Koşuyolu Heart Journal

DOI: 10.5578/khj.66876

The Role of Right Ventricular Contractility in Patients Who Experienced Neurogenic Syncope
Nörojenik Senkop Geçiren Hastalarda Sağ Ventrikül Kontraksiyonunun Rolü

Volkan Emren1, Uğur Kocabaş2, Fatih Levent2, Ersin Çağrı Şimşek3, Emre Özdemir2, Nihan Kahya
Eren1, Cem Nazli1, Mehmet TOKAÇ1
1 İzmir Katip Çelebi Üniversitesi, Kardiyoloji Anabilim Dalı, İzmir, Türkiye
2 İzmir Atatürk Eğitim ve Araştırma Hastanesi, Kardiyoloji Kliniği, İzmir, Türkiye
3 İzmir Tepecik Eğitim ve Araştırma Hastanesi, Kardiyoloji Kliniği, İzmir, Türkiye

ABSTRACT
Background: Left ventricular hyper contractility has been thought to have a major role at early phases of
vasovagal syncope. However the right ventricular function during syncope has not been clearly delineated.
The present study evaluated the right myocardial contractility in patients who experienced vasovagal
syncope during head-up tilt test (HUTT).
Methods: A total of 89 Patients, who experienced syncope between January 2012 and March 2014, were
included in the study. All the patients underwent HUTT and followed by transthoracic echocardiography.
Results: Fifty patients experienced syncope during head-up tilt testing. There were no significant difference
between patients, who experienced syncope versus who did not, in terms of gender, age, ejection fraction
(p>0.05). Mitral lateral annular systolic (s’) velocity
(14±3.8 vs 13.3±3.6 p=0.625), septal annular s’ velocity (11±3.7 vs 10.3±2 p=0.951) were similar following
HUTT in patients with and without syncope respectively. However, tricuspid valve lateral annular s’ velocity
after tilt testing was higher in patients, who experienced syncope (17±2.7 versus 15.1±3.0, p=0.003).
Conclusion: While left ventricular functions are not affected, right ventricular contraction is more powerful in
patients who experience syncope during HUTT.
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ÖZET
Giriş: Nörojenik senkopun erken safhasında sol ventrikül kontraktilite artışının önemli rolü olduğu
düşünülmektedir. Fakat senkop esnasında sağ ventrikül fonksiyonu net olarak ortaya konmamıştır. Bu
çalışmada eğik masa testinde (EMT) nörojenik senkop geçiren hastalarda sağ ventrikül fonksiyonu
değerlendirilmiştir.
Yöntem: Ocak 2016 ve Mart 2017 tarihleri arasında senkop geçiren 89 hasta çalışmaya dahil edilmiştir. Tüm
hastalara EMT ve ardından transtorasik ekokardiyografi uygulanmıştır.
Bulgular: Eğik masa testinde 50 hastada senkop gelişmiştir. Senkop gelişen ve gelişmeyen hastalarda
cinsiyet, yaş ve ejeksiyon fraksiyonu açısından fark gözlenmemiştir (p>0,05). Mitral lateral anüler sistolik (s’)
velositesi (14±3,8’e karşı 13,3±3,6 p=0.625), septal anuler s’ velositesi (11±3,7’e karşı 10,3±2 p=0.951)
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senkop gelişen ve gelişmeyen hastalarda benzer izlenmiştir. Fakat senkop geçiren hastalarda triküspit lateral
anüler s’ velositesi daha yüksek saptanmıştır (17±2,7’e karşı 15,1±3,0, p=0.003).
Sonuç: Eğik masa testinde senkop gelişen hastalarda sol ventrikül fonksiyonları değişmezken sağ ventrikül
kontraksiyonunda artış gözlenmiştir.
Anahtar kelimeler: Ekokardiyografi, eğik masa testi, nörojenik senkop
Geliş Tarihi: 08.01.2018 - Kabul Tarihi: 01.06.2018
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Introduction
Syncope is characterized by sudden and temporary loss of postural tone followed by spontaneous
1

recovery as a result of a reduction in cerebral perfusion . Syncope accounts for 1% of emergency
admissions, and it is an important cause of morbidity and loss of work force

(2-4)

.

Neurogenic syncope is the most common cause of syncope, and it accounts for 60% of the patients
presenting to the emergency rooms with fainting

(5)

. The uncontrolled response of autonomic nervous system
6

has been implicated in neurogenic syncope, although its physiopathology remains unknown .Uncontrolled
and excessive response of the autonomic nervous system is the mostly accepted theory. Excessive
activation of the parasympathetic system, which occurs depending on the increased activation of the
sympathetic nervous system response, leads to bradycardia and hypotension and thus leads to neurogenic
syncope

(7,8)

Consequently, increase in cardiac contractility as a result of increased sympathetic activity

causes increased

parasympathetic response and this imbalance in the autonomic nervous system plays

role in the pathophysiology of neurogenic syncope.
Some of the echocardiographic studies confirmed that left ventricular contraction increased
dramatically during syncope. However the role of right ventricular function during neurogenic syncope is not
clearly known. The present study evaluated right ventricular contraction using tissue doppler systolic velocity
in patients who experienced syncope during Head-up tilt testing (HUTT).
Method
The present study included patients, who experienced syncope without any apparent reason but
suspected neurally mediated syncope between January 2012 and March 2014. After a careful history and
physical examination, 12-lead electrocardiogram, orthostatic blood pressure readings, serum glucose and
electrolytes were obtained and neurology and psychiatric consultation was requested in selected cases
prior

to

HUTT

to

rule

out

malignant

dysrhythmic,

metabolic,

cardiac

mechanical,

or

psychological/neurological etiologies of syncope.
The patients with coronary artery disease, heart failure, atrial fibrillation, cerebrovascular disease,
hypertension, diabetes mellitus, smokers, and patients with permanent pacemaker, chronic renal failure, and
those with a history of rheumatic disorders were excluded. Age and gender were recorded before the
procedure. All patients underwent HUTT. Before and after the HUTT, ejection fraction and tissue doppler
parameters were calculated with transthoracic echocardiography (TTE). All patients provided verbal and
written informed consent before the test. This study was approved by the local ethics committee.
“Head-up” tilt table test method
The head-up tilt test was performed in accordance with the protocol recommended by Benditt

(9)

. The

patients were divided into groups according to revised VASIS classification based on their hemodynamic
responses during the test

(10)

.

Transthoracic echocardiography
All patients underwent TTE before and immediately after HUTT. The ejection fraction and tissue
doppler parameters of the patients were evaluated. Echocardiography was performed using i.E33, Philips
medical systems, Andover, mass S5 probe (2 and 4 MHz). The standard 2-dimensional and tissue doppler
views were acquired in accordance with the recommendations of the European echocardiography
association

(11)

.
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Two experienced operators, who were kept blind against clinical data of the patients, independently
evaluated echocardiographic views. The ejection fraction (EF) