Clin. Cardiol. 25, 161-166 (2002)

Exaggerated Carotid Sinus M assage Responses Are Related to Severe Coronary
Artery Diseasein Patients Being Eva uated for Chest Pain
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Summary

Background: Previousstudieshave reported that carotid Si-
nus massage responses are associ ated with advancing ageand
carotid or coronary artery disease.

Hypothesis: This study was undertaken to investigate
the potential roleof carotid Sinushypersengtivity asamarker
for the presence of coronary artery disease, and especialy left
main stem disease, in patientswho were referred for evalua-
tion of chest pain.

Methods: Toward thisend, carotid sinusstimulationwith si-
multaneous recordings of the electrocardiogram and aortic
pressure was performed before coronary arteriography in 150
sdlected consecutive patients (mean age 59.4 + 9 years) who
werereferred for eval uation of chest pain.

Results: Coronary artery diseasewaspresent in 118 patients
(78.7%); of these, 35 had single-vessdl disease, 35 had double-
vesse disease, 33 had triple-vessel disease, and 15 had left
main stem with or without such vessel disease. Carotid sinus
hypersensitivity was found in 40 patients (26.6%). The inci-
dence of hypersengtivity in patientswith single-, double-, or
triple-vessel disease and left main stem diseasewas 8.5, 14.2,
57.5, and 73.3%, respectively. Stepwise multiple logistic re-
gression analysisrevea ed that | eft main stem diseasewasSig-
nificantly and independently rel ated to the presence of carotid
sinus hypersensitivity (p<0.05). In addition, the presence of
hypersensitivity had 73.3% sensitivity, 86.2% specificity, and
96.3% negative predictive valuefor the presence of left main
stem disease.
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Conclusion: In patients being evaluated for suspected is-
chemic heart disease, carotid Sinus massage responsesarere-
lated to severe coronary disease. Theabsence of hypersengtiv-
ity may reflect absence of left main stem disease.
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Introduction

Thecarotid sinusasapart of the baroreceptor system plays
an important role in the normal reflex regulation of the car-
diovascular system.k: 2 Carotid sinus massage (CSM) fre-
quently serves as animportant diagnostic aid in deciphering
cardiac arrhythmias and has been regarded asauseful thera-
peutic maneuver inrelieving anginal pain or acute pulmonary
edemain patientswith coronary artery disease (CAD) or hy-
pertension.3-> In addition, previous studies have suggested
that carotid sinus hypersensitivity (CSH) is associated with
advancing age and coronary or carotid artery disease.58 The
aim of the present study was to assess the possible relation-
ship between CSH and the presence or absence of severe
CAD in patients who were referred for evaluation of chest

pain by coronary angiography.

Subjectsand Methods
Study Population

Thestudy groupincluded 210 consecutive patients, insinus
rhythm, whowerereferred for coronary angiography for eval-
uation of chest pain and/or abnormal noninvasivetest results
suggestive of ischemic heart disease.

From our study we excluded (1) patients in whom CSM
couldinducerisk (such aspatientswith recent cerebrovascul ar
infarction, ulcerated carotid atherosclerotic plague, or tota
carotid artery occlusion detected by ultrasonography, uncon-
trolled hypertension, and unstable anginaor recent acute my-
ocardid infarction), and (2) patientsin whom the interpreta-
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tion of coronary angiography was obscured (such as patients
with coronary bypassgraft or percutaneoustranduminal coro-
nary angioplasty). Also, we excluded patientswith cardiomy-
opathy, vavulopathy, sinus dysfunction, or persistent sinus
bradycardia below 50 beatsmin and any systemic disease.
Finally, 150 patientsfulfilling the abovecriteriawere sdl ected.

After adetailed history, al patients underwent a physical
examination, chest x-ray, e ectrocardiogram (ECG), and an ul-
trasound examination of the heart and carotid arteries. Thein-
dtitutiona ethicscommittee of our hospita approved the study
protocol that included an evaluation of risk factors for car-
diovascular diseases, carotid Sinusmassage, and coronary an-
giography—I eft ventricul ography. Writteninformed consent
was obtained from all patients after a detailed description of
the procedure.

