Dr Mark Mallet is

Consultant Physician in
the Medical Assessment

Unit, Royal United
Hospital,
Bath BA1 3NG

REVIEW
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This article reviews the recent literature about carotid sinus syndrome. It
looks principally at the various ways in which it may present, the limited
knowledge of its pathophysiology, and the role of carotid sinus massage in
the investigation of carotid sinus syndrome.

arotid sinus hypersensitivity (CSH) is

increasingly recognized as having an

important role in the aetiology of syn-

cope and recurrent or otherwise unex-
plained falls. CSH is the term used to reflect an
exaggerated baroreceptor-mediated reflex which
results in bradycardia and/or hypotension in
response to stimulation of the carotid sinus;
when CSH is demonstrated in the context of
symptoms of syncope or presyncope this com-
prises carotid sinus syndrome (CSS). There are
three subtypes: cardioinhibitory, defined arbi-
trarily as asystole for more than 3 seconds;
vasodepressor (defined as a fall in systolic blood
pressure (BP) greater than 50 mmHg), and a
mixed type combining features of both.

PREVALENCE

Prolongation of the RR interval in response to
carotid sinus massage (CSM) varies continu-
ously in the normal population, possibly length-
ening slightly with age, and is abnormal
(>3 seconds) in 0-4% of healthy elderly people
(Brignole et al, 1985; MclIntosh et al, 1994;
Jeffreys et al, 1996). In patients with coronary
artery disease and carotid atherosclerosis
(Kallikazaros et al, 1997) this prevalence is
increased significantly, and corresponds to the
degree of coronary or carotid stenosis. CSH is
also more common in patients with hyperten-
sion. It is essentially a disease of older people,
being found increasingly commonly with
advancing age, and is rare in people below the
age of 50 years in the absence of significant
coronary or cerebrovascular disease.

PRESENTATION

There is usually little or no prodrome, so symp-
toms occur suddenly and unpredictably, although
they can be precipitated by head turning while
wearing tight neckwear. CSS commonly presents
with episodes of syncope or presyncope, but can
also appear in other guises. For example, the
incidence of CSH is increased in patients pre-
senting with femoral fractures: in one study 36%
of cases compared to 0-17% of controls had

CSH, and this was more likely if there were pre-
vious unexplained falls or if the index fall was
unexplained (Ward et al, 1999). Out of 100 nurs-
ing home patients 14 were found to have CSH,
and those with CSH had a four-fold increase in
fractures and a ten-fold increase in syncope over
the next 33 months compared to those without
CSH (Murphy et al, 1986).

A high incidence of CSH has also been found in
older patients who presented with drop attacks, i.e.
a ‘sudden loss of postural tone without loss of
consciousness’. CSH was found in 24 out of 35
(69%), and considered to be a definite attributable
cause in 18 (51%) (Dey et al, 1997). The majority
had cardioinhibitory CSH (CICSH) or mixed
CSH, and most had amnesia for loss of conscious-
ness demonstrated with CSM, raising the possibil-
ity that at least some drop attacks may in fact be
syncopal events with retrograde amnesia. In
another study 74 patients with apparent treatment-
resistant epilepsy underwent cardiovascular inves-
tigations; an alternative diagnosis was found in 31
(42%), and 7 (9.5%) had CICSH (Zaidi et al,
2000). CSS has also rarely been associated with
carotid body or other head and neck tumours.

CSH is an important cause of syncope and
presyncope, being found in 55 of 80 patients
(66%) (Morillo et al, 1999) and 917 of 1719
patients (53%) (Puggioni et al, 2002) with recur-
rent syncope. Other age-related conditions such
as orthostatic hypotension, postprandial
hypotension and vasovagal syncope also mani-
fest as bradycardic or hypotensive episodes, and
it is increasingly recognized that all these condi-
tions which result in such ‘neurovascular insta-
bility’ can present in quite varied ways, with a
large overlap between falls, syncope and dizzi-
ness. In series of elderly patients presenting with
any of these symptoms, CSH was found in 48%
(Mclntosh et al, 1993), and in those presenting
with falls or syncope in 15-21% (Bacon and
Grunstein, 2000; Eltrafi et al, 2000). In one
study symptoms were precipitated by head
movement in about half the cases; half sustained
injury, and a quarter a fracture (of whom 93%
had no warning prodrome) (Morillo et al, 1999).
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CSH AND FALLS

CSH has been found in a high proportion
(23-73%) of otherwise unexplained falls in older
people, with the proportion rising in more
advanced age (Davies and Kenny, 1996;
Richardson et al, 1997; Davies et al, 2001). A
witness account of the events is often unavail-
able; many patients with demonstrable CSH as
the cause of their falls or dizziness deny syncope,
and amnesia for loss of consciousness induced by
CSM is only seen in 23-51% of those presenting
only with falls or falls and dizziness (Shaw and
Kenny, 1997). In some patients with underlying
gait and balance instability, hypotension caused
by CSH results in loss of balance; however,
unrecognized syncope is more likely to be the
cause of many recurrent or unexplained falls in
the presence of demonstrable CSH.

