure was recorded after 20 minutes
supine rest and at 30 seconds and one minute
after standing unsupported.

Head up tilt
Patients were tilted head up at 70° (Akron
automated tilt table: foot plateAsupport) for 30
minutes. Blood pressure was recorded continu-
ously.

Pacemaker effect (postpacing)
The change in blood pressure with the onset of
pacing (induced using a magnet) was assessed
supine and during 700 head up tilt.

DIAGNOSTIC CRITERIA

These were based on published data.

Carotid sinus syndrome
Carotid sinus massage producing asystole
exceeding three seconds (cardioinhibitory sub-
type), a fall in systolic blood pressure exceed-
ing 50 mm Hg in the absence of significant
cardioinhibition (vasodepressor subtype), or
both responses (mixed subtype).'3

Vasovagal syncope
Symptomatic hypotension with or without
bradycardia induced by head up tilt.'3

Orthostatic hypotension
A fall in systolic blood pressure exceeding
20 mm Hg within one minute of standing
unsupported. 3

STATISTICAL ANALYSIS
Parametric data was compared using
Student's paired t test. Symptom scores were
assessed using the Fisher exact test. Non-para-
metric data was analysed using the Mann-
Whitney U test. Values are given as mean
(SD).

Results
CLINICAL CHARACTERISTICS
The study group comprised 30 patients with
carotid sinus syndrome, mean (SD) age 79 (9)
years (17 male, 13 female), referred for cardiac
pacing between January 1992 and January
1994. Presenting complaints were dizziness and
syncope (47%), syncope (20%), dizziness and
falls (13%), dizziness (13%), and all three
symptoms (7%). The median duration of
symptoms was 20 months (range 1 to 240).
Twenty three patients were diagnosed as having
cardioinhibitory carotid sinus syndrome on ini-
tial testing; the remainder had a mixed response
to carotid sinus massage. Seventy three per cent
of patients showed retrograde atrioventricular
conduction at the time of pacing.

RESPONSES TO CARDIOVASCULAR TESTS
PREPACING AND IN VVI AND DDI PACING MODES
Eleven patients developed profound hypoten-
sion during upright carotid sinus massage
while pacing VVI and were returned to the
supine position before the exact fall in blood
pressure could be documented. Only two
patients developed symptomatic hypotension
during upright massage when pacing DDI.
There were, however, insufficient data to
allow a comparison of upright vasodepressor
responses, and supine measurements were
used. The pacemaker effect obtained in the
upright position was used for data analysis.

Supine vasodepression in VVI mode was
similar to that prepacing, while the response in
DDI was less than prepacing (P < 0-01; table
1). The pacemaker effect in VVI was greater
than that in DDI (P < 0-001). Responses to
active standing and head up tilt did not vary.

SYMPTOM SCORES
Eleven patients were unable to tolerate VVI
pacing and had to be withdrawn prematurely,
at a median of seven days, from this limb of
the study (group A). Symptoms were dizziness
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Table 1 Cardiovascular test results prepacing and in VVI and DDI pacing modes

Response Prepacing VVI DDI Significance

Vasodepression (mm Hg) 33 (16)* 27 (15) 22 (11) *p < 0 01
Postural BP change (mm Hg) - 12 (24) - 5 (22) - 7 (18) NS
Orthostatic hypotension (%) 44 22 20 NS
Pacemaker effect (mm Hg) - - 31 (19)t -4 (12) tP < 0 001
Vasovagal (%) 14 12 7 NS

BP, blood pressure.
*P < 0-01 prepacing v DDI; tP < 0 001 VVI v DDI.

Table 2 Cardiovascular test results in groups A and B

Response Group A Group B Significance

Cardioinhibition (s) 5 2 (1 7) 6 3 (1-3) NS
RAVC (%) 82 64 NS
Vasodepression (mm Hg)

Prepacing 24 (12) 38 (17) NS
VVI 24 (9) 29 (17) NS
DDI 21 (12) 24 (10) NS

Postural BP change (mm Hg)
Prepacing -14 (22) -10 (29) NS
VVI -8 (25) -6 (17) NS
DDI -16 (20) -2 (12) P < 0 05

Orthostatic hypotension (%)
Prepacing 40 50 NS
VVI 20 29 NS
DDI 46 0 P < 0 01

Pacemaker effect (mm Hg)
VVI -35 (21) - 21 (19) NS
DDI -4 (8) -4 (15) NS

RAVC, retrograde atrioventricular conduction; BP, blood pressure.

