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Contribution of left atrial volume and function in 
neurocardiogenic syncope
Vasovagal senkop gelişimine sol atrium fonksiyonu ve 
hacminin katkısı
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ABSTRACT
Objective: In this study, we aimed to investigate the presence of atrial volume and decrease in contraction force by measuring 
left atrial volume and contraction with the head-up tilt table (HUTT) test in patients who were diagnosed with neurocardiogenic 
syncope (NCS).
Methods: Overall, 45 patients (26 females/19 males, mean age: 26.4±9.2 years) who experienced vasovagal syncope in HUTT 
(HUTT+) and 40 healthy controls (17 females/23 males, mean age:28.8±10.5 years; HUTT-) were included in the study.
Results: When comparing the groups in terms of left atrial ejection force, there was a significant difference between the HUTT+ 
and HUTT−vasovagal syncope groups (p=0.05). In both groups, there was a positive correlation between atrial ejection force and 
left atrial volume (r=0.287, p=0.016) and left atrial volume index (r=0.261, p=0.029).
Conclusion: We showed that the left atrial ejection force and the left atrial volume index were significantly lower in positive vaso-
vagal syncope patients than those in the negative vasovagal syncope patients.
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ÖZ
Amaç: Vasovagal Senkop (VVS) sık görülen klinik bir durum olmakla birlikte altta yatan mekanizmalar henüz tam olarak anlaşılama-
mıştır.Bu çalışma, eğik masa testi pozitif olan VVS’lu hastalarda, sol atrial sistolik fonksiyonun VVS gelişimindeki rolünü araştırmak 
amacıyla yapılmıştır.
Yöntemler: Açıklanamayan senkop nedeniyle eğik masa testi ve ekokardiyografi uygulanan toplam 95 hasta çalışmaya alındı.  Eğik 
masa testi pozitif olan 45 hasta (n=45), eğik masa testi negatif olan 40 hasta (n=40) ile karşılaştırıldı. 
Bulgular: Yaş ve cinsiyet dağılımı açısından guruplar arasında fark gözlenmedi (sırasıyla p=0,27 ve 0,11). Ekokardiyografik değer-
lendirmede sol atrium hacmi, sol atrium hacim indeksi ve sol atrial ejeksiyon kuvveti eğik masa testi pozitif olan gurupta anlamlı 
olarak daha düşük bulundu (sırasıyla p=0,03, 0,05 ve 0,05). Mitral kapak anulusünden kaydedilen Doppler akımları açısından gu-
ruplar arasında fark saptanmadı fakat E/A oranı eğik masa testi pozitif olan gurupta anlamlı olarak daha düşük bulundu (p=0,02).
Sonuç: olarak bu çalışma bazalde daha düşük atrial hacim ve kontraksiyon kuvvetine sahip bireylerin ortastatik stres esnasında 
ventriküler doluşun devamını sağlamada yetersiz kalabileceklerini düşündürmektedir.  
Anahtar kelimeler: Vasovagal senkop, sol atrium, ekokardiografi
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INTRODUCTION
Syncope is frequent among the normal population, and neurally 
mediated syncope is the nearly usual cause. Neurocardiogenic 
syncope (NCS) is clinically defined as the sudden onset and very 
short (usually 1 or 2 minutes) duration of loss of consciousness 
due to global cerebral hypoperfusion, which is quite disturbing 
particularly when repetitive. NCS can cause impaired quality of 
life and significant injury in some cases, but its exact mechanism 
has not been clearly understood yet (1). Several theories have 
been recommended to provide an explanation for the patho-
physiology concerning NCS. Left atrium (LA) contraction contrib-
utes to maintaining left ventricular end-diastolic (LVED) pressure 
and cardiac output. We hypothesized that left atrial volume and 
systolic function may be a contributing component of the NCS. 

The present study is intended to evaluate the relation between 
the left atrial systolic function using left atrial ejection force 
(LAEF) in patients with head-up tilt test (HUTT)-induced NCS. 

