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Abstract

Background: Many syncopes resulting from neural reflexes in vari-
ous conditions are called neurocardiogenic syncope (NCS). We aimed 
to investigate the presence of left ventricular (LV) myocardial per-
formance index (MPI) in patients with NCS, which was diagnosed 
with head-up tilt table test (HUTT), and the accurateness of the test in 
order to use it as a method in patients with NCS. Assuming the MPI 
as a potential cause of syncope, we assessed the Tei index with non-
invasive tissue Doppler echocardiography method.

Methods: Consecutive outpatients with a history of recurrent unex-
plained syncope underwent HUTT. Twenty-nine HUTT (+) patients 
(24 female and five male, mean age: 30 ± 15 years) as the study group 
and HUTT (-) 23 healthy patients (six female and 17 male, mean 
age: 34 ± 16 years) as the control group were included into the study. 
Conventional and tissue Doppler echocardiography was performed to 
both groups. The MPI was determined by using PW Doppler. Meas-
urements of Doppler time intervals, according to Tei index ((isovo-
lumic contraction time + isovolumic relaxation time)/ejection time) 
is calculated as (a - b/b), where “a” is the interval between cessation 
and onset of the mitral inflow, and “b” is the ejection time (ET) at the 
LV outflow.

Results: When comparing the groups in terms of MPI and ET, there 
was significant difference between groups. Patients with NCS had 
significantly longer ET and lower MPI value than control group (284 
± 24 ms vs. 260 ± 24 ms, P < 0.001, respectively and 0.44 ± 0.7 vs. 
0.52 ± 0.8, P < 0.001, respectively). There was no significant differ-
ence in ejection fraction between groups.

Conclusion: In the present study, LV MPI value decreases in patients 

with NCS.
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cope; Echocardiography

Introduction

Syncope is defined as a transient, sudden loss of muscle tone 
with loss of consciousness, the onset of which is relatively rap-
id, and where the subsequent recovery is usually prompt and 
complete. The underlying mechanism is a temporary global 
cerebral hypoperfusion. Neurocardiogenic syncope (NCS) is 
a disorder of autonomic regulation of cardiovascular reflexes 
which results vasodilation and/or bradycardia that causes loss 
of consciousness and postural tone. NCS refers to a neural-
ly mediated response that gives rise to vasodilatation and/or 
bradycardia [1]. NCS in the diagnosis of head-up tilt table test 
(HUTT) is the most reliable method. Myocardial performance 
index (MPI), also known as Tei index, has been studied as a 
measure of global myocardial performance, being theoretical-
ly linked to both the systolic and the diastolic component of the 
cardiac cycle [2]. Many studies have in fact demonstrated the 
diagnostic and prognostic reliability of MPI in many different 
clinical conditions.

Patients and Methods

Study group

Fifty-two patients who were admitted to the cardiology out-
patient clinics with complaints of syncope or presyncope be-
tween January 2011 and November 2011, aged between 18 
and 70, and who underwent HUTT for diagnostic purposes 
were included in the study. The patients were divided into two 
groups according to the HUTT (+) or HUTT (-) test results. 
The exclusion criteria were known coronary artery disease, ar-
terial hypertension, left ventricular (LV) wall anomalies, ejec-
tion fraction (EF) below 50%, primary cardiomyopathy, valvu-
lar heart disease, non-sinus rhythm on the electrocardiography 
(ECG), bundle branch block and atrioventricular block, thy-
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roid dysfunction, renal failure, and a history of drug abuse. 
Medical examination included anthropometric measurements, 
body height, body mass, and body mass index (BMI) calcu-
lated according to the following formula: BMI = body mass 
(kg)/(body height)2. Body surface area (BSA) is calculated by 
the following formula: BSA = (W0.425 × H0.725) × 0.007184 [3].