Those with CSH who present with recurrent
falls differ somewhat from those who present with
syncope: more are female, there is less cardiovas-
cular co-morbidity, and a higher proportion only
have a positive response to CSM when upright
(Parry et al, 1998). But could CSH just be an asso-
ciated physical sign in recurrent falls, in a popula-
tion of patients likely to have underlying
atherosclerotic disease? Studies have been
unblinded, the provocation test of CSM gives an
unstandardized stimulus to the baroreceptor reflex
pathway, and there is little convincing trial evi-
dence of benefit of treatment (O’Mahony, 2001).
Of greatest interest is whether CSM reproduces
the pathophysiological process occurring during
spontaneous episodes of falls, syncope or presyn-
cope. Currently these are unknown; this reinforces
the need to insist on reproducing the presenting
symptom in order for a positive response to CSM
to be labelled as the attributable cause.

PATHOPHYSIOLOGY

Slowing of the heart rate in response to carotid
pressure was first described in 1799, and the first
case of CSS was reported in 1930 (McIntosh and
Kenny, 1994). The carotid sinus is located at the
bifurcation of the internal and external carotid
arteries. Sensory nerve endings in the elastic tis-
sue of the sinus join the glossopharyngeal nerve;
some fibres run with the vagus and hypoglossal
nerves and the cervical sympathetic nerves. The
afferent limb passes to the nucleus tractus solitar-
ius in the medulla, and the efferent limb of the
reflex includes sympathetic components to the
heart and vasculature, and parasympathetic ele-
ments to the sinus and atrioventricular nodes. The
vasodepressor reflex is principally mediated by
sympathetic inhibition, and the cardioinhibitory
component by an increase in vagal tone.

The cause of apparent hypersensitivity of the
carotid sinus reflex has not been identified, and
baroreflex sensitivity tends to be blunted in old
age and those with hypertension. Efferent auto-
nomic function seems to be preserved, and despite
the higher prevalence of carotid atherosclerosis
afferent pathways remain intact. Ischaemic dam-
age in the central nucleus might result in hyper-
sensitivity of the reflex (O’Mahony, 1995), and
there may also be a component resulting from
impaired cerebral autoregulation (Leftheriotis et
al, 2000). Another suggestion is that chronic up-
regulation of post-synaptic receptors results in
exaggerated efferent responses on stimulation of
the carotid sinus, causing carotid sinus ‘irritabil-
ity’ rather than hypersensitivity (Cole et al, 2001).
Another possibility is the involvement of neuro-
muscular structures around the carotid stretch
receptors (Blanc et al, 1997).

Overlap with other causes of neurovascular
instability is well recognized: orthostatic
hypotension was found in 27% and vasovagal
syncope (predominantly vasodepressor) in 20%
of patients with CSS by MclIntosh et al (1993),
and one or other in 60% of those with vasode-
pressor CSH by Puggioni et al (2002). This
implies that at least to some degree a common
pathological process is involved; the physiologi-
cal changes in CSH and vasovagal syncope in
particular are very similar, both involving inap-
propriately enhanced autonomic reflex activity.

INVESTIGATION
CSH is diagnosed by CSM. After consent has
been obtained, longitudinal massage is carried
out over the point of maximum pulsation of the
carotid artery for 5-10 seconds (Brignole et al,
2001). Continuous electrocardiographic and BP
monitoring are essential in order to detect rapid
changes in RR interval or BP. Massage is per-
formed first over the right carotid sinus and then
after 30—60 seconds rest on the left (since more
positive results are gained on the right side); after
performing CSM in the supine position it should
be repeated upright (70° head-up tilt), since at
least 30% are only abnormal in the upright posi-
tion (Mclntosh et al, 1993; Parry et al, 2000).
Atropine may be given to abolish the cardio-
inhibitory response and reveal the extent of any
vasodepressor element. The vasodepressor reflex
lasts longer than the cardioinhibitory reflex, and
may contribute to a more prolonged hypotension
(Gaggioli et al, 1995); it is best evaluated in the
upright position. It is important to establish
whether there is a vasodepressor component, since
pacing is less effective in mixed CSH with a major
vasodepressor component than in pure CICSH.
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Current UK recommendations list the contra-
indications to CSM as the presence of a carotid
bruit; a stroke, transient ischaemic attack (TIA)
or myocardial infarction in the last 3 months; or a
history of a sustained ventricular arrhythmia.
Others would only exclude those with recent
cerebral ischaemic attacks, and complication
rates are no worse with this strategy, with three
TIAs occurring in 1719 patients (0.17%)
(Puggioni et al, 2002). Complication rates in
three other large series varied from 0.07-0.24%
episodes of CSM, with most of these being tran-
sient and fully reversible; permanent deficits
occurred in five out of 24 805 (0.02%) episodes
of massage (Munro et al, 1994; Davies and
Kenny, 1998; Richardson et al, 2000).