METHODS
We enrolled consecutive patients who had been admitted to our 
clinic because of unexplained syncope between January 2013 
and August 2014. The selection criteria were age 18-70 years, ≥2 
episodes of syncope, normal neurologic evaluations, no signifi-
cant valvular heart diseases, normal ejection fraction(>50%) on 
echocardiography, and absence of any significant arrhythmia. 
We excluded patients with no technically optimal echocardio-
graphic images, hypertension, thyroid diseases, impaired renal 
function, and structural heart diseases. Patients were divided 
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into two groups based on HUTT results: patients experiencing 
syncope or significant hypotension and/or bradycardia at some 
point of the test were assigned to HUTT-positive (+) group and 
those without syncope, bradycardia, and hypotension were 
assigned to HUTT-negative (-) group. The ethics committee ap-
proved the study protocol and informed consent was obtained 
from every patient.

Echocardiography: All participants underwent a detailed trans-
thoracic echocardiographic evaluation. Transthoracic echocar-
diography was performed using a Vivid 7 Echocardiography 
machine (GE Ultrasound, Horten, Norway). Two-dimensional 
and tissue Doppler’s images were acquired in parasternal and 
apical views. The values of all echocardiographic parameters 
from three cardiac cycles were averaged for data analysis. The 
two-dimensional apical four-chamber view was used to cal-
culate left ventricular (LV) ejection fraction (LVEF) according to 
biplane modified Simpson’s rule. LA anteroposterior dimension 
(LAAPD) was measured in the parasternal long axis view, and LA 
volume was measured using the biplane disk summation meth-
od in the apical four and two chamber views at the end of the LV 
systole. LA volume was indexed to the body surface area (BSA) 
as an LA volume index (LAVI). Mitral inflow velocities included 
peak early (E), peak late(A), and the E/A ratio were assessed us-
ing the pulsed wave Doppler method by putting a sample vol-
ume at the opening level of mitral valve leaflet tips in the apical 
four-chamber view. Tissue Doppler-derived velocities of the mi-
tral annulus were obtained from the apical four-chamber view at 
the lateral and medial mitral annular corners. Peak systolic veloc-
ity (S’), early diastolic velocity (E’), and late diastolic velocity (A’) 
were measured. The velocities were recorded at a sweep speed 
of 100mm/s (2). LAEF was calculated according to the method 
provided by Manning (3). The formula is as follows: LAEF=1/2*-
MOA*A2*q, where MOA: mitral orifice area (cm2), A: peak late dia-
stolic transmitral flow velocity (cm/sec), q:blood density (1.06 g/
cm3).The mitral annulus was assumed to be circular, and its diam-
eter (d) was measured from the apical four-chamber view. MOA 
was calculated as ±*d2/4. The peak velocity was obtained at the 
level of the mitral annulus (3). All measurements were performed 
by a cardiologist blinded to the study.

Head-up Tilt Table Test: The HUTT protocol began with 5 min-
utes in the supine position for the first phase, then the subject 
tilted passively to 70 degrees upright position for 20 minutes in 
the second period, if the second p was negative, 0.4 mg sublin-
gual nitroglycerine spray was administered, and head-up tilt to 
70 degrees was repeated for 10 minutes. During the test, sub-
jects had electrocardiographic monitoring, and blood pressure 
was measured by an automatic cuff sphygmomanometer at 
intervals of every minute. The test was definitely positive if syn-
cope occurs or if presyncope developed in association with an 
abrupt fall in systolic blood pressure to below 70 mm Hg or bra-
dycardia (heart rate below 40 bpm) (4). 

Statistical Analysis
All statistical analyses were performed using Statistical Package for 
Social Sciences (SPSS) version 22.0 (IBM Corp.; Armonk, NY, USA). 
Continuous variables were presented as mean±standard devia-

tion (SD) and categorical variables were expressed as percentages. 
Patients were grouped according to the positive or negative HUTT. 
Differences between groups were analyzed using unpaired sam-
ples Student’s t-tests and analysis of covariance for continuous 
variables and χ2 analysis for discrete variables. Two-tailed p values 
less than 0.05 were considered significant for all tests.