HUTT method

All patients fasted for at least 4 h for the HUTT. A venous ac-
cess was provided through the antecubital vein in all patients. 
Continuous ECG monitoring (DII derivation) and automati-
cal arterial blood pressure measurements were performed in 
all patients. After obtaining the baseline heart rate and blood 
pressure, the standard HUTT was performed in all patients [4]. 
Passive phase was applied at the tilt table, tilted to 70°, for at 
least 20 min. In patients with a negative result after the passive 
tilt, 0.4 mg of nitroglycerin was given sublinguinally and the 
test was continued until the syncope occurred or until the pro-
tocol terminated (25 min after the medication was given, a to-
tal of 45 min). An arterial systolic blood pressure of 80 mm Hg 
or lower and/or bradycardia or asystole development together 
with syncope or presyncope was considered as a positive re-
sponse [5]. All patients who agreed to participate in the study 
were informed about the study protocol, and the written and 
the verbal consent were obtained. The medical ethical review 
committees of the participating hospitals approved the study. 
Informed consent was obtained from all subjects.

Statistical analysis

SPSS 15.0 statistical program was used for the evaluation and 
testing of the variables (IBM Corp., Armonk, NY, USA). For 
the comparison of the patients who developed vasovagal syn-
cope as a result of HUTT and the group with a negative test 
result, the Student’s t-test was used for the parameters with a 
normal distribution. The Mann-Whitney U test was used for 
the parameters without a normal distribution. Numerical vari-
ables were given as mean ± standard deviation and categorical 
variables were expressed as percent.

Conventional echocardiographic examination

After the HUTT test, in all patients, a transthoracic echocar-
diography was performed on the same day by a cardiologist 
who did not know the patient’s clinical status. The echocar-
diographic examinations were performed in the left lateral and 
supine positions, using the Vivid 7 (GE Vingmed Ultrasound, 
Horten, Norway) 2 - 4 MHz transducer and under the continu-
ous monitoring with the DII derivation. The measurements 
and the evaluations were done according to the American So-
ciety of Echocardiography appropriate use criteria [6]. The LV 
systolic and diastolic diameters, interventricular septum, and 
posterior wall diastolic diameter were measured using the M-
mode method with the parasternal long axis imaging. For the 

imaging of the anteroposterior diameter of the left atrium in 
the parasternal long axis view, the distance between the poste-
rior wall of the aorta and the posterior wall of the left atrium 
at the end of systole was measured. In the apical four-chamber 
view, the sample volume was placed between the mitral leaflet 
tips, and the internal mitral flow velocity-time curve was ob-
tained with the pulsed-wave (PW) Doppler method. Using this 
curve, the mitral peak velocities of the E and A waves were 
measured. All these measurements were performed in consec-
utive cardiac cycles and the average of three measurements 
was calculated.

Tissue Doppler imaging

Tissue Doppler echocardiography was performed using 3.5 - 
4.0 MHz transducers, adjusting the spectral pulsed Doppler 
signal filter to a Nyquist limit of 15 - 20 cm/s, with a mini-
mal optimal gain. The velocity of the monitor was set between 
50 mm/s and 100 mm/s with optimal spectral images of the 
myocardial velocities. In the apical four-chamber view, the tis-
sue Doppler images were obtained by placing the PW Doppler 
cursor in the left lateral mitral annulus, septal mitral annulus, 
and right ventricular tricuspid annulus. PW Doppler cursor 
was placed with a perpendicular Doppler angle. The MPI was 
determined by using PW Doppler. Measurement of Doppler 
time intervals, according to Tei index ((IVCT + IVRT)/ET) is 
calculated as (a - b/b), where “a” is the interval between cessa-
tion and onset of the mitral inflow, “b” is the ejection time (ET) 
at the LV outflow, IVCT is the isovolumic contraction time and 
IVRT is the isovolumic relaxation time [2].

Results

The distribution of the 29 patients who developed vasovagal 
syncope in the HUTT (+) and 23 subjects in control group with 
a negative HUTT (-), according to age and gender is given in 
Table 1. The mean age was 30.6 ± 15.9 years in the HUTT 
(+), and 34.7 ± 16.3 years in the HUTT (-) group (P > 0.05). 
There were 24 female and five male patients in the HUTT (+) 
group, and 17 men and six women in the control group (P 
= 0.0001). The number of women in the vasovagal syncope 
group was significantly higher compared to the control group 
(P = 0.0001). The patients in the HUTT (+) group were shorter 
than the patients in the control group (P = 0.006) with a lower 
BSA (P < 0.05).