Evaluation of Risk Factor Variables

Therisk factor variablesthat wereevauatedinthisstudy in-
cluded age, hypercholesterolemia (defined as totd plasma
cholesterol >210 mg/dl in the previous 12 months, or docu-
mented hypercholesterolemia requiring lipid-lowering drug
therapy), hypertenson (coded aspresent if therewasany histo-
ry of highblood pressureor if the blood pressure measured at
the hospital had at least twice exceeded 150 mmHg systolic or
95 mmHg diagtalic), diabetesmellitus (defined aspatient his-
tory of diabetes requiring treatment, or Hb A1 value > 8%),
smoking behavior (if the patient had smoked for >20 pack-
years), and family history (coded as positive if afirst degree
relaive had had aseriouscoronary event beforethe age of 60).°

Carotid SnusMassage

Carotid sinusmassagewas performed inthe catheterization
laboratory, after overnight fasting, just before coronary an-
giography. Cardiovascular medicationswere discontinued for
at least five drug half lives before CSM was performed and
premedication was not administered. A pigtail, fluid-filled
catheter was advanced to the ascending aorta through a 7F
sheath placed into the right femoral artery in order to record
theaortic pressure.

A temporal pacemaker dectrode was advanced to theright
ventriclethrough a5F sheath placed into theright femora vein
and was on standby. Two surface ECG leads were a so moni-
tored continuoudly. Carotid sinus massage was performed 20
min after the instrumentation and before coronary angiogra-
phy to dlow patientsto relax and for hemodynamic parame-
tersto stabilize, and also to exclude any effect of the contrast
medium on the carotid sinus reflex. Electrocardiogram and
aortic pressure tracings were recorded simultaneoudy on a
Honeywell multichannel strip chart recorder (Honeywell
Medica Electronic Division, New York, N.Y., USA) at paper
speedsof 25 and 50 mm/s.

Thetechnique used to perform thetest hasbeen previousdly
described.2 3.6 In brief, with the patient in the supine position,
during normal respiration, the carotid sinusregion wasidenti-
fied and themassagewasgently applied for 5sinaprogressive

fashion: we began our stimulation basically with alight touch
to observethe response and then we increased the strength of
the stimulation in successive attempts. If there was no re-
Sponse, pressure was increased for an additional 5 s. The di-
rection of the compressioninthe carotid bifurcation was usu-
aly against thevertebra spine. Wemadesurethat the pressure
applied did not occludethe carotid artery by s multaneouspal-
pation of theipsilateral temporary artery pulse. The massage
wasterminated prematurely only if an asystolelonger than3s
resulted. To reestablish control conditionsafter the massage of
the sinus was completed, we repeated the CSM on the other
sde2minlater.

The massage was cartied out by the sameinvestigator who
wasblindedtoclinical history of the patients, including there-
aultsof theischemic workup, with the sameintendity in order
tomaintain uniformity of stimulus. Simultaneousrecording of
theaortic pressureand the ECG started 10 sbeforeand contin-
ued during and after CSM until arteria pressureand heart rate
returned to basdinelevels.

Thefollowing variablesfrom the ECG and the aortic pres-
surerecordings were measured (Fig. 1): (1) Max R-R (ins):
thelongest R-Rinterval onthe ECG recording during carotid
sinusmassage. (2) Max AoP Fdl (inmmHg): the difference
between baseline systolic aortic pressure (average of 5 con-
secutive beats) immediately before CSM and thelowest sys-
tolic pressure during massage or immediately after massage
termination.

According to their exaggerated response to CSM, our
patientswere classified into three types: patientswith cardio-
inhibitory type (characterized by the provocation of ventricu-
lar asystole of a3 sminimum duration), vasodepressor type
(characterized by the provocation of a decrease in systolic
aortic pressure of at least 50 mmHg or a decrease of 30
mmHg in the presence of neurol ogic symptoms), and mixed
type (a combination of cardioinhibitory and vasodepressor
types).2 310,11 |n patients who exhibited asystole >3 s, the
CSM was repeated after the intravenous administration of
0.02 mg/kg atropinein order to eliminate heart rate dowing
and to allow the differentiation of the pure cardioinhibitory
type, the vasodepressor type, or themixed type.