RESULTS
From a total of 95 screened subjects, a positive response was 
induced in 45 patients (mean age: 26.4±8.8 years, 19 men, and 
26 women) and negative response in 40 patients (mean age: 
28.8±10.5 years, 23 men, and 17 women). Age and gender were 
similar between groups (p=0.27 vs p=0.11, respectively). In the 
echocardiographic evaluation, LVED volumes, ejection fractions, 
and LAAPD were found similar between groups. The statistical sig-
nificance of LAVI and LAEF were p=0.05 vs p=0.05, respectively, but 
LAV was significantly smaller in the HUTT+ group compared to the 
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Table 1. The patient characteristics and intergroup 
comparison between HUTT+ group and HUTT− group of 
clinical and echocardiographic parameters

  HUTT(+)  HUTT(-)  
  (n=45) (n=40) p

Age 26.4±9.2 28.8±10.5 0.27

Gender (male/female) 26/19 17/23 0.11

BMI (kg/m2) 23.1±3.1 24.6±4.5 0.08

BSA (m2) 1.73±0.14 1.78±0.16 0.12

LVEDV (mL) 68.4±25.2 72.2±18.3 0.58

LAV (mL) 35.9±8.9 42.7±15.1 0.03

LAVI (mL/m2) 20.1±5.1 23.7±8.0 0.05

LAEF (kdynes/m2) 11.0±6.0 13.8±6.6 0.05

LAAPD (mm) 30.6±5.8 31.2±4.4 0.68

E  0.89±1.9 0.84±1.8 0.26

A  0.57±1.2 0.60±1.3 0.33

E/A 1.6±0.4 1.4±0.3 0.02

E/E’  5.6±2.1 5.3±1.7 0.47

S  lateral 12.1±3.1 11.9±2.4 0.76

E’ lateral 16.4±4.0 16.0±3.5 0.66

A’ lateral 8.9±2.1 9.5±3.1 0.37

S  septal 9.7±1.6 9.4±1.9 0.39

E’ septal 13.1±3.1 12.6±3.3 0.52

A’ septal 9.0±2.8 9.5±2.8 0.45
BMI: body mass index; BSA: body surface area; HUTT: head-up tilt table; 
LVEDV: left ventricular end-diastolic volume; LAV: left atrial volume; LAVI: 
left atrial volume index; LAEF: left atrial ejection force; LAAPD: left atrial 
anterior-posterior diameter; E: peak velocity of early diastolic filling; A: 
peak velocity of late diastolic filling; E/A: early mitral inflow velocity to late 
mitral inflow velocity ratio; S: systolic mitral annular velocity; E′: early dia-
stolic mitral annular velocity; A′: late diastolic mitral annular velocity; E/E′: 
early mitral inflow velocity to early diastolic mitral annular velocity ratio; 
p<0.05 indicates significance



HUTT- group (p=0.03). The Doppler flow velocities recorded from 
mitral annulus did not differ significantly, except for a significantly 
higher E/A ratio in the HUTT+ group (p=0.02). Also, (TDI) parame-
ters were similar in the two groups. Demographic characteristics 
and echocardiographic findings of the HUTT+ and HUTT- groups 
are detailed in Table 1. A correlation analysis revealed that LAEF 
was significantly correlated with age (r=0.237, p=0.036), body 
mass index (BMI; r=0.481, p=0.001), left atrial volume (r=0.287, 
p=0.016), LAVI (p=0.029), and E/E (r=0.394, p=0.001), while there 
was a negative correlation with mitral E/A ratio (r=−519, p=0.001).