In the patient group compared to the control group, the 
conventional Doppler flow and the early diastolic mitral flow 
(E) were significantly higher in HUTT (+) patients (Table 2). 
There were no statistically significant differences between the 
groups in terms of left atrial diameter, right atrial diameter, 
LV diameter, aortic diameter, age, and weight. There was also 
no statistically significant difference between the two groups 
in terms of the IVRT (P > 0.05), whereas the difference was 
statistically significant with regard to MPI (P = 0.01), ICRT (P 
= 0.02) and ET (P = 0.001) (Table 2).

In the correlation analysis, there was a negative correla-
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tion between the MPI and early diastolic mitral flow (E) (r = 
-540, P = 0.001) and E/Em (r = -390, P = 0.007), and a posi-
tive correlation between aortic diameter (r = 0.594, P = 0.001), 
BMI (r = 0.365, P = 0.009), BSA (r = 0.334, P = 0.01) and 
age (r = 0.475, P = 0.001). In addition, a positive correlation 
was found between the MPI and LV diameter (r = 0.352, P = 
0.01) and left atrial diameter (r = 0.357, P = 0.01). There was a 
negative correlation between the ET and height (r = -0.284, P = 
0.04), whereas a positive correlation was found between early 
diastolic mitral flow (E) (r = 0.437, P = 0.002).

Discussion

In this study, we aimed to test whether the MPI is a patho-
physiological determinant of the patients with NCS. This study 
has revealed for the first time that in patients with vasovagal 
syncope, the Tei index was significantly better in patients with 
NCS.

Structural heart disease does not cause loss of conscious-

ness and posture NCS, often resulting in LV depending on 
the stimulation of mechanoreceptors Bezold-Jarish reflex [7, 
8]. The stimulation of mechanoreceptors and venous conges-
tion, sympathetic nervous system activation and excessive LV 
contraction is observed. Tilt table test in patients with a posi-
tive response to an increase in LV fractional shortening and 
LV volume reduction in patients with NCS shows warned of 
LV mechanoreceptors. The enhanced adrenergic tone increases 
myocardial contractile force and heart rate to compensate for 
the reduced stroke volume [9]. Syncope induced by head-up 
tilt is associated with a strong myocardial contraction and a 
significant reduction in the end-systolic LV size. The LV hy-
percontractilily and decreased LV diameters may play an im-
portant role in the pathogenesis of syncope induced by head-
up tilt test [10]. The activating unmyelinated LV vagal nerve 
endings are known as mechanoreceptors or C fibers. The LV 
myocardial contraction around an empty LV cavity leads to 
stimulation of C fibers and therefore, vasodilatation, bradycar-
dia and syncope. It is reasonable that similar mechanisms may 
also be operative during syncope induced by a head-up tilt test 

Table 1.  Patient Characteristics and Baseline Echocardiographic Findings

HUTT (+) (n = 29) HUTT (-) (n = 23) P value
Gender (female/male) 24/5 6/17 0.0001
Age (years, mean ± SD) 30.6 ± 15.9 34.7 ± 16.3 NS
Height (cm) 165.1 ± 7.6 171.4 ± 8 0.006
Weight (kg) 67.0 ± 13.8 73.3 ± 14.2 NS
BSA (kg/m2) 24.6 ± 5.6 27.9 ± 6.2 0.05
Left ventricular diameter (mm) 41.8 ± 3.8 42.7 ± 3.3 NS
Aortic diameter (mm/m2) 15.88 ± 2.04 16.82 ± 1.95 NS
Left atrial diameter (mm) 29.8 ± 3.4 31.2 ± 4.4 NS
Right atrial diameter (mm) 31.7 ± 3.9 31.1 ± 7.4 NS

BSA: body surface area; HUTT (+): head-up tilt test positive patients; HUTT (-): head-up tilt table test negative patients; NS: not significant, P < 0.05.

