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Carotid sinus syndrome, should we pace? A
multicentre, randomised control trial (Safepace 2)

Daniel J Ryan,1 Steen Nick,2 Seifer M Colette,3 Kenny Roseanne4

ABSTRACT
Background Cardioinhibitory carotid sinus
hypersensitivity (CICSH) is highly prevalent among older
people with falls.
Objective To assess the efficacy of dual-chamber
pacing in older patients with CICSH and unexplained
falls.
Design A multicentre, double blind, randomised
controlled trial.
Setting Selection from emergency room, geriatric
medicine and orthopaedic departments.
Patients Patients aged >50 years, with two
unexplained falls and/or one syncopal event in the
previous 12 months for which no other cause is evident
apart from CICSH.
Interventions Patients randomised to either a 700/400
k, rate responsive pacemaker or implantable loop
recorder (Medtronic Reveal thera RDR, Medtronic,
Minneapolis, Minnesota, USA).
Main outcome measures The primary outcome was
the number falls after implantation. Secondary outcomes
were time to fall event, presyncope, quality of life and
cognitive function.
Results 141 patients were recruited from 22 centres.
Mean age was 78 years and mean follow-up 24 months.
The overall relative risk of falling after device implantation
compared with before was 0.23 (0.15 to 0.32). No
significant reduction in falls was seen between paced and
loop recorder groups (RR¼0.79; 95% CI 0.41 to 1.50).
Data were also consistent in both groups for syncope,
quality of life and cognitive function.
Conclusions These results question the use of pacing in
CICSH. However, the study was underpowered and also
patient characteristics differed from those in Safepace
1dparticipants were physically and cognitively frailer.
Further work is necessary to assess cardiac pacing in this
setting.

INTRODUCTION
Carotid sinus syndrome is defined as recurrent
syncope due to excessive bradycardia and/or hypo-
tension in response to carotid sinus stimulation
with no other apparent attributable cause of
syncope. Carotid sinus hypersensitivity (CSH) is
defined as the abnormal haemodynamic response
without clearly attributable syncopal symptoms. In
older people there is significant overlap between the
symptoms of falls and syncope, this has been
particularly demonstrated in CSH where older
people with a reproducibly abnormal bradycardic
response present with falls rather than syncope.
Amnesia for loss of consciousness is often respon-
sible for this confusion. Given that up to 70% of falls
or syncopal events in older people are not witnessed,
such a presentation is not uncommon.1e3

Older people with cardiovascular syncope tend to
present with ‘unexplained falls’dthat is, no clear
history of a trip and denial of loss of consciousness.
In one study, 20e40% of people over the age of 65
presenting to the emergency department with
unexplained falls, had cardioinhibitory (CI) CSH as
a possible attributable cause of events.4e6 In
a single-centre randomised control trial cardiac
pacing of such older people with CICSH and
recurrent unexplained falls reduced subsequent fall
events by 70% and injurious events by 75%.7 The
aim of this study was to determine whether, in
a multicentre study, cardiac pacing for recurrent
falls in patients with CICSH would reduce
subsequent falls.

METHODS
Participants aged >65 who had CICSH as a possible
attributable cause of symptoms were recruited from
five countries and 22 participating centres.
Recruitment, from syncope unit referrals, selected
those with a minimum of two unexplained falls
and/or one syncope in the past year. All participants
had in excess of 3 s of asystole in response to carotid
sinus massage (CSM), a mini-mental state score
>19, no evidence of neoplasm, renal or hepatic
failure and at time of randomisation, no evidence of
significant heart failure.8e12

Patients had no other apparently attributable
cause of falls after history, clinical examination, 12-
lead ECG, routine blood screen and morning
orthostatic blood pressure recordings.9 Ambulatory
heart rate monitoring, echocardiography and
cardiac electrophysiology were carried out at the
doctor ’s discretion. Participants were capable of
completing diary cards and complying with
instructions for use of the implantable device.8e12

Contraindications to CSM complied with interna-
tional guidelines.13 CSM was performed on right
and left carotids while the patient was supine and
repeated when upright.6

Participants were randomised to receive an
implantable loop recorder or dual-chamber pace-
maker according to a computer-generated random-
isation. The sample was stratified by centre. All
paced patients received a rate drop responsive
physiological dual-chamber pacemaker (k 700 or k
400 system), programmed to the rate drop response
algorithm, thus allowing backup pacing for patients
with occasional drops in heart rate.14e16 The
implantable loop recorder is inserted subcutane-
ously, has high fidelity recordings and a solid-state
memory loop of 42 min. Where possible, the device
was implanted within 3 months of randomisation.