DISCUSSION
This study showed that LAEF was decreased in patients with va-
sovagal syncope. LAEF is defined as the force generated by the LA 
to expel the blood through the mitral valve during atrial systole 
(5). The contribution of the left atrial contraction to the LV filling 
becomes more significant, particularly in patients with diastolic 
dysfunction (6). In this study, it was associated with decreased 
LAEF volume and decreased LAVI in the HUTT results. Our knowl-
edge about the NCS pathophysiology still remains unclear. The 
mechanism of NCS has thought to be triggered by ventricular 
mechanoreceptor’s discharge induced by venous blood, pooling 
those results from orthostatic. The reflex increase in sympathet-
ic stimulation to maintain cardiac output and peripheral vascu-
lar resistance leads to a baroreceptor-mediated sudden surge 
in vagal tone and retraction of the sympathetic tone, resulting 
in vasodilation and/or bradycardia;the consequence is a rapid 
decline is systolic blood pressure (7). Vaddadi et al. (8) demon-
strated that efferent sympathetic activity was maintained during 
vasovagal syncope episodes, and they speculated that activation 
of vasodiIator mechanisms may be responsible for vasovagal 
syncope. In addition, Cooke et al. (9) showed that withdrawal of 
muscle sympathetic activity is not mandatory for presyncope. 
Some studies have shown that without decrease in peripheral 
vascular resistance, decrease in cardiac output alone can cause 
presyncope (1, 10). LA systole is responsible for nearly 20% of the 
diastolic LV filling (11, 12). Therefore, atrial mechanical and volu-
metric contribution to cardiac output can be substantial in some 
circumstances, such as orthostatic stress. There are few studies on 
the contribution of LA function to the vasovagal syncope mech-
anism. In the present study, we used LAEF to determine atrial 
mechanical function and found that LAEF were moderately lower 
in HUTT+ group than in the HUTT- group (p=0.05). LAEF is the 
pressure applied by LA to drive blood through the mitral valve 
to the LV throughout atrial systole and has been proposed as a 
surrogate marker of atrial mechanical function (3). Chinali et al. 
(13) revealed that the left atrial systolic force was independently 
associated with stroke volume and cardiac output. Also, LAEF can 
be used as a surrogate marker for restoration of the mechanical 
functions of LA after successful cardioversion for atrial fibrilla-
tion (14, 15). Similar to our study, Folino et al. (16) reported that 
a gradual decline in LA volume due to venous pooling and brief 
LA hypocontractility by vagal reflexes wasknown to contribute to 
NCS during HUTT. In our study, tissue doppler echocardiography 
showed significant reductions in atrial velocities only in patients 
with positive HUTT test, while a decrease in early diastolic filling 
waves were similar and ventricular contractility remained almost 
unchanged in both positive and negative groups (16, 17). These 

findings can be explained by rich a vagal innervation of atriums, 
which may cause a reduction of atrial performance during vagal 
discharge in these patients. However, we measured echocardio-
graphic parameters at rest just before the HUTT protocol because 
of technical difficulties. Therefore, we could not show atrial func-
tion changes preceding the vasovagal reaction. We also found 
that LAV was significantly lower in the HUTT+ group than that in 
HUTT− group (p=0.03). Patients with limited LA volume might be 
more susceptible to NCS. Moon et al showed that a small LA vol-
ume is an independent factor of HUTT-induced NCS, and patients 
with large LA size (LAVI >36mL/m2) did not faint during HUTT (18). 
Additionally, in the present study, the E/A ratio was significantly 
higher in the HUTT+ group. We may speculate that despite the 
better early diastolic filling in the HUTT+ patients than in the 
HUTT- patients, the decrease of cardiac output can be attributed 
to the low contribution of atrial filling in these patients.

Taken together, these findings suggest that reduced active ventric-
ular filling during atrial systole plays an important role in the patho-
genesis of vasovagal syncope. This reduction is not caused by re-
ducing ventricular filling. The finding of a similar decrease in the LAV 
and LAVI in the HUTT+ group further clarifies that this reduction is 
not caused by diminished ventricular filling and signifies deteriorat-
ed atrial mechanical function. Folino et al. (16) found similar results 
and hypothesized that the rich vagal innervation of the atria is re-
sponsible for diminished atrial mechanical functions. This reduced 
atrial function seems to be the major contributor of reduced cardiac 
output resulting in syncope. In the Strong Heart Study, LAEF was 
found to correlate with age and BMI, and we found a strong associa-
tion between LAEF and age and BMI in our study (13). 

Study Limitations
We did not evaluate changes in the left atrial volume and LAEF 
just before syncope because of technical difficulties; therefore, 
we could not have assessed the contribution of atrial mechanical 
and volumetric changes to syncope. We enrolled only patients 
with mixed-type NCS and thus the findings are only pertinent to 
this type of syncope.