(six patients), dizziness and syncope (one),
falls (one), and unspecified (three). Only four
group A patients completed diary cards; all
reported significantly more symptoms while
pacing VVI. Fifty five per cent of patients in
group A had an unrecordable blood pressure
during upright carotid sinus massage while
pacing VVI. The remaining patients com-
pleted both limbs of the study and did not
express a preference for either pacing mode.
Fourteen of these patients completed diary
cards. The only symptom reported by this
group was dizziness, but symptom scores for
VVI and DDI were similar (group B). No
patient preferred VVI.

Compared with group B, patients in group
A were older (78 (6) years v 70 (9) years; P <
0 05) and were more likely to be female (73% v

14%; P < 0.01). Cardioactive drug use was
similar in the two groups (55% v 50%), as was
initial cardioinhibition and the frequency of
retrograde atrioventricular conduction (table
2). The frequency of orthostatic hypotension
and the degree of orthostatic blood pressure
change while pacing DDI were greater in
group A. Cardiovascular test results prepacing
and in each pacing mode were, otherwise, sim-
ilar for the two groups (table 2).

COMPLICATIONS OF CAROTID SINUS MASSAGE
Two patients developed transient neurological
symptoms and signs following carotid sinus
massage. Both made a full recovery.

Discussion
Carotid sinus syndrome is an important but
frequently overlooked cause of syncope and
presyncope, particularly in the elderly.' In cen-

tres which routinely perform carotid sinus mas-
sage it is diagnosed in up to 40% of older
individuals with recurrent unexplained symp-
toms.'3 Cardioinhibitory and mixed subtypes of

this condition are treated with cardiac pacing.
Such treatment is currently recommended in
individuals who have experienced two or more
syncopal episodes (though some authorities
advise intervention after a solitary syncopal
attack).' The pacing rate for carotid sinus syn-
drome in the United Kingdom, however,
remains low, with figures ranging between
1-5% and 21% depending upon the region
studied.'4 This suggests that the condition is
underdiagnosed or undertreated, or both. Of
note in this regard is the fact that up to 30% of
older patients with carotid sinus syndrome
have amnesia for loss of consciousness and pre-
sent only with unexplained falls.'5
The choice of pacing mode in carotid sinus

syndrome has, for many years, been a contro-
versial issue. Atrial pacing is contraindicated
since the majority of these patients develop
atrioventricular block in addition to sinus arrest
during carotid sinus reflex activation.4
Ventricular pacing abolishes cardioinhibition
but a significant number of individuals are left
with residual hypotensive symptoms which
have been attributed to the development of
pacemaker syndrome and to loss of atrioven-
tricular synchrony, both of which may exacer-
bate vasodepression.6

Pacemaker syndrome occurs with ventricular
pacing when retrograde ventriculoatrial con-
duction is intact-a condition which exists dur-
ing reflex activation in up to 80% of patients
with carotid sinus syndrome.4 The contraction
of retrogradely activated atria against closed
atrioventricular valves results in reduced ven-
tricular filling (as atrial blood is returned to the
pulmonary and systemic veins) and possibly in
reflex vasodilatation (as a result of raised intra-
atrial pressure). In consequence, there is a fall
in blood pressure with the onset of pacing.
Even in the absence of retrograde conduction,
ventricular pacing may produce a significant
fall in cardiac output as the atrial contribution
to ventricular filling is lost.7 This may be partic-
ularly marked in elderly individuals, in whom
diastolic filling is already impaired.'6

Dual chamber cardiac pacing maintains atri-
oventricular synchrony and (except in rare cir-
cumstances) protects against pacemaker
syndrome. Indeed, the superior haemodynamic
effects of this form of cardiac pacing have long
been recognised.89 However, although the
British Pacing and Electrophysiology Group
(BPEG) has recommended DDI as the pacing
mode of choice in patients with carotid sinus
syndrome, many argue that such complex and
expensive systems are unnecessary in elderly
and more sedentary individuals." 12 Indeed,
recent figures suggest that although patients
over 75 years account for more than 60% of
pacemaker implants in the United Kingdom,
only a small minority of these patients receive a
dual chamber system.'7 The equivalent figure
for elderly patients with carotid sinus syndrome
is not known since this condition accounts for
less than 2% of pacemaker implants nation-
ally.'8 It is, however, likely to be similar.