Patients recorded symptoms of falls or syncope in
diary cards. Randomisation, data collation and
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diary card interpretation were carried out by researchers blind to
the number of diaries returned by each subject.

Follow-up time was 24 months. The primary outcome
measure was the number of falls during this time; participants
completed falls diaries at the end of each week and received
monthly telephone interviews, a process that had already been
piloted with compliance rates > 80%.4 Participants additionally
completed Short Form-36 (quality of life measure) and Mini-
Mental State Examination (MMSE; cognitive screening test) at
baseline and at 12 months after device implant.17

Statistical analyses
The primary clinical outcome was falling behaviour. Subjects
were asked to complete 15 diaries, each 4 weeks long, starting
from the point of randomisations. Subjects were asked to record
each day whether or not they fell. The main analysis was based
on all the diaries returned and undertaken on an intention-to-
treat basis. For each subject the total number of falls was
determined and analysed using negative binomial regression.
Evidence from previous studies of falling in similar populations
suggested that distribution of the number of falls would be
extremely skewed. To assess the impact of the skewdness, two
further variables were analysed: first, the number of 4-weekly
diaries to which a fall was recorded and second, the total number
of falls truncated at an arbitrary threshold of 15, chosen as it
corresponds to one fall per diary.18 In addition to these variables,
the number of reported incidents of syncope was analysed using
negative binomial regression, and time to first fall was analysed
using Cox regression. An explanatory analysis of the falls data
was also undertaken for (a) the period following randomisation,
but before their device was implanted and (b) the period
following implantation of the device. This variable was also
analysed using negative binomial regression.

For sample size calculation it was assumed that the number of
patients who fall was likely to have a non-standard statistical
distribution. Calculations described by Pocock for a binary
outcome measure estimated that to detect a difference of 20% in
the number of patients who fell, using a significance level of 5%
with 80% power, 95 patients were needed in each
experimental group19; with a 20% attrition rate, a total of 226
patients were needed. Unfortunately, only 141 patients were
randomised to either loop recorder or pacemaker during the
course of the study, thus allowing for a power of only 60% to
detect a difference of 20%.

RESULTS
Baseline characteristics
One hundred and forty-one patients were recruited to the study,
mean age 7867 years; 87 women and 54 men were recruited
from five countries and 22 participating centres. Seventy-one
were randomised to loop recorder and 70 to pacemaker. Of those
randomised to the loop recorder group, 61 received the implant;
however, two later crossed over to the pacemaker group owing to
a high frequency of falls. Of those who did not receive an
implant, eight refused, one died before the recorder was inserted
and one developed a medical condition precluding loop recorder
insertion. Of those randomised to the pacemaker arm (n¼71), 68
received implantation, two refused and one patient initially
refused but subsequently received a pacemaker 8 months later.

Age and gender distributions were similar for both groups.
Baseline clinical characteristics (such as total number of drugs,
orthostatic blood pressure fall, abnormal gait and balance), drugs
and key risk factors for falls were similar for both groups (table 1).

The average number of falls during the year before random-
isation was 5.765.5 and 4.863.2, respectively, for loop recorder
and pacemaker patients (p¼0.14). Sixty-two per cent and 71% of
patients had sustained a notable injurydeither a fracture or
laceration which required sutures (p¼0.31). Sixty-nine loop
patients and 67 pacemaker patients had also complained of
syncope before implantsda mean of 0.360.6 and 0.561.2
syncopal episodes in the 12 months before randomisation
(p¼0.22). The cardioinhibitory and hypotensive responses to
CSM were similar for both groups.

