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ABSTRACT

Carotid sinus syndrome (CSS) is a disease of the autonomic nervous system presenting with syncope,
especially in older males who often have cardiovascular disease. The aetiology is unknown and
epidemiological data is limited. Forty new patients/million population have been estimated to require
pacing for CSS and these patients represent ~9% of those presenting syncope to a specialist facility.
CSS is defined as a response to carotid sinus massage (CSM) that includes reproduction of
spontaneous symptoms. Cardioinhibitory CSS shows 3s asystole on CSM and vasodepressor CSS
shows >50 mmHg fall in blood pressure (BP), there are mixed forms. The methodology of CSM
requires correct massage in the supine and upright with continuous ECG and BP. Assessment of the
vasodepressor component implies the ‘method of symptoms’ using atropine to prevent asystole.
Carotid sinus hypersensitivity (CSH) is a related condition where CSM is positive in an asymptomatic
patient. CSH cannot be assumed to respond to pacing. CSS patients present syncope with little or
no warning. If no cause is revealed by the initial evaluation, CSM should be considered in all patients
> 40 years. CSM carries a small risk of thromboembolism. Therapy for cardioinhibitory CSS is dual
chamber pacing, which is most effective in patients with a negative tilt test. Syncope recurrence is
~20% in 5 years in paced patients. Therapy for the vasodepressor component of CSS, as pure
vasodepression or mixed, where tilt testing will likely be positive, is often unrewarding: alternative
therapeutic measures may be needed including discontinuation/reduction of hypotensive drugs.
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DEFINITION

Carotid sinus syndrome is defined, by the new Guidelines of the European Society of Cardiology (ESQ)*
as syncope with reproduction of symptoms during carotid sinus massage (CSM) of 10s duration. It is
cardioinhibitory (Cl) when CSM generates >3s asystole (Figure 1). It is always vasodepressor but the
degree of vasodepression varies and when it exists alone, the vasodepressor (VD) form, the systolic
blood pressure falls >50 mmHg.* Intermediate or Mixed forms show both features.
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Figure 1. Case of CSS showing result of CSM. Courtesy of Dr. Michele Brignole.

For purposes of clarity, carotid sinus hypersensitivity (CSH) is not carotid sinus syndrome (CSS).
CSH is present when a patient has cardioinhibitory, mixed or vasodepressor findings on CSM,
with or without symptoms but is asymptomatic otherwise.

The most recent European Society of Cardiology Guidelines on Pacing' considered altering the
previously used 3s duration of asystole to 6s (a new cut-off) for decisions concerning selection of
pacing therapy as 3s is too short. The duration of asystole, which causes symptoms in Cl and Mixed
forms is generally much longer than the historical 3 s cut-off value. On average the duration of asystole
to cause symptoms is 7.6 = 2.2 s and the fall in blood pressure is 63 + 24 mmHg.”> CSS is a
provocative test and like tilt testing it is difficult to be sure that the provocation reproduces what
happens spontaneously.

AETIOLOGY

The aetiology of CSS is unknown. It presents in older persons, with a mean age ~ 75 years, and has a
strong male dominance >2:1. CSS is an autonomic nervous system disease involving a pathological
reflex, the pathophysiology of which has features similar to vasovagal syncope (VVS) with two main
elements of its reflex involving cardioinhibition via the vagus nerve and vasodepression, which is
thought to be due to sympathetic withdrawal. The abnormal reflex has been attributed to disturbance
of baroreceptor function® and also to degeneration of the medulla.> CSS has overlap with VWS
(Figure 2). Both may exist in the same patient, but they appear to be independent of each other.”
Carotid sinus syndrome has its name because its initial discovery was by mechanical stimulation of the
Carotid sinus as described by Roskam® and Weiss and Baker.? Their patients had the so-called
spontaneous form of the disease. Tight collars and neck movements®® have a particular tendency to
trigger the reflex and occasionally neck tumours, neck surgery or irradiation may also act as triggers.*®
Most patients present syncope without any local trigger but the diagnosis is nevertheless made by
addressing the carotid sinus by massage, CSM, as described above.

