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Summary
Background: Cardioinhibitory response (CIR) is defined as asystole ≥3 seconds in response to 5-10 seconds of carotid 
sinus massage (CSM). Pacemaker implantation is indicated for patients with unexplained syncope episodes and CIR.

Objective: To determine the prevalence and predictors of CIR in patients with a high prevalence of cardiovascular 
disease, and assess the clinical significance of CIR in patients with a history of unexplained syncope or falls.

Methods: Cross-section design study. Outpatients, aged ≥50 years, referred to the electrocardiography sector of a tertiary 
hospital. Those with dementia, carotid bruit, and history of myocardial infarction, stroke or transient ischemic attack 
in the preceding 3 months were excluded. CSM was performed by a single investigator, with the patients in the supine 
position. CSM was applied on the right side and then on the left side during 10 seconds each time.

Results: 502 patients underwent CSM. CIR was present in 52 patients (10.4%; 95% CI: 7.7%-13%). Independent predictors 
of CIR were male gender (OR: 2.61%; CI 95%: 1.3%-5.1%), structural heart disease (OR: 3.28%; CI 95%: 1.3%-7.9%) 
and baseline heart rate (P<0.05). The sensitivity of the CIR to CSM in syncope evaluation was low (9.8%). Specificity was 
high (89.5%), being even better in women (95.3%) and in those without structural heart disease (96.2%). 

Conclusion: CIR was detected in 10.4% of the patients aged ≥ 50 years. In males and in patients with structural heart 
disease CIR was more common. In women and patients with no apparent structural heart disease, the presence of CIR 
was a highly specific finding in the evaluation of syncope or falls. (Arq Bras Cardiol 2008; 90(3):148-155)
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Introduction
Carotid sinus hypersensitivity (CSH) is the exacerbation of 

a reflex present in healthy individuals. The European Society 
of Cardiology defined this condition as asystole lasting for at 
least 3 seconds, or a drop in systolic blood pressure (BP) of 
at least 50 mmHg, provoked by 5 to 10 seconds of carotid 
sinus massage (CSM).1 

In most individuals, CSM causes a slight reduction in heart 
rate (HR), as well as in tensional levels. Two forms of response 
to CSM can be considered pathological: the cardioinhibitory 
response characterized by the presence of asystole lasting for 
at least 3 seconds, and the vasopressor form characterized 
by a reduction in systolic blood pressure (≥ 50 mmHg).  
Both may occur independently (pure cardioinhibitory or 
vasodepressor responses), or as a combination of the two 
(mixed response).1,2 

Doubts still exist about the clinical meaning of the 
cardioinhibitory response.3,4 CSM may produce asystole 

lasting ≥3 seconds in a significant portion of the population.5,6 
This behavior occurs more frequently among subjects with 
a history of syncope, particularly the elderly and those with 
structural heart disease.7,8,9

In Brazil, no studies have been published that evaluate the 
prevalence of cardioinhibitory response to CSM. In foreign 
literature, predictors of cardioinhibitory response have been 
described in only a few studies, most of which with a small 
number of patients.6,10

The aim of this study was to determine the prevalence and 
predictors of cardioinhibitory response to CSM in outpatients 
aged ≥50 years and with a high prevalence of cardiovascular 
disease. Moreover, we intended to evaluate the clinical meaning 
of the cardioinhibitory response to CSM among patients with a 
history of syncope or falls during the preceding year.

Methods
Study design - This is a cross-section design study 

conducted at the cardiology outpatient unit of the Hospital 
Geral de Bonsucesso (HGB), a public tertiary hospital. Patient 
recruitment was started after approval of the research protocol 
by the hospital’s Research Ethics Committee. All patients were 
asked to sign the informed consent form.
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Patients - Outpatients aged ≥50 years, who had been 
referred after routine cardiological examination and patients 
who were referred by physicians from other specialties (clinical 
or surgical) to undergo electrocardiogram testing (ECG), were 
randomly selected.

Individuals selected were interviewed by the main investigator 
of this study and were submitted to clinical evaluation. Patients 
were informed about the objectives of the study and the risks 
of CSM. During the interview, the primary focus was on the 
patient’s history of unexplained syncopal episodes or falls.

Syncope was defined as a sudden and transient loss of 
consciousness, associated with loss of postural tone. 

Unexplained falling was considered any situation in which 
the individual fell down without any accidental (stumbling over 
or being pushed) or medical (convulsion, stroke, alcohol abuse, 
orthostatic hypotension, and arrhythmia) reason. Patients with 
more than 3 falls in the preceding year were also considered 
as unexplained fallers, even if they reported a history of an 
accidental cause for these episodes.