Outcome
One hundred and twenty-eight subjects (91%) returned at least
one diary. In all, 1416 diaries were returned (66% of the total
possible from all subjects; 74% of the total possible from the 128
who returned at least one). Forty-six subjects (36%) returned all
15 diaries.
Analysis of primary outcome data relating to falling behaviour

showed that when the total number of falls was analysed, the
relative risk of falling (those with the pacemaker device
compared with loop recorder) was 0.79 (95% CI 0.41 to 1.50).
One subject, randomised to the loop recorder group, however,
fell a very large number of times (159). Outliers like this would
have had a detrimental impact on the normal distribution of the
data (range of falls 0 to 159 with a median of 1). For this reason
further analyses were carried out, in which the number of falls
by each person was truncated to an arbitrary threshold of 15,
chosen as it corresponds to one fall per diary.18

When the total number of falls each participant reported was
truncated to a threshold of 15, the relative risk increased to 1.38
(implying that the risk of falling is slightly greater in the group
that was paced than in the group that received the loop
recorder). The relative risk of recording a fall in a diary was 1.30
(95% CI 0.80 to 2.12). Of note, the number of 4-weekly diaries
which reported a fall, a non-truncated variable, was also
consistent for both groups. Mean time to first fall was
31.9 weeks in the loop recorder group and 25.7 weeks in the
paced group with an HR of 1.34 (95% CI 0.84 to 2.12). In each
case the difference between experimental groups was not

Table 1 Baseline clinical characteristics

Variable
Loop recorder
(n[71)

Paced group
(n[70)

Significance
(p value)

Age (SD) 77.5 (8.7) 78.0 (7.3) 0.71

Sex (% female) 56 67 0.23

Falls before randomisation -
12 months (SD)

5.7 (5.5) 4.8 (3.2) 0.14

Injury sustained (%) 62 71 0.29

Witness account (%) 38 25 0.20

IHD (%) 31 44 0.14

Stroke (%) 18 12 0.97

Hypertension (%) 35 29 0.42

Diabetes (%) 18 15 0.82

Smoker (%) 57 60 0.69

Number of medicines (SD) 3.2 (2.2) 3.1 (2.5) 0.78

Abnormal gait (%) 31 24 0.45

Abnormal balance (%) 11 15 0.47

Systolic BP mean (SD) 145 (71) 145 (23) 0.93

Diastolic BP (SD) 76.4 (13.7) 75.1 (12.4) 0.59

Resting heart rate (SD) 69.5 (11.0) 71.9 (13.4) 0.25

24 h ECG (%) 44 36 0.39

Echocardiogram (%) 21 21 1.00

BP, blood pressure; IHD, ischaemic heart disease.
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significant. There is no evidence that subjects in one group had
better outcomes than subjects in the second (table 2).

A secondary explanatory investigation was undertaken to
investigate the impact of the following factors: (a) not all
subjects who were randomised actually had a device implanted;
(b) some subjects crossed over from one arm of the trial to the
other (two participants in the loop recorder arm fell multiple
times and crossed over to the pacemaker arm); (c) there was
variation between subjects in the time between randomisation
and their surgical procedure (table 3).

Comparison of data before and after implant
Patients were much less likely to report a fall or syncopal event
after the device implant than before. The relative risk of
reporting a fall after implantation of a device compared with
before was 0.23 (95% CI 0.15 to 0.37). The number of fall events
was significantly less after implant than before implant 0.23 (CI
0.15 to 0.37). Participants were much less likely to report syncope
after implant 0.47 (95% CI 0.26 to 0.86). The number of syncopal
events was also significantly less after implant, 0.52 (95% CI 0.29
to 0.95).

Loop recorder
In total there were 55 activations of which 48 were successful
recordings, seven did not record. The loop recorder was activated
because of a fall in 19 cases, dizziness in 17 and syncope in 4. In
the remainder, reasons for activation were palpitations,1

breathlessness,1 routine check,5 inability to recall reason6 and
others.2 Thirty-eight were in sinus rhythm at the time. One
person had atrial flutter, one premature ventricular beats, six had
premature supraventricular beats and two had bradycardia.