To test the reproducibility of CSM responses, we repeated
the CSM in 15 patients 30 min after the first massage and be-
fore coronary angiography. Wefound asignificant correlation
(r=0.80) betweentheresultsof thefirst and second massage as
far asboth norma and exaggerated responsesare concerned.

Coronary Angiography

Coronary angiography and | eft ventricul ography were per-
formed using the standard Judkinstechnique. The percentage
of diameter stenosiswas cal culated by quantitative coronary
angiography with acommercially available automated coro-
nary anaysis sysem (DCI-S, Phillips Medical System,
Bothell, Wash., USA). Coronary artery disease was defined
asdiameter stenosis of >50%in at |east one major coronary
artery. According to the number of diseased vessals, our pa-
tientswere classifiedinto thefollowing fivegroups: Group 1
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Fic.1 (A)Recordingsof smultaneousintra-aortic pressureand two-lead e ectrocardiogram (ECG) before, during, and after carotid sinusmas-
sageinapatient. With the onset of right carotid massage, thereisan increased responsivenessregarding the heart rate and the aortic pressure. See
text for definitionsof intervals. (B) Coronary angiography of this patient showsleft main stem coronary artery disease and triple-vessdl disease

intheleft anterior obliquewith craniad angulation view.

no vessd disease, Group 2: single-vessdl disease, Group 3:
double-vessel disease, Group 4: triple-vessd disease, and
Group 5: left main stem (LMS) CAD (with or without such
vessd disease).

Statigtical Analyss

Data were expressed as mean + standard deviation. For
comparison between means, the paired Student’st-test or the
chi-square test was used where appropriate. Logistic regres-
sion analysis was applied to identify possible predictors of
adichotomousdependent varidble. A valueof p<0.05wasac-
cepted asstatistically significant.

Resaults
Clinical Features

The study group consisted of 127 men and 23 womenwith
amean age of 59.4 years (range 34—79). Of these, 91 (60.7%)
were smokers, 64 (42.7%) had hypercholesterolemia, 63
(42%) had hypertension, 35 (23.3%) had diabetes mdllitus,
and 22 (14.7%) had positivefamily history.

Coronary Angiographic Findings

Coronary angiography revedled CAD in 118 patients
(78.7%). In particular, 35 patients (23.3%) had single-vessdl
disease, 35 patients(23.3%) had double-vessel disease, 33 pa-
tients (22 %) had triple-vessel disease, and 15 patients (10%)
had LMS-CAD. Theremaining 32 patients(21.3%) had coro-
nary arterieswithout critical stenoss. Furthermore, the gjec-
tionfractionwas52 + 10 % (range 25-75).

Carotid SnusM assage Responses

The procedure of CSM was carried out without any mor-
bidity. The mean values of max R-R interval and max AoP
fall was 1.63 s(range 0.5-13) and 30.8 mmHg (range 5-70),
respectively.

The CSM responses, according to the massage on the left
andtheright carotid sinus, did not differ (p=0.38). Almost dl
patients (147 of the 150) had someheart rate d owing and ade-
creasein blood pressurewith CSM.

Carotid sinus hypersengitivity was found in 40 patients
(26.6%0). Themean vaduesof theMax R-Rinterval was3.84 s
(range 0.60-13.00) and Max AoPfal was43.5 mmHg (range
20-70).



164 Clin. Cardiol. Vol. 25, April 2002

TaBLE | Clinica characteristicsof the hypersenditive population

Age(years) 64.8+8.11
Sex (maefemae) 34/6
Smoking (%) 28(70.0)
Hypertension (%) 17(425)
Pogitivefamily history (%) 10(25)
Diabetesmellitus (%) 10(25)
Hypercholesterolemia (%) 29(72.5)

Cardioinhibitory type response was present in 29 patients
(72.5%), vasodepressor typein 5 patients (12.5%), and mixed
typein 6 patients (15%). Only three of the patientswith CSH
had ahistory of dizzinessand confusion interfering with their
daily activity. In these patients, CSM was sufficient to repro-
duce spontaneous symptomsand they werefound to belong to
the cardioinhibitory type. Theclinical characterigticsof these
patients are presented in Table |. We noticed a stepwise in-
creasein the percentage of hypersensitive patients asthe age
increased: Theincidence of CSH was 15.4% in patientsaged
4049 years, 25.9% in patients60-69 years, and 52.9%in pa-
tientsage 70-79years.