The cardioinhibitory reflex has been shown to
have good reproducibility with a significant corre-
lation of maximum RR intervals (» = 0.79), and
concordance with a normal or abnormal result in
93% (Brignole et al, 1985). A positive response to
CSM also correlates to some extent with sponta-
neous episodes of syncope, since syncopal events
are reduced by pacing (Brignole et al, 1992), and
significant pauses were also detected by pacemak-
ers in 53% of patients treated for syncope over a 2-
year follow-up period (Menozzi et al, 1993).

MANAGEMENT
No treatment is necessary in asymptomatic sub-
jects. Earlier intervention is being considered for
those with symptoms to prevent falls and signifi-
cant injuries, although long-term mortality in these
individuals is unaffected. In the first instance,
CSM should be repeated after stopping any identi-
fied culprit medication. If persistent, syncope
resulting from CICSH can be successfully treated
by dual chamber pacing in at least 80% of cases,
although some patients will continue to experience
dizziness or presyncope (Brignole et al, 1992).
Dual chamber implants improve symptoms and
prevent hypotension better than single chamber
implants (Mclntosh et al, 1997); a rate drop
response algorithm might also improve efficacy.
Questionnaire follow-up of 40 patients who under-
went pacing for CICSH found a marked overall
improvement with pacing, although there were
persistent severe symptoms in 16% and persistent
minor symptoms in 40% (Crilley et al, 1997).
Vasodepressor CSH is more difficult to treat
effectively. Fludrocortisone reduces the BP
responses to CSM, although its use is limited by
long-term side effects in the elderly. The o-agonist
midodrine is an alternative, and is generally well
tolerated, but supine hypertension is sometimes a
problem. There is some evidence that selective
serotonin re-uptake inhibitors may be of benefit

(Dan et al, 1997), possibly by downregulating the
sudden loss of sympathetic tone. Surgical denerva-
tion of the carotid sinus is generally reserved for
CSS which is resistant to other therapy, or in the
context of coexisting neck pathology or carotid
endarterectomy (Fachinetti et al, 1998).

Treatment of falls attributed to CSH is less
well established than that of syncope. The SAFE
PACE study (Syncope And Falls in the Elderly -
Pacing And Carotid sinus Evaluation; Kenny et
al, 2001) found a reduction in falls (mean 4.1 vs
9.3; odds ratio = 0.42, confidence interval =
0.23-0.75), as well as 40% fewer syncopal
episodes and 70% fewer injurious events in the
paced group compared to the controls. This was
an unblinded, preliminary study, however, and the
results of a multicentre randomized control trial
(SAFE PACE 2) are awaited, which will assess
the efficacy of dual chamber pacing in CSH and
recurrent unexplained falls (Kenny, 1999).

CSH AND DEMENTIA

Neurovascular instability of one form or another
(orthostatic hypotension, vasovagal syncope or
CSH) is more common in patients with Lewy
body dementia (DLB) and Alzheimer’s disease. In
one study 77% of DLB and 57% of Alzheimer’s
disease patients had at least one form of neurovas-
cular instability (more than six times the frequency
in a normal elderly population), with CSH occur-
ring in 51% of DLB and 44% of Alzheimer’s dis-
ease patients. CICSH was particularly common in
DLB patients (41%) (Ballard et al, 1998).

A second study in DLB and Alzheimer’s dis-
ease patients (Ballard et al, 2000) found that a
drop of more than 30 mmHg in systolic BP in
response to CSM or standing was significantly
associated with the severity of deep white matter
and basal ganglia hyperintensities on magnetic
resonance imaging. Patients with CICSH having
the largest drops in BP were most at risk. These
results are intriguing, and further studies are
underway to clarify the relationship between neu-
rovascular instability and dementia. This is also
relevant to current practice, since cholinesterase
inhibitors might be expected to exaggerate
vagally-mediated bradycardias, and are increas-
ingly used in DLB as well as Alzheimer’s disease.

CONCLUSION

CSH is a common cause of unexplained falls and
syncope in the elderly. It is rare in the healthy pop-
ulation, although it is associated with atheroscle-
rotic disease, and its mechanism is unknown. It is
likely to be underdiagnosed, possibly because of
failure to test appropriately. Some forms of CSH
can be successfully treated by pacing, although
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others are less amenable to current therapies. CSH
seems to be more common in older patients with
dementia, although the implications of this are not
yet clear. A lot remains to be learned about the
pathophysiology, significance and most effective
methods of treatment of this condition.
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KEY POINTS

be effectively treated with dual chamber pacing.

are common in patients with dementia.

Carotid sinus hypersensitivity is a common cause of syncope in the elderly.
It is frequently found in patients with recurrent or unexplained falls.
The pathological mechanism of carotid sinus hypersensitivity is unknown.

Many cases of cardioinhibitory or mixed carotid sinus hypersensitivity can

Carotid sinus hypersensitivity and other forms of neurovascular instability
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