Quality of life and cognitive function data
In general, quality of life and cognitive function were broadly
similar across the two groups. The mean Short Form-36 physical
component score at baseline was 28.7 and 29.6 in the loop
recorder and pacemaker groups, respectively and 30.3 and 33.2,
respectively, at 12 months’ follow-up. Mean Euroquol at baseline
was 0.64 and 0.68 in the loop recorder and pacemaker groups,
respectively, and 0.57 and 0.66 at 12-month follow-up. No
statistical difference was observed in either.

MMSE
Fourteen per cent (n¼16) of patients demonstrated a significant
deterioration in MMSE of three or more units after 12 months.
For 118 patients where both baseline and 12-month data were
available, MMSE was 27.9 (95% CI 27.4 to 28.3) at baseline and
27.1(95% CI 26.4 to 27.9) at 12 months. Across the entire sample
there was a statistically significant deterioration in MMSE score
of 0.87 (p<0.001) but this reduction did not differ between
treatment groups. This deterioration is equivalent to that
observed in patients with mild to moderate Alzheimer ’s disease
and would imply that our subject group demonstrated significant
cognitive decline during the study period.20

DISCUSSION
There was no difference in falling behaviour between patients
randomised to loop recorder and pacemaker in this multicentre
randomised control trial. Analysis of the falls variables gave
reasonably consistent results. In none of the analyses was the
difference between experimental groups significant. Analysis of
the total number of falls without making any special allowance
for the extreme outlier gave a point estimate of the relative risk
of falling that was substantially different from that obtained
from the other analyses. The method of truncating the total
number of falls, as suggested by Davies et al5 would seem to be
a sensible way of handling these data. The estimate of the rela-
tive risk of falling was consistent with the analyses of other
measures of the level of falling. In the explanatory analysis there
appeared to be a trend towards a larger risk of falling in the
pacemaker group relative to the loop recorder group. This would
be consistent with those subjects in the loop recorder group who
fell the most crossing over into the other arm but continuing to
fall after implantation of the second device.
The data are at variance with those previously reported for

pacing in fallers with CICSH in Safepace 1. The seminal study
was carried out at a single centre7 with a long-established clinical
facility and healthcare pathways for referral, evaluation and
management of older people with syncope and falls. The tech-
nique of carotid sinus massage is operator dependent and it was
not possible to standardise it in this multicentre trial. This
possibly influenced recruitment. Recruitment itself was also more
challengingwhen the studywas rolled out to a multicentre design
and used centres without systems in place for managing older
patients with falls and syncope. Thus the study may have been
underpowered to show a significant difference between groups.
Difficulty in recruitment may be one reason why the patients

in Safepace 2 were older and frailer than in the previous study.
Recruitment for Safepace 1 consisted of systematic screening of
24 539 fallers over age 50 presenting to accident and emergency.
Screening was carried out by dedicated research staff present 24 h
a day, 7 days a week, for the 12-month recruitment period.
Screening in Safepace 2 was more ad hoc. Most centres, at the
time, did not have an extant systematic screening service for falls
which incorporated a cardiovascular assessment. The patient
characteristics for both studies differed.
In the first instance, patients in this study were older; 78 years

in Safepace 2 versus 73 in Safepace 1 (p<0.001). More partici-
pants had ischaemic heart disease (p<0.001). In fact, the OR for
ischaemic heart disease in patients recruited to Safepace 2 was 3.8
compared with Safepace1. Patients in Safepace 2 were more likely
to take b blockers (p<0.001) and ACE inhibitors (p¼0.03).
Hypertension approached significance (p¼0.06). Therefore,
patients in Safepace 2 were older and had more comorbid
cardiovascular disease.
When extreme outliers are removed, falls were more common

in the prerandomised period for Safepace 2 than Safepace 1,
though those in Safepace 2 reported fewer syncope episodes