Réation of Carotid SinusResponsesto Coronary
Artery Disease

Theincidence of CSH in patientswithout CAD was 6.2%
(2/32) while in patients with CAD it was 32.2% (38/118).
Accordingly, CSH waspresent in 3 of 35 patients(8.5%) with
single-vessdl disease, in 5 of 35 patients(14.2%) with double-
vessel disease, in 19 of 33 patients (57.5%) with triple-vessel
disease, and in 11 of 15 patients (73.3%) with LMS-CAD
(Fig.2).

Forward stepwiselogigtic regression analysisrevea ed that
only the presence of LM S-CAD wasindependently related to

Patients with CSH (%)

0-vD 1-vD 2-VD 3-VD
Extent of coronary artery disease

LMCAD

Fic.2 Plot showing distribution of patientswith carotid sinus hy-
persensitivity (CSH) as afunction of the extent of coronary artery
disease. 0-VD = coronary arterieswithout critical stenosis, 1-VD =
single-vessdl disease, 2-VD = double-vessd disease, 3-VD =triple-
vessdl disease, LMCAD =left main coronary artery disease.

the presence of CSH (Table I1). Moreover, CSM responses
show asatisfactory sensitivity (73.3%) and specificity (78.5%)
and ahigh negative predictive va ue (96.3%) for the presence
of LMS-CAD (Tablelll).

Discussion

In this study we reported the close relationship between
CSM responses and the severity and extent of atherosclerosis
inthe coronary arteriesin patients eval uated for suspected is-
chemic heart disease. Themagjor finding of our study wasthat
CSH isindependently related to LM S-CAD and furthermore,
in this study population, the absence of CSH reflects the ab-
senceof LMS-CAD.

TaBLE Il Stepwisemultiplelogistic regression coefficientsfor the rel ationship between night variablesand carotid sinushypersensitivity

Variables Coefficient (b) Wald pVaue
Left main stem coronary artery disease 1.99+0.78 6.46 0.011
Congtant —245+0.34

Thevariablesage, male sex, smoking, diabetesmellitus, hypertension, heredity, hyperchol esterolemia, triple-vessel coronary disease, and gec-
tionfraction did not enter the equation, according to the selection criteria (probability for entry <0.05, probability of removal >0.01).

TasLE Il Carotid Snushypersendtivity aspredictor for coronary artery disease and left main stem coronary disease

Sengtivity Specificity Postive predictivevalue Negative predictivevaue
Prediction of
Coronary artery disease (%) 322 95 272
Left main stem coronary disease (%) 733 275 9.3
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Carotid SnusM assage Responsesand
Atherosclerotic Disease

Previous studieshave reported an associ ation between CSH
and atheroscleratic vascular disease.® 6 Brown et al. werethe
first to show that the exaggerated responseto CSM inthepres-
ence of symptomatic CAD is associated with the total CAD
score; ! however, possible additiona associations between
CSM responses and the severity of CAD have not been well
addressed. Toinvedtigatethisissuefurther, wefocused our at-
tention on the exact relation between CSH and LMS-CAD.
Thus, inthepresent study using CSM inaseriesof consecutive
patientseval uated for suspected i schemic heart disease, thein-
cidence of CSH wasincreased in proportion to the severity of
CAD: from 6% inthe patientswith no vessdl diseaseto 57 and
73%in patientswith triple-vessel dissaseand LMS-CAD, re-
spectively. Inaddition, carotid S nusresponsesappear to bere-
lated totheabsence of LM S-CAD, since CSH had ahigh neg-
ative predictive value (96.3%) for the presenceof LMS-CAD.