EPIDEMIOLOGY

Comprehension of the epidemiology of carotid sinus syndrome is adversely affected by confusion
over its definition. The only fairly precise estimates of incidence of CSS were made in the 1980s
from Lavagna in Italy** and from Worthing, Sussex in the United Kingdom™ which gave that of
cardioinhibitory CSS as 35—-40 new patients per million population per year. The reason for the
restriction to cardioinhibition reflects selection of patients for treatment by pacing. To my knowledge
there have been no good estimates of population incidence that include the vasodepressor form of
CSS. The prevalence of CSS has been estimated to be <4% in patients <40 years and 41% in those
>80 years attending a specialized syncope facility.”>*# Estimates of the incidence amongst patients
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4 Positive: 79 pts
b Negative: 21 pts

Figure 2. Overlap of results of provocative testing in patients with unexplained syncope. The Venn diagram
shows the distribution of positive responses to CSM, Eyeball compression and head-up tilt test in 100 patients
with unexplained syncope with 79 having at least one positive test and 21 were negative to all provocations. The
numbers in the HUT circle represent the total of positive responses with the numbers in brackets representing
those positive tests without isoproterenol challenge (after Brignole and Menozzi®). CSM = Carotid sinus
massage, EBC = Eyeball compression, HUT = head-up tilt test.

presenting with syncope are better than population data with the latest figures from Lavagna,

Italy being 8.8% having CSS in a population of 1855 patients with unexplained syncope by initial
evaluation.” Of these 164 patients 81% had asystole with CSM and 19% had vasodepression. CSS is
more common at 8.8% of presenting patients than cardiac syncope of all types, as this represents 10%
of patients unexplained by the initial evaluation but only 5% of those after the final diagnosis.”

CLINICAL FEATURES

Patients present with syncope that has little or no prodrome. They are mostly males and often have
evidence of cardiovascular disease. With respect to rhythm disturbances there is an association
with sinus node disease ranging from 21—56% and with atrioventricular block (21—37%). Syncope
recurrence is common and is reported to be 50% in 2 years.’>*® There is also a high mortality, which is
considered to be related to co-morbidities and age rather than CSS itself.”” When monitored by a
special delayed hysteresis pacemaker or by an implantable loop recorder'>* in cardioinhibitory
patients the detected arrhythmia is sinus arrest without escape rhythm in 72%. The overlap between
CSS and VVS raises difficulties in determination of which is the attributable cause of syncope.®*

METHODOLOGY OF CSM

Carotid sinus massage should be considered in all patients with syncope over the age of 40 years when
the cause of syncope is not detected by the initial evaluation of the patient using clinical history from
patient and witness, physical examination, 12-lead ECG and estimation of blood pressure on standing
for 3 minutes.*® Below the age of 40, CSS is sufficiently rare to allow omission of CSM.

Carotid sinus massage is conducted in a hospital facility. When the patient undergoes the test,
the possible outcome should be explained beforehand. In some countries written consent may be
required. It must be regarded as a provocative test that carries a small risk of cerebral embolism almost
always associated with complete recovery.” Nowadays, the test is often performed in a tilt test
laboratory as there, supine and erect massage of the two carotids sequentially can be undertaken in a
controlled and safe manner. The added diagnostic value of repeating CSM in the upright position has
been well documented by Kenny’s group.?® During the test, the ECG, together with beat-to-beat blood
pressure, usually non-invasively, is continuously recorded (Figure 1).

The carotid artery sinus lies at the anterior margin of the sternocleidomastoid muscle at the level of
the cricoid cartilage. Usually the right artery is massaged first for no reason more than right structures
are examined first with the physician approaching from the patient’s right. Massage of the artery can
be performed by the thumb or by the index, middle and ring fingers according to personal preference.
The essence of massage is that it is massage and not extreme pressure, and certainly not occlusive
pressure. If necessary, this can be monitored by a finger of the other hand on the ipsilateral temporal
artery. There is some lateralisation of positive responses, with sinus arrest being the more common
response to right artery massage, and atrioventricular block being seen occasionally on left massage.*
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Massage is conducted for 10s. After the right artery, the left is massaged. The tilt table is then raised to
60—80 degrees and the right and left massages are repeated. The question of whether this test should
be performed before or after a formal tilt test is not, at present, answered. Our own practice is to
perform it after the tilt test; Brignole prefers to perform it before tilt, as the effect of tilt on CSM findings
is unknown (personal communication). The above given definitions of CSS and CSH are what constitute
positive results. The results of CSM are repeatable phenomena but there is potential for fatigue. It is,
therefore, recommended that only the minimum number of massages be performed (4 or 6 if the
method of symptoms is employed).