Table 2 Primary outcome: falling behaviour by treatment group (intention to treat analysis)

Variable Loop recorder Pacemaker Difference 95% CI

Any fall recorded during study period Yes¼ 33 (53%) Yes¼44 (67%) RR¼1.25 0.93, 1.67

Number of falls Mean¼6.52, Median¼1 Mean¼4.33 Median¼1 RR¼ 0.79 0.41, 1.50

Number of falls (truncated at 15) Mean¼2.63, Median¼1 Mean¼3.42, Median¼1 RR¼1.38 0.80, 2.12

Number of diaries in which a fall was reported Mean¼1.87 Median¼1 Mean¼2.50, Median¼1 RR¼1.30 0.80, 2.12

Time to first fall in weeks Mean¼31.9 Median¼33.1 Mean¼25.7 Median¼15.3 HR¼1.34 0.84, 2.12

Number of episodes of
syncope

Mean¼0.66 Median¼0 Mean¼0.42 Median¼0 RR¼0.87 0.30, 2.48

RR; Relative risk and HR¼ Hazard ratio.
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before randomisation (syncope episodes: mean 0.35 in Safepace 2
vs 5.59 in Safepace 1, p<0.001). Furthermore, the cardioinhibi-
tory response observed in Safepace 2 was shorter than that for
Safepace 1. The maximum ReR interval in Safepace 1 was 4.37 s
while the ReR interval in Safepace 2 was 3.12 s supine or
upright. This suggests that patients recruited to Safepace 2 had
less severe carotid sinus hypersensitivity, although they fell more
often. The cause of falls is generally multifactorial and it is likely
that factors other than CSH were causal in Safepace 2.

Patients in Safepace 2 were a frail cohort as evidenced by the
deterioration in cognition noted on follow-up. Although the
overall MMSE scores did not differ between groups, the overall
decline in cognitive function at end of follow-up (MMSE¼27.1,
95% CI 26.4 to 27.9) compared with baseline (27.9, 95% CI 27.8
to 28.3) was significant. MMSE score deteriorated by 0.87
(p<0.001), a rate of decline that is indicative of progressive
neuropathological disease.20 No follow-up MMSE data are
available for Safepace 1 (table 4).

Therefore, it would appear that the Safepace 2 patients were
older, physically (higher falls rates) and cognitively frailer, had
less syncope and a more moderate heart rate response to carotid
sinus pressure. It is conceivable that earlier intervention in
patients with more evidence of autonomic dysfunction targets
respondents in whom carotid sinus hypersensitivity is a more
likely attributable cause of falling.

In a recent study of ReR interval duration in response to CSM
among community-dwelling patients with and without syncope,

the author suggests that an abnormal response may be of longer
duration than indicated by guidelines.6 If so, the shorter cardi-
oinhibitory response in Safepace 2 may have biased results.
Although international guidelines were used for the purpose of
recruitment, review of these recommendations may be indicated
if supported by further research.
In a recent publication in this journal, Parry et al failed to

demonstrate significant reductions in falls (crossover study
design), alternating between pacing on mode and off mode
during a 12-month period (RR¼0.82; CI 0.62 to 1.10), although
the study was underpowered owing to high attrition rates.21

Furthermore, they reported an overall reduction in falls, high-
lighting the effect of placebo in this group. Placebo effect of
pacing in vasovagal syncope has been reported in several rando-
mised double blind placebo trials.22 23 Vasovagal syncope shares
a number of clinical and pathophysiological characteristics with
carotid sinus syndrome, both described as neurally mediated
syncope. VPS2 (Vasovagal Pacemaker Study), for example,
demonstrated a non-statistically significant benefit of pacing in
vasovagal syncope compared with its placebo arm.22 This is in
contrast to its preceding studydVPS, with no blinded placebo
arm which demonstrated an 85.4% benefit of pacing
(p¼0.000022).24 SYNPACE, too has demonstrated similar
findings to VPS2.23

CONCLUSION
In this multicentre study pacemaker implantation had no
independent effect on the number of falls or syncopal episodes.
The population studied was older, frailer with less severe CSH
than in the previous single-centre study and there were a higher
than normal proportion of patients with significant cognitive
decline following intervention. It may be that earlier detection
of fallers with CICSH is necessary before irreversible physical
and cognitive decline is established.