Patients who did not sign the informed consent form and 
those in whom CSM was not feasible (individuals morbidly 
obese, with neck wounds and tracheostomy) were excluded 
from the study. Patients with dementia, carotid murmur 
or carotid Doppler exam showing ≥50% carotid stenosis, 
individuals with a history of AMI, stroke, or TIA in the preceding 
3 months, those with symptomatic bradyarrhythmias, those 
with pacemakers and those with a history of ventricular 
arrhythmia were also excluded.

CSM technique employed - CSM was performed in a 
facility equipped with a cardiac defibrillator, transcutaneous 
pacemaker and all items required to perform cardiopulmonary 
resuscitation. The first author of this study was responsible for 
performing CSM in all cases.

CSM was carried out only in the supine position, initiating on 
the right side. Longitudinal massage was applied for 10 seconds 
over the point of maximal carotid pulse, just above the thyroid 
cartilage and below the angle of the jaw.  In patients who did 
not present any immediate complication after one minute, the 
procedure was repeated on the left side.  Heart rate and cardiac 
rhythm changes produced by CSM were recorded by the 
Cardiofax 9010B® electrocardiograph at a speed of 25 mm/s.

After CSM, all patients were asked about the presence of 
symptoms during the procedure. 

The greatest R-R interval produced by CSM was measured 
with the help of a ruler, a magnifying glass and a compass with 
a precision of 20 ms.

Outcome - Cardioinhibitory response to CSM. Patients 
considered as having cardioinhibitory responses were those in 
whom CSM produced asystole ≥3 seconds, irrespective of the 
blood pressure behavior and the presence of symptoms.

Statistical analysis - In order to study the prevalence of 
cardioinhibitory response with 95% safety, 427 individuals 
would have to undergo CSM. This number was obtained 
based on the estimate that the prevalence of cardioinhibitory 
response in patients ≥50 years of age seen at HGB outpatient 
cardiology unit is equal to 12% ± 3%, and that the number 
of patients seen per year at this outpatient clinic is equal to 8 

thousand. As our objective was also to study the predictors of 
cardioinhibitory response, we decided to increase the size of 
the sample to 500 patients.

Comparisons between the greatest R-R interval registered 
during CSM performed on the right side (RCSM) and on the 
left side (LCSM) in the overall population, male patients, 
female patients, users and non-users of negative chronotropic 
drugs, patients with and without structural heart disease, were 
performed using the Mann-Whitney test.

The dichotomic predictor variables of the presence 
of a cardioinhibitory response were determined through 
contingency tables and determination of the relative risk. 
Fisher’s exact test was used to establish the value of p. 
Each association with p<0.05 was considered significant. 
The continuous variables predictors of the presence of 
cardioinhibitory response were compared with the use of 
the T test. The variables with p<0.1 in the univariate analysis 
were included in a binary logistic regression model (stepwise 
forward Wald). 

Results
Description of the population:

During the recruitment period, 1,686 patients aged ≥50 
years were seen at the HGB electrocardiography outpatient 
unit, and 562 patients (33.3%) were randomly selected. Sixty 
patients were excluded from the study (Figure 1). Table 1 
exhibits a summary of the characteristics of the 502 individuals 
who underwent CSM. 

The mean value of the greatest R-R interval produced by 
RCSM was greater than the mean value of the greatest R-R 
interval produced by LCSM. This behavior was observed in 
the overall population, in men, in women and in 4 groups 
of patients (Table 2). The mean value of the greatest R-R 
interval produced by CSM in men was greater than that 
recorded among women (p<0.05). The mean value of the 
greatest R-R interval produced by CSM in users of negative 
chronotropic drugs was greater than that in non-users of 
negative chronotropic drugs (p<0.05), and the mean value 
of the greatest R-R interval produced by CSM in patients 
with structural heart disease was greater than that observed 
among individuals who did not have structural heart disease 
(p<0.05) (Table 2).

Prevalence and predictors of cardioinhibitory response 
to CSM

CSM produced cardioinhibitory responses in 52 patients 
(prevalence: 10.4%; CI 95%: 7.7% to 13%). In 34 individuals, 
the cardioinhibitory response was detected exclusively during 
RCSM, and in 9, exclusively during LCSM. Nine patients 
presented a cardioinhibitory response during RCSM and LCSM 
(Figures 2 and 3).

Table 1 displays the characteristics of patients with and 
without cardioinhibitory response.

Patients with cardioinhibitory response had a baseline 
HR lower than those who did not present this response 
(Table 1, Figure 4).
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Table 1 - Characteristics of the overall population and of patients with and without CIR

Overall population N = 502 CIR present N = 52 CIR absent N = 450 p

Age (mean ± SD) 65 ± 9.6 66 ± 8,1 64 ± 9,8 0,34

Baseline HR (mean ± SD) 68 ± 14.4 62.4 ± 15.6 68.6 ± 14.12 <0.01

Baseline HR ≤60 BPM 186 (37.1%) 28 (53.8%) 158 (35.1%) <0.01

Male gender 259 (51.6%) 39 (75%) 220 (48.9%) <0.01

Healthy patients 35 (6.9%) 1 (1.9%) 34 (7.6%) 0.10

Arterial hypertension 380 (75.7%) 40 (76.9%) 340 (75.6%) 0.49

Diabetes 117 (23.3%) 14 (26.9%) 103 (22.9%) 0.31

Dyslipidemia 270 (53.6%) 35 (67.3%) 235 (52.2%) 0.02

Known coronary artery disease 238 (47.4%) 36 (69.2%) 202 (44.9%) <0.01

History of myocardial infarction 166 (33.1%) 28 (53.8%) 138 (30.6%) <0.01

Prior myocardial revascularization 113 (22.5%) 20 (38.5%) 93 (20.7%) <0.01

Atrial fibrillation 24 (4.8%) 2 (3.8%) 22 (4.9%) 0.53

Structural heart disease 347 (69.1%) 46 (88.5%) 301 (66.9) <0.01

Coronary, cerebrovascular or peripheral vascular 
atherosclerosis 253 (50.4%) 37 (71.2) 216 (48%) <0.01

Normal ECG 133 (26.5%) 8 (15.4%) 125 (27.8%) 0.03

Left bundle branch block or atrioventricular block 66 (13.1%) 12 (23%) 54 (12%) 0.02

ECG with inactive zone or ischemia 110 (21.9%) 19 (36.5%) 91 (20.2%) <0.01

Use of cardiovascular medication 428 (85.3%) 47 (90.4%) 381 (84.7%) 0.18

Use of negative chronotropic medication 303 (60.4%) 40 (76.9%) 263 (58.4%) <0.01

History of syncope in the preceding year 41 (8.2%) 5 (9.6%) 36 (8.0%) 0.42

History of syncope or fall in the preceding year 71 (14.1%) 7 (13.5%) 64 (14.2%) 0.54

CIR - Cardioinhibitory response.

Fig. 1 - Selection of the 502 patients who underwent CSM.

No significant relationship was observed between the 
history of syncope or falls and the presence of a cardioinhibitory 
response to CSM. In the univariate analysis, male gender (R-
R: 2.82; p<0.05), presence of known heart disease (R-R: 

2.49) and structural heart disease (OR: 3.42; p<0.05) were 
the greatest predictors of the presence of a cardioinhibitory 
response to CSM (Figure 5). 

Independent predictor variables of cardioinhibitory 
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Table 2 - Greatest R-R interval produced by CSM

Overall population Men Women
Users of negative 

chronotropic 
drugs

Non-users 
of negative 

chronotropic 
drugs

Structural heart 
disease present

Structural heart 
disease absent

RCSM LCSM RCSM LCSM RCSM LCSM RCSM LCSM RCSM LCSM RCSM LCSM RCSM LCSM
Number of 
patients 502 501† 259 258† 243 243 303 302‡ 199 199 347 346§ 155 155

Mean value* 1.550 1.264 1.787 1.397 1.298 1.122 1.682 1.344 1.350 1142 1.685 1.347 1.248 1.077

Standard 
deviation * 1.254 796 1.503 1.130 851 529 1.393 886 978 618 1.413 910 706 389

Max. value* 10.280 8.700 10.280 8.700 6.480 5.500 10.280 8.700 10.050 5.520 10.280 8.700 6.400 4.300

Median * 1.200 1.080 1.300 1.130 1.100 1.000 1.240 1.120 1.120 1.000 1.240 1.100 1.100 1.000
Percentil 
95th 4.482 2.418 5.400 3.325 2.672 1.836 5.296 2.697 2.680 1.960 5.212 3.049 2.168 1.584

p< 0.05 p< 0.05 p< 0.05 p< 0.05 p< 0.05 p< 0.05 p< 0.05

p< 0.05 p< 0.05 p< 0.05

* Values in milliseconds; † LCSM was not performed in one male patient; ‡ LCSM was not performed in one patient who was using negative chronotropic drugs; § LCSM was not 
performed in one patient who had structural heart disease.
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Fig. 2 - Resting ECG and results of CSM in a 57-year-old man, hypertensive, dyslipidemic, taking a β-blocker, aspirin, statin and captopril, who had undergone a 
percutaneous coronary intervention of the first diagonal artery in 2004 and who denied any history of syncope or falls. RCSM produced an asystole of 10280 ms associated 
with the sensation of presyncope.
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response were baseline HR (p<0.05), male gender (OR: 2.61; 
CI 95%: 1.3%) and the presence of structural heart disease 
(OR: 3.28; CI 95%: 1.3% to 7.9%).

The sensitivity of an asystole ≥3 seconds for the etiologic 
diagnosis of unexplained syncope or falls was low (9.9%), 
but its specificity was high (89.6%) (Table 3). This specificity 
was higher among women (95.3%), in those who did not use 
negative chronotropic agents (93.7%) and in patients with no 
structural heart disease (96.2%) (Table 3).

Complications from CSM:

No individual developed cardiac complications associated 
with CSM. Two patients had cerebrovascular complications 
with no sequelae. A 56-year-old man developed a visual field 
deficit which receded completely within 7 days, and a 71-year-
old man experienced dysarthria and left-arm monoparesis, 
both of which receded within 30 minutes.

Discussion
Pacemaker implantation is recommended for patients 

with unexplained syncope in which CSM produces a pure 
or predominant cardioinhibitory response.1,2  The Brazilian 
Society of Cardiology (SBC) recommends implantation of 
pacemakers for individuals with recurrent episodes of syncope 
associated with the presence of a cardioinhibitory response 
to CSM.11 SBC stresses the importance of confirmation of 
the relationship between bradycardia and symptoms, since 
pauses or bradycardia with no clinical significance may easily 
be induced by CSM in elderly patients, especially when they 
are using negative chronotropic drugs.11

CSM produced cardioinhibitory responses in 52 of the 502 
patients who underwent the procedure at HGB. In 86.5% 
of these 52 patients, the cardioinhibitory response was not 
associated with a past history of syncopal episodes or falls, and 
could be considered a false-positive response. This result raises 
questions about the indication of pacemaker implantation 

Fig. 3 - Resting ECG and results of CSM in a 67-year-old man, hypertensive, dyslipidemic, taking a ß-blocker, nitrate, aspirin, and statin, with a history of AMI without 
ST-segment elevation and who had undergone a percutaneou intervention of the left anterior descending coronary artery. There was a history of syncope preceded by 
dizziness and visual blurring. RCSM produced an asystole of 4200 ms associated with the reproduction of the symptoms (visual blurring and presyncope).
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Fig. 4 - Baseline HR and duration of the pauses produced by CSM ;Pearson’s 
R correlation = - 0.27 (p<0.01) ;Each square and each tracing represents 
one patient.

Fig. 5 - Predictors of cardioinhibitory response to CSM in the univariate analysis; * Variables with p<0.05.

for patients who experience syncope and cardioinhibitory 
responses to CSM. 

Recent publications have also questioned the indication 

of artificial cardiac stimulation.3-6 One of these publications 
suggests a reevaluation of the current definition of abnormal 
cardioinhibitory response.6

In the past, all cases in which CSM produced the 
appearance of a junctional or ventricular escape rhythm, 
atrioventricular block or pauses greater than 2 seconds were 
considered abnormal.12 Today, only asystole periods lasting 
≥3 seconds are considered pathological.1,2,11 This value is 
based on the experience acquired with the performance of 
the maneuver in thousands of individuals. Approximately 
50 years ago, Franke performed CSM in 3,900 patients. This 
author recorded pauses ≥3 seconds in less than 10% of the 
patients, and observed that such a period of asystole frequently 
produced some type of symptom. 13 Similar numbers were 
described by Sigler after the evaluation of 1,886 individuals 
from different age groups.14

Few trials have been conducted with the primary aim 
of analyzing the accuracy of the 3-second pause for the 
diagnosis of CSH. In one of the most cited studies in literature, 
McIntosh et al. performed CSM in 25 asymptomatic healthy 
elderly patients during 5 seconds in the supine and upright 
positions.15 The greatest pause observed (1,540 ms asystole) 
was produced by RCSM performed in the supine position.15 
This result reinforced the idea that the value of 3 seconds is 
appropriate and capable of distinguishing individuals with 
normal deceleration of the heart rate from those with a 
pathological cardioinhibitory response. 
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Therefore, in asymptomatic and healthy individuals, the 3-
second cutoff point seems to adequately distinguish individuals 
with a slight exacerbation of a reflex considered normal from 
those with a clearly pathological cardioinhibitory response.