Increased recognition of carotid sinus syn-
drome as an attributable cause of syncope and
unexplained falls, coupled with the growing
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practice of active intervention in older individ-
uals, should increase the demand for pacing in
carotid sinus syndrome. However, an
increased use of dual chamber pacing systems
in older patients has enormous health care and
cost implications. Dual chamber pacing sys-
tems cost 40-100% more than ventricular sys-
tems, require more technical expertise to
implant, and require more specialised (often
regional centre) follow up. "I A recent report by
the Yorkshire College and Centre for Health
Services Research, based on a review of
recently published reports, has raised serious
doubts about the cost-effectiveness of using
such complex pacing systems.'9 The report
emphasises that although pacing improves
quality of life in carotid sinus syndrome, there is
no evidence that it influences survival.
Additionally, it points out that the BPEG rec-
ommendations for complex systems in this
and other bradyarrhythmias are based on
observational data and not on the results of
prospective randomised trials in defined
patient groups.

In the present study dual chamber pacing
was shown to offer clear haemodynamic
advantages over single chamber ventricular
pacing in elderly patients with carotid sinus
syndrome. The fall in blood pressure with the
onset of pacing (or pacemaker effect) was sig-
nificantly greater in VVI than in DDI, reflecting
the fact that-in keeping with other series4-
73% of these patients had intact retrograde
atrioventricular conduction.
The vasodepressor response to carotid sinus

massage in DDI mode was significantly less
than that elicited prepacing. This was because
pacemakers were programmed with 60/80 hys-
teresis, resulting in higher heart rates during
carotid sinus massage after pacing than before.
Additionally, only patients with asystole
exceeding 1-5 seconds prepacing were given
atropine. Although vasodepressor responses in
the two pacing modes were similar when
assessed supine, 11 patients developed symp-
tomatic hypotension during upright carotid
sinus massage while pacing VVI and this pre-
cluded measurement of the upright vaso-
depressor response in these individuals. Had
these data been available it is likely that
upright vasodepression in VVI would have
been greater than in DDI. Indeed, in a similar
study comparing VVI and DVI pacing modes,
Madigan et al showed that vasodepression was
greatest during upright carotid sinus massage
while pacing VVI, and also observed that
patients had more symptoms during this pro-
cedure when pacing VVI.8

Eleven patients were unable to tolerate VVI
pacing. In the present study these sympto-
matic individuals could not be distinguished
from asymptomatic subjects by the presence of
retrograde atrioventricular conduction or by
prepacing cardiovascular tests. In similar ran-
domised studies, prepacing predictors for fail-
ure of VVI pacing have included the presence
of retrograde atrioventricular conduction,
orthostatic hypotension, and an increased and
symptomatic pacemaker effect (during tempo-
rary VVI compared with temporary DVI pac-

ing).2O Indeed, Brignole et al selected 34
patients without these criteria (and without a
symptomatic vasodepressor response) for ven-
tricular pacing. At a mean (SD) of 32 (10)
months follow up, symptoms in this group
were similar to those in 26 patients with these
hypotensive features who had undergone dual
chamber cardiac pacing.21 The author con-
cluded that selected patients with carotid sinus
syndrome can be treated with a single cham-
ber ventricular system and that these patients
can be identified prepacing. In the present
study the pacemaker effect prepacing was not
assessed. Routinely performing temporary
pacing before permanent pacing in order to
assess this would, however, be both time con-
suming and costly.

This study goes some way to support the
BPEG recommendations for complex systems
in carotid sinus syndrome. One third of
patients were unable to tolerate single cham-
ber ventricular pacing. These patients could
not be identified by simple haemodynamic
measurements or clinical characteristics
prepacing and would have required upgrading
to a dual chamber system. Other important
variables such as quality of life and cognitive
function were not assessed in the present
series. Studies to evaluate the benefits of dual
chamber pacing on these variables in patients
with carotid sinus syndrome are in progress
and may further justify the use of complex sys-
tems in older individuals.

CONCLUSION
Elderly patients with carotid sinus syndrome
are likely to develop symptomatic hypotension
following single chamber ventricular pacing.
This is largely pacemaker induced (although
upright vasodepression, which could not be
measured in this study, may also contribute).
The optimum mode of pacing for individual
patients cannot be predicted by simple cardio-
vascular tests prepacing.

Dr McIntosh was in receipt of a grant from Research into
Ageing.
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