Funding Medtronic Ireland, Parkmore Business Park West, Galway, Ireland.

Competing interests None.

Ethics approval This study was conducted with the approval of the Multicentre trial.
Local ethics committee approval sought.

Patient consent Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. McIntosh SJ, Lawson J, Kenny RA. Clinical characteristics of vasodepressor,

cardioinhibitory, and mixed carotid sinus syndrome in the elderly. Am J Med
1993;95:203e8.

Table 3 Explanatory analysis (falls behaviour, syncope and diaries returned after implantation of either
loop recorder or pacemaker)

Variable Statistic

Group

Difference p Value
Loop recorder
(n[61)

Pacemaker
(n[68)

Number of people who returned at least
one diary after device implanted

n 55 63 RR¼1.01 (0.91 to 1.12) 1.00

% 90.2 92.6

Number of diaries returned Mean 9.4 10.9 RR¼1.16 (0.94 to 1.43) 0.18

SD 4.4 4.3

Number of falls Mean 1.4 3.4 RR¼2.43 (1.28 to 4.62) 0.07

SD 2.1 6.6

Median 0 1

Range 0-9 0-36

Number of syncope episodes Mean 0.35 0.32 RR¼1.38 (0.80 to 2.39) 0.25

SD 1.08 0.82

Median 0 0

Table 4 A comparison of patient characteristics in Safepace 1 and
Safepace 2

Safepace 2 Safepace 1 p Value

Baseline characteristics:

Age 78 73.2 <0.001

Gender (% female) 61.5 59.4 0.088

Mean syncope events in year
before the implantation

0.35 5.59 <0.0000001

Comorbid disease:

Ischaemic heart disease (%) 25.4 9.1 <0.001

Hypertension (%) 30.8 25.7 0.06

Diabetes (%) 17.7 9.1 0.012

Medication:

b Blockers (%) 8.5 0.6 <0.01

ACE inhibitors (%) 16.2 8.0 0.03

Diuretic therapy (%) 26.2 21.1 0.06

No MMSE (mini-mental state) 12-month follow-up data available for Safepace 1.

350 Heart 2009;96:347e351. doi:10.1136/hrt.2009.176206

Heart rhythm and pace disorders

 group.bmj.com on March 6, 2010 - Published by heart.bmj.comDownloaded from 

http://heart.bmj.com/
http://group.bmj.com/


2. Kenny RA, Traynor G. Carotid sinus syndromeeclinical characteristics in elderly
patients. Age Ageing 1991;20:449e54.

3. Cummings SR, Nevitt MC, Kidd S. Forgetting falls. The limited accuracy of recall of
falls in the elderly. J Am Geriatr Soc 1988;36:613e16.

4. Richardson DA, Bexton RS, Shaw FE, et al. Prevalence of cardioinhibitory carotid
sinus hypersensitivity in patients 50 years or over presenting to the accident and
emergency department with "unexplained" or "recurrent" falls. Pacing Clin
Electrophysiol 1997;20(3 Pt 2):820e3.

5. Davies AJ, Steen N, Kenny RA. Carotid sinus hypersensitivity is common in older
patients presenting to an accident and emergency department with unexplained falls.
Age Ageing 2001;30:289e93.

6. Kerr SRJ, Pearce MS, Brayne C, et al. Carotid sinus hypersensitivity in asymptomatic
older persons: implications for diagnosis of syncope and falls. Arch Intern Med
2006;166:515e20.

7. Kenny RAM, Richardson DA, Steen N, et al. Carotid sinus syndrome: a modifiable risk
factor for nonaccidental falls in older adults (SAFE PACE). J Am Coll Cardiol
2001;38:1491e6.