However, a significant percentage of patients with syncopal 
episodes have some form of structural heart disease.16 It has 
long been known that in patients with structural heart disease 
the prevalence of the cardioinhibitory response is higher 
than that observed in healthy individuals9,17. Brignole et al. 
describe the presence of a cardioinhibitory response in 2% 
of a group of 288 healthy volunteers. This prevalence was 
8.5 times lower than what they observed in 105 patients with 
heart diseases.9 

Therefore, interpretation of the clinical meaning of a 
cardioinhibitory response in patients with structural heart 
disease is more difficult. In these individuals, the 3-second 
cut-off point may be inadequate.

Recently, Kerr et al. evaluated the prevalence of CSH in a 
population of elderly people.6 They recruited 272 volunteers 
with a mean age of 71 years. After clinical examination and 
ECG, the 272 individuals were subdivided into 2 groups. 
The 192 patients in the first group reported a history of 
syncope, falling or dizziness during the preceding year. None 
of the 80 patients in the second group had experienced 
these symptoms. All of them underwent 5 seconds of CSM 
in the supine and upright positions. Twenty-three percent 
of the 192 individuals in the symptomatic group developed 
cardioinhibitory responses to CSM. This prevalence was lower 
than that recorded for individuals with no history of syncope, 
falling or dizziness. Cardioinhibitory responses were observed 
in 25% of the 80 patients who did not have these symptoms.6 
In this study, sensitivity, specificity, positive predictive 
value and negative predictive value of the cardioinhibitory 
response to CSM for the diagnosis of the causes of episodes 

Table 3 - Sensitivity, specificity and predictive values of the cardioinhibitory response to CSM for the etiologic diagnosis of unexplained 
syncope or falls.

Sensitivity Specificity Positive Pred. Value Negative Pred. Value

Considering as pathologic only asystole ≥ 3 seconds

Overall population 9.9% 89.6% 13.5% 85,8%

Women† 8.1% 95.3% 30.7% 80%

W/o neg. chron. med.‡ 4.3% 93.7% 8.3% 88%

W/o struct. heart disease§ 4.2% 96.2% 16.7% 85%

Considering as pathologic only asystole ≥4 seconds

Overall population* 7.0% 93.3% 14.7% 85.9%

Considering as pathologic only asystole ≥5 seconds

Overall population* 4.2% 95.8% 14.3% 85.9%

Considering as pathologic only asystole ≥6 seconds

Overall population* 1.4% 97.2% 7.7% 85.7%

*Overall population - N = 502 patients; † Women - N = 243; ‡ W/o negative chronotropic medication - Non-users of negative chronotropic medication - N = 199; § W/o 
structural heart disease - Structural heart disease absent: N = 155.

of syncope, falling or dizziness were 23%, 75%, 69% and 
29%, respectively.6 

In the study by Kerr et al., 5% of the 80 patients with no 
history of syncope, falling or dizziness developed asystole 
greater than 7277 ms.6 This value is much greater than 
that adopted by the European Society of Cardiology for 
the definition of a cardioinhibitory response1, and can be 
attributed to the fact that 14% of the 80 patients evaluated had 
heart diseases, and a significant percentage of this population 
used some type of negative chronotropic medication.6

Five percent of the 502 patients studied at HGB presented 
pauses greater than 4482 ms during RCSM and greater than 
2418 ms during LCSM (Table 2). When men are excluded from 
the analysis, the results are very close to those described by 
Franke and Sigler.13,14 Ninety-five percent of the 243 women 
presented asystole of less than 2672 ms during RCSM and less 
than 1836 ms during LCSM. This behavior was similar to that 
observed in the 155 patients with no structural heart disease 
and in the 199 individuals who were not taking any negative 
chronotropic medication (Table 2).

Thus, it seems clear that in women, in patients with no 
structural heart disease, and in those who were not taking 
negative chronotropic medication, the 3-second cut-off 
point is appropriate. In these individuals, the cardioinhibitory 
response to CSM was a specific finding for the etiologic 
diagnosis of syncope or falls in the preceding year (Table 3).

Nevertheless, in populations with a high prevalence of 
structural heart disease in which the percentage of users 
of negative chronotropic medication is high, caution is 
recommended in the interpretation of the clinical significance 
of CSM results. Cardioinhibitory response may be present 
in at least 10% of these individuals, and is more common 
in men, in bradycardic subjects and in those with structural 
heart disease. 
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