Method of symptoms

The ‘Method of symptoms’ was first proposed by Thomas in 1969, but clinically applied by Brignole.**
It is clear that an asystolic response will have a major effect on blood pressure. So, in order to assess
the possible contribution of vasodepression in an asystolic patient atropine can be given intravenously
(1mg or 0.02 mg/kg body weight) and the massage repeated. Asystole is then prevented by the drug
and the fall in blood pressure can be measured. Atropine has side-effects and these need to be
discussed with the patient at the outset of the test and included in the formal consent, if one is used.
Further to the above given definitions, a mixed response to CSM is one where there is an asystolic
period of >3s and a fall in blood pressure of >50 mmHg. This can only be assessed using active
prevention of the asystole by atropine or possibly by temporary pacing, which is considered too
invasive, except in very unusual cases. This describes the ‘Method of symptoms’ where if there is
asystole in the first massage with reproduction of symptoms and symptoms are abolished by atropine
in the second massage of the same artery it is revealed that the period of asystole was responsible for
the symptoms, see Table 1 ‘Classification of CSS’.

Table 1. Classification of CSS (after Brignole and Menozzi®).

Dominant Cardioinhibitory CSS

Initial CSM: Ventricular asystole >3s + reproduction of spontaneous symptoms. CSM + Atropine: Absence of
ventricular asystole and symptoms (Vasodepressor component either insufficient to cause symptoms or absent).

Mixed CSS

Initial CSM: Ventricular asystole >3s + reproduction of spontaneous symptoms. CSM + Atropine: BP fall
>5ommHg with reproduction of spontaneous symptoms.

Dominant Vasodepressor CSS

Initial CSM: Ventricular asystole absent or <3s + BP fall >50mmHg with reproduction of spontaneous symptoms.
CSM + Atropine: Ventricular asystole absent, BP fall as with Initial CSM + reproduction of spontaneous
symptoms.

CSS = Carotid sinus syndrome, CSM = Carotid sinus massage, BP = Blood pressure. Atropine administered IV 0.02 mg/kg body weight.

Contraindications to CSM

Currently, it is accepted that a carotid bruit is a contraindication to CSM but it is known that carotid
bruits do not correlate well with degrees of carotid stenosis. A Carotid bruit’s elevation of the risk of
massage has never been put to the test. However, in small series, patients with quite severe carotid
stenoses have safely undergone CSM.?? There is less controversy about recent (within 3 months)
transient ischaemic attacks, strokes and myocardial infarctions providing contraindications to CSM, but
the nature of the contraindication should be more considered to the autonomic changes wrought by
these conditions altering the results, than the dangers of the CSM at this time.** CSM occasionally
precipitates atrial fibrillation, which quickly reverts to sinus rhythm.

CAROTID SINUS HYPERSENSITIVITY

As has been stated, carotid sinus hypersensitivity is a positive response to carotid sinus massage in an
asymptomatic patient. It could, therefore, be construed that CSH is a precursor of CSS. While this may
be true, no data exist to confirm this possibility. However, CSH has been taken to indicate the existence
of an abnormal reflex, which may have importance in unexplained falls, where it is necessary to take
into account that there may have been syncope but the history of syncope is unavailable due to the
relatively common amnesia for the event.?> Several studies have been performed to investigate the role
of the abnormal reflex in unexplained falls and its possible treatment by pacing to prevent the expected
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bradycardia and thereby prevent at least some falls.?4 ™27 The first trial, SAFE PACE,** showed promise
that there may be a favourable influence of pacing but this has not been substantiated in the
subsequent studies.>> 27 One of the reasons for these disappointing results may be the lack of
equivalence of CSH to CSS in fallers.

TREATMENT OF CARDIOINHIBITORY CSS

Pacing was introduced for this indication in the 1970s%® and was developed in the early 19805 when
dual chamber pacing became widely available.*®3° The results were encouraging to enthusiasts, but
neither the diagnosis nor the therapy became accepted practice for an extended period. CSM was not
performed in many centres and was considered dangerous until the relatively benign complications
incidence was reported.* Syncope recurrence was also considered to be a problem. That it was higher
than in atrioventricular block should have been anticipated, as CSS is a form of reflex syncope
involving — in every case — some degree of vasodepression. Results in the late 1980s, showing a 9%
recurrence with dual chamber pacing and 18% with ventricular pacing in 5 years gave a realistic picture
at the time.?* This was corroborated by Lopes et al in 2011,%* using dominantly dual chamber pacing
with 10.9% recurrence also in 5 years, but Brignole and Menozzi found 20% in their series over 5 years
of follow-up.?® Furthermore, in relation to current data, these figures are relatively acceptable with
~20% in sinus node disease in 5.5 years> and 25% in 2 years in older vasovagal patients.>®> One
randomized trial (RCT) was performed on 60 patients in 1992, with a highly significant benefit of
pacing being shown (p < 0.002),2° with a second RCT by another group in 2007 serving to confirm
the earlier results.>”