CONCLUSION
We conclude that the baseline capacity of atrial volume and con-
tractile function may determine the atrial performance during 
orthostatic stress. Patients with small atrial volume and contrac-
tile function may tend to fail in sufficient atrial performance to 
maintain ventricular filling during NCS. However, more studies 
investigating that the relative contribution of atrial mechanical 
functions to the NCS episodes are regarding the role of atrial 
function and NCS are needed.

Ethics Committee Approval: Ethics committee approval was received for 
this study.

Informed Consent: Informed consent was obtained from patients who 
participated in this study.

Peer-review: Externally peer-reviewed.

Author contributions: Concept - M.S., F.B., F.Y.B.; Design - F.B., F.Y.C., M.S.; 
Supervision - G.A., F.Y.C.; Resource - M.S., F.B.; Materials - M.S., F.B.; Data 

Başanalan et al. Left atrial function in syncopeEur J Ther 2017; 23: 95-8

97



Collection and/or Processing - F.B., F.Y.C., M.S.; Analysis and/or Interpreta-
tion - F.B., F.Y.C., M.S.; Literature Search - F.B., G.A.; Writing - F.B., F.Y.C., M.S.; 
Critical Reviews - G.A.

Conflict of Interest: No conflict of interest was declared by the authors

Financial Disclosure: The authors declared that this study has received 
no financial support.

Etik Komite Onayı: Bu çalışma için etik komite onayı alınmıştır.

Hasta Onamı: Hasta onamı bu çalışmaya katılan hastalardan alınmıştır.

Hakem Değerlendirmesi: Dış Bağımsız.

Yazar Katkıları: Fikir - M.S., F.B., F.Y.B.; Tasarım - F.B., F.Y.C., M.S.; Denetleme - 
G.A., F.Y.C.; Kaynaklar - M.S., F.B.; Malzemeler - M.S., F.B.; Veri Toplanması ve/
veya İşlemesi - F.B., F.Y.C., M.S.; Analiz ve/veya Yorum - F.B., F.Y.C., M.S.; Liter-
atür Taraması - F.B., G.A.; Yazıyı Yazan - F.B., F.Y.C., M.S.; Eleştirel İnceleme - G.A.
Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

REFERENCES
1. Coffin ST, Raj SR. Ongoing clinical trials for vasovagal syncope: Whe-

re are we in 2014? Auton Neurosci 2014; 184: 77-82. [CrossRef]
2. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka 

PA, et.al. Recommendations for chamber quantification. Eur Heart J 
Cardiovasc Imaging 2006; 7: 79-108. [CrossRef]

3. Manning WJ, Katz SE, Douglas PS, Silverman DI. Atrial ejection force: 
A noninvasive assessment of atrial systolic function. J Am Coll Cardi-
ol 1993; 22: 221-5. [CrossRef]

4. Moya A, Sutton R, Ammirati F, Blanc JJ, Brignole M, Dahm JB, et al. 
Guidelines for the diagnosis and management of syncope (version 
2009). Eur Heart J 2009; 30: 2631-71. [CrossRef]

5. Shabanian R, Heidari-Bateni G, Kocharian A, Mashayekhi M, Hosse-
inzadeh S, Kiani A, et al. Augmentation of left atrial contractile fun-
ction: A herald of iron overload in patients with beta-thalassemia 
major. Pediatr Cardiol 2010; 31: 680-8. [CrossRef]

6. Zhong L, Tan RS, Ghista D. Proper use of left atrial ejection force as a 
measure of left atrial mechanical function. Echocardiography 2012; 
29: 878-84. [CrossRef]

7. Fenton AM, Hammill SC, Rea RF, Low PA, Shen, WK. Vasovagal synco-
pe. Ann Intern Med 2000; 133: 714-25. [CrossRef]

8. Vaddadi G, Esler MD, Dawood T, Lambert E. Persistence of muscle 
sympathetic nerve activity during vasovagal syncope. Eur Heart J 
2010; 31: 2027-33. [CrossRef]