Table 2.  Tissue Doppler and Conventional Echocardiographic Findings in Patients

HUTT (+) (n = 29) HUTT (-) (n = 23) P value
E/Em 5.83 ± 2.24 5.96 ± 2.36 NS
Septal (cm/s)
  Sm 10.6 ± 2.4 9.3 ± 1.7 0.02
  Em 16.3 ± 3.5 13.3 ± 5.5 0.05
  Am 11.5 ± 3.7 10.6 ± 2.7 NS
Mitral E (m/s) 0.83 ± 0.1 0.69 ± 0.1 0.03
Mitral A (m/s) 0.64 ± 0.1 0.63 ± 0.1 NS
Mitral E/A 1.3 ± 0.3 1.1 ± 0.4 NS
IVCT (ms) 46.6 ± 9.32 54.69 ± 8.07 0.002
IVRT (ms) 77.77 ± 14.19 82.27 ± 15.78 NS
ET (ms) 284 ± 24.68 260.43 ± 24.47 0.001
MPI 0.44 ± 0.7 0.52 ± 0.8 0.001

HUTT (+): head-up tilt test positive patients; HUTT (-): head-up tilt table test negative patients; NS: not significant, P < 0.05.
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[11]. In abnormal response to head-up tilt test, LV volumes 
gradually decrease, along with a gradual increase in fractional 
shortening to > 50%. In the majority of patients, the maximal 
value of fractional shortening was achieved > 2 min before 
the onset of syncope. These findings demonstrate a hypercon-
tracted state of the left ventricle, in which vigorous myocardial 
contraction occurs around an empty LV cavity [12]. In patients 
with vasovagal syncope, the reduction in end-diastolic volume 
index occurs more rapidly than in normal subjects. During the 
tilt, there is a more prominent reduction in the pulse index and 
the EF in the vasovagal group, which is possibly due to the 
further migration of the venous blood volume to the peripheral 
venous system, and the presence of an early vagal effect dur-
ing the ventricular contraction [13]. Both the mitral flow (E 
wave) and septal mitral anulus Em wave on tissue Doppler are 
recorded during the rapid ventricular filling period at early di-
astole. The Em reflects the myocardial relaxation. In this study, 
Em was found to be more increased in the HUTT (+) group 
compared to the HUTT (-) group. Therefore, we concluded 
that a higher Em is associated with a better diastolic function. 
Su et al recently reported that Ea and E/Em were reported to 
be significantly correlated with time constant of isovolumic 
LV pressure decline and LV filling pressure in atrial fibrillation 
patients [14]. In this study, IVRT had a moderately strong cor-
relation with Em and a moderate correlation with E/Em. The 
ET normalized to the cardiac cycle may be a hemodynamic 
marker of the decrease in LV during bradycardic presyncope 
in patients undergoing HUTT [15]. The duration of ET re-
flects both the velocity and extent of fiber shortening. In LV 
decompensation, the extent of fiber shortening is decreased, 
so a shortened ET is usually noted [16]. Whereas, in our study, 
we have found that, duration of ET was longer in the patients 
group than the control group. Lee et al reported that there were 
no significant differences in LV end-diastolic dimension and 
end-systolic dimension in each group between baseline and 
isoproterenol infusion during posture change. Vasovagal syn-
cope was associated with vigorous myocardial contraction, 
rather than with contraction against an empty left ventricle 
[17]. Limited intracardiac volume reserve has been reported to 
play an important role in the mechanism of syncope, and the 
decreased left atrial volume was claimed to be an independ-
ent predictor of HUTT-induced syncope. In our study, we have 
found the diameter of the left atrium was much smaller in the 
patient group; this difference was not statistically significant 
[18]. Deharo et al reported that after the initial tilt, a signifi-
cant increase in myocardial contractility was observed in the 
vasovagal patients and not in the control patients [19]. In our 
study, we have found similar findings.

To our knowledge, the present study was the first to in-
vestigate the Tei index in NCS patients using TDI echocardi-
ography. In our study, we have found that the Tei index was 
significantly better in patients with NCS. Clinical implication 
should be studied further.
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