8. Kenny RA, O’Shea D, Parry SW. The Newcastle protocols for head-up tilt table
testing in the diagnosis of vasovagal syncope, carotid sinus hypersensitivity, and
related disorders. Heart 2000;83:564e9.

9. Brignole M, Alboni P, Benditt D, et al. Task Force on Syncope ESoC. Guidelines on
management (diagnosis and treatment) of syncope. Eur Heart J 2001;22:1256e306.

10. Parry SW, Richardson DA, O’Shea D, et al. Diagnosis of carotid sinus hypersensitivity
in older adults: carotid sinus massage in the upright position is essential. Heart
2000;83:22e3.

11. Parry SW, Reeve P, Lawson J, et al. The Newcastle protocols 2008: an update on
head-up tilt table testing and the management of vasovagal syncope and related
disorders. Heart 2009;95:416e20.

12. Vardas PE, Auricchio A, Blanc J-J, et al. Guidelines for cardiac pacing and cardiac
resynchronization therapy: The Task Force for Cardiac Pacing and Cardiac
Resynchronization Therapy of the European Society of Cardiology. Developed in
Collaboration with the European Heart Rhythm Association. Europace
2007;9:959e98.

13. Davies AJ, Kenny RA. Frequency of neurologic complications following carotid sinus
massage. Am J Cardiol 1998;81:1256e7.

14. Benditt DG, Sutton R, Gammage MD, et al. Clinical experience with Thera DR rate-
drop response pacing algorithm in carotid sinus syndrome and vasovagal syncope.
The International Rate-Drop Investigators Group. Pacing Clin Electrophysiol 1997;20
(3 Pt 2):832e9.

15. Morley CA, Perrins EJ, Grant P, et al. Carotid sinus syncope treated by pacing.
Analysis of persistent symptoms and role of atrioventricular sequential pacing.
Br Heart J 1982;47:411e18.

16. Graux P, Guyomar Y, Lejeune C, et al. Contribution of a pacemaker bradycardia
detection algorithm in the study of patients with carotid sinus syndrome. Pacing Clin
Electrophysiol 2001;24:921e4.

17. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189e98.

18. Davison J, Bond J, Dawson P, et al. Patients with recurrent falls attending Accident &
Emergency benefit from multifactorial interventionea randomised controlled trial. Age
Ageing 2005;34:162e8.

19. Pocock S. Clinical trials: a practical approach. Wiley Blackwell, 1983;ISBN-10:
0471901555.

20. Freund-Levi Y, Eriksdotter-Jonhagen M, Cederholm T, et al. omega-3 fatty acid
treatment in 174 patients with mild to moderate Alzheimer disease: OmegAD Study:
a randomized double-blind trial. Arch Neurol 2006;63:1402e8.

21. Parry SW, Steen N, Bexton RS, et al. Pacing in elderly recurrent fallers with carotid
sinus hypersensitivity: a randomised, double-blind, placebo controlled crossover trial.
Heart 2009;95:405e9.

22. Connolly SJ, Sheldon R, Thorpe KE, et al. Pacemaker therapy for prevention of
syncope in patients with recurrent severe vasovagal syncope: Second Vasovagal
Pacemaker Study (VPS II): a randomized trial. JAMA 2003;289:2224e9.

23. Raviele A, Giada F, Menozzi C, et al. A randomized, double-blind, placebo-controlled
study of permanent cardiac pacing for the treatment of recurrent tilt-induced
vasovagal syncope. The vasovagal syncope and pacing trial (SYNPACE). Eur Heart J
2004;25:1741e8.

24. Connolly SJ, Sheldon R, Roberts RS, et al. on Behalf of the Vasovagal Pacemaker
Study I. The North American Vasovagal Pacemaker Study (VPS): a randomized trial of
permanent cardiac pacing for the prevention of vasovagal syncope. J Am Coll Cardiol
1999;33:16e20.

Heart 2009;96:347e351. doi:10.1136/hrt.2009.176206 351

Heart rhythm and pace disorders

 group.bmj.com on March 6, 2010 - Published by heart.bmj.comDownloaded from 

http://heart.bmj.com/
http://group.bmj.com/