Indicationsof Carotid SinusStimulation

In the past, CSM has been considered to be auseful diag-
nostic and therapeutic maneuver in patients with angina pec-
toris:3.51213|n 1928, Wassermann and Weber werethefirst to
suggest that carotid Sinus pressure may relieve anginal pain.®
Lownand Levinereportedthediagnosisof CAD inpatientsin
their late thirtiesand early fortieswho complained of atypical
chest pain, exhibited nonspecific alterationsin ST segments
and T-wave complexes, and responded to mild and brief CSM
with partial or complete heart block.3 Since LMS-CAD isa
disease of high morbidity and mortality, evidence derived
from CSM responses could be very helpful in the evaluation
and treatment of these patients until the definite diagnosis can
be made by cardiac catheterization. Obvioudy, CSM cannot
replace the already existing, noninvasive testsfor the evalua
tion of CAD, such as stress test, echo-dobutamine, and so
forth, and probably the greatest clinical value of CSM isclari-
fying the type or the mechanism of different rhythm distur-
bances and confirming the presence of hypersensitivity.3 1415
Takeninto consideration that manipul ation of thecarotid sSinus
can be accomplished at the bedside and, when done properly,
carrieslittlerisk, 8 wesuggest that CSM isasmple, safe, non-
invasivetes, at bedside, that may provide useful information
ineveryday clinica practicein selected patientsunder evalua-
tionfor chest pain.

M echanismsof Carotid SinusHyper sensitivity

Although the mechanisms of the relation between athero-
sclerotic disease and exaggerated carotid Sinus responses are
not fully understood, it iscurrently believed that the bulk of the
abnormaditiesinthecarotid sinusreflex ispresentinthe central
nervous system, especidly in the cardiovascular regulation
centers.k: 2 17-19 The structural changes and the decreased dis-
tengbility inthelarge e astic arteries, which may resultininef-
fective centrd afferent-efferent coupling,1”- 2021 could explain

the decreased baroreflex sensitivity and resetting of carotid
sinusbaroreceptorsin atherosclerosis. Apart from the above-
mentioned mechanica component, the accompanied endothe-
lia dysfunction with the resulting defect in endogenous pro-
duction of prostacyclin enhances formation of oxygen-free
radicals and platelet aggregation and contributes to the im-
paired baroreceptor activity.18:22-24 Keeping in mind that the
severity of carotid artery diseaseis strongly and consistently
associated with the coronary statusand especidly withLMS-
CAD,% % wesuggest that our findings arein agreement with
the above concept.

Limitations

Severa factorsmay havelimited the apparent strength of the
relation we found between CM S responses and LMS-CAD.
First, we studied agroup of consecutive patientswho werere-
ferred for coronary angiography for suspected i schemic heart
disease. This selection bias meansthat our findings regarding
the relation of carotid sinus responses with the presence of
LMS-CAD arerdevant only to this specia group of patients
and may not be applicableto thegenera population.

Also, athoughwediscontinued the cardiovascular medica-
tion for at least five drug haf lives before CMS was per-
formed, we cannot exclude the possibility that the observed
carotid sinus responses have been influenced by the induced
hyperadrenergic state in agroup of patients who were previ-
oudly being treated with betabl ockers.2’ Second, regardlessof
the method of analysis, coronary angiography frequently un-
derestimatesthe severity of atherosclerotic disease, dthoughit
isareasonable method for measuring theextent and severity of
CAD. Alsp, the classfication of CAD extent based on the
number of diseased vesselsmay not be as precise asother spe-
cificindicessuch asthe Gensini score. However, this classifi-
cationisvery commonin every day clinical practiceand con-
sequently the relation of CSH to the diseased vessdls is of
practical value. Findly, asit has been suggested by othersin
similar studies, the reproducibility of the response to CSM
may not be as high;% 1° howevey, in this study, we observed a
good reproducibility of the CM S responses either performed
invasively or noninvasively. A possible explanation for our
good reproducibility isthat we used astandardized stimulation
protocol.

Conclusion

In patientswho werereferred for eval uation of chest pain,
CSM responses are significantly related to the presence of
LMS-CAD. The absence of CSH may reflect absence of
LMS-CAD.
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