CSS became fully accepted as having a strong indication for pacing and is classified as a Class 1
indication, level of evidence B in the current ESC Guidelines for Pacing.! The mode of pacing is advised
to be dual chamber for all those in sinus rhythm, reserving VVI pacing for those in permanent atrial
fibrillation.

Recent earlier evidence suggests that, in both CSS and VVS, a positive tilt test implies a less positive
outcome, in terms of recurrent syncope (Figure 3), from pacing,®®3° which may be explained
by the presence of a more potent vasodepressor component of the reflex.4° It is in this regard that
consideration of overlap between CSS and VVS is most important.

There is a case to be made for use of tilt-testing in CSS to risk stratify cardioinhibitory or mixed
patients in order to anticipate the likely recurrence of syncope and, perhaps, to go a step further and

Recurrence of syncope according to tilt test results
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Figure 3. Recurrence of syncope according to tilt-test results Figure reproduced with permission of Oxford
University Press. From Solari et al.> CI = Cardioinhibitory.
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attempt prophylactic treatment of the vasodepressor component. However, since this treatment is less
than satisfactory it may be prudent to await a first recurrence before embarking on therapy.

THERAPY OF VASODEPRESSOR CSS

Management of vasodepressor CSS has received relatively little attention.** Patients are advised to
take increased volumes of fluid (2+ litres/day) and, if safe, to increase salt consumption toward
6g/day. The principle difficulty in management is the frequent coincidence of hypertension. This
coincidence becomes even more important when drug therapy of recurrent syncope has to be
considered because those drugs, which may offer benefit in supporting low blood pressure during
symptoms are likely to raise blood pressure to unacceptable levels at all other times. The first step
should be to attempt reduction or cessation of hypotensive medication.” Following this, if
unsatisfactory, fludrocortisone and midodrine are the drugs typically considered, but both are
contraindicated in hypertensive patients. Little trial evidence is available to guide the physician. One
trial, a RCT, included some vasodepressor CSS patients with a measure of success, but the trial was
very small in size and without prolonged follow-up.** Recent discussions of the aggressiveness of
blood pressure control are relevant to these patients*® and it is reasonable to allow higher than
recommended levels of blood pressure to gain benefit at times of hypotension. A newly-available drug,
droxidopa, may have some value in these patients but no evidence is yet available in CSS
management. The most frequently considered drug is midodrine but one of its common side effects
in males is urinary retention, making it untenable in many who might benefit.

CONCLUSIONS

Carotid sinus syndrome is a relatively common cause of syncope in patients > 40 years old but it is,
even today, too infrequently sought as a possible cause. It occurs dominantly in males of advanced age
and is diagnosed by CSM with reproduction of spontaneous symptoms.

Carotid sinus hypersensitivity is a positive result of massage in the absence of clinical symptoms.
Thus, these two conditions must be held as distinct entities. CSS is present in 8.8% of patients
with syncope unexplained after initial evaluation, cardiac syncope is present in 10% of all patients
presenting syncope and in 5% of those unexplained after initial evaluation, thus CSS is more frequent
than all types of cardiac syncope combined.

Cardioinhibitory CSS is treated with acceptable success by pacing dual chamber in all those showing
sinus rhythm. Greatest success may be expected in those patients who are tilt-test negative. Treatment
of vasodepressor CSS is difficult and often unsatisfactory. Reduction of hypotensive medication and
fluid intake increase should be the first step in management if the patient has been taking anti-
hypertensive therapy. If recurrent syncope cannot be controlled, careful use of midodrine together with
acceptance of higher than usually accepted blood pressure levels is recommended. Tilt-test positive
patients may have recurrence of syncope despite adequate pacing. They may benefit from measures to
control the vasodepressor component of the reflex.
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