9. Cooke WH, Rickards CA, Ryan KL, Kuusela TA, Convertino, VA. Musc-
le sympathetic nerve activity during intense lower body negative 
pressure to presyncope in humans. J Physiol 2009; 587: 4987-99. 
[CrossRef]

10. Verheyden B, Liu J, van Dijk N, Westerhof BE, ReybrouckT, Aubert AE, 
et al. Steep fall in cardiac output is main determinant of hypotensi-
on during drug-free and nitroglycerine-induced orthostatic vasova-
gal syncope. Heart Rhythm 2008; 5: 1695-701. [CrossRef]

11. Spencer KT, Mor-Avi V, Gorcsan J 3rd, DeMaria AN, Kimball TR, Mo-
naghan MJ, et.al. Effects of aging on left atrial reservoir, conduit, and 
booster pump function: a multi-institution acoustic quantification 
study. Heart 2001; 85: 272-7. [CrossRef]

12. Barbier P, Solomon SB, Schiller NB, Glantz SA. Left atrial relaxation 
and left ventricular systolic function to determine left atrial reservo-
ir function. Circulation 1999; 100: 427-36. [CrossRef]

13. Chinali M, de Simone G, Roman MJ, Bella JN, Liu JE, Lee ET, et.al. Left 
atrial systolic force and cardiovascular outcome. The Strong Heart 
Study. Am J Hypertens 2005;18: 1570-6. [CrossRef]

14. Mattioli AV, Bonatti S, Melotti R, Mattioli G. Atrial stunning, inflam-
mation and nutritional status after cardioversion from atrial fibrilla-
tion. Int J Cardiol 2008; 129: 344-7. [CrossRef]

15. Mattioli AV, Sansoni S, Lucchi GR, Mattioli G. Serial evaluation of left 
atrial dimension after cardioversion for atrial fibrillation and relation 
to atrial function. Am J Cardiol 2000; 85: 832-6. [CrossRef]

16. Folino AF, Russo G, Buja G, Iliceto S. Contribution of decreased atrial 
function in the pathogenesis of neurally mediated syncope. Am J 
Cardiol 2006; 97: 1017-24. [CrossRef]

17. Folino AF, Russo G, Porta A, Buja G, Cerutti S, Iliceto S. Autonomic 
modulation and cardiac contractility in vasovagal syncope. Int J Car-
diol 2010; 139: 248-53. [CrossRef]

18. Moon J, Shim J, Park JH, Hwang HJ, Joung B, Ha JW, et al. Small left 
atrial volume is an independent predictor for fainting during he-
ad-up tilt test: The impact of intracardiac volume reserve on vaso-
vagal syncope. Int J Cardiol 2013;166: 44-9. [CrossRef]

How to cite:
Başanalan F, Yılmaz Coşkun F, Sucu M. Altunbaş G. Contri-
bution of Left atrial volume and function in neurocardioge-
nic syncope.  Eur J Ther 2017; 23: 95-8.

98

Başanalan et al. Left atrial function in syncope Eur J Ther 2017; 23: 95-8

https://doi.org/10.1016/j.autneu.2014.05.009
https://doi.org/10.1016/j.euje.2005.12.014
https://doi.org/10.1016/0735-1097(93)90838-R
https://doi.org/10.1093/eurheartj/ehp298
https://doi.org/10.1007/s00246-010-9693-x
https://doi.org/10.1111/j.1540-8175.2012.01732.x
https://doi.org/10.7326/0003-4819-133-9-200011070-00014
https://doi.org/10.1093/eurheartj/ehq071
https://doi.org/10.1113/jphysiol.2009.177352
https://doi.org/10.1016/j.hrthm.2008.09.003
https://doi.org/10.1136/heart.85.3.272
https://doi.org/10.1161/01.CIR.100.4.427
https://doi.org/10.1016/j.amjhyper.2005.05.036
https://doi.org/10.1016/j.ijcard.2007.07.103
https://doi.org/10.1016/S0002-9149(99)00876-0
https://doi.org/10.1016/j.amjcard.2005.10.041
https://doi.org/10.1016/j.ijcard.2008.10.030
https://doi.org/10.1016/j.ijcard.2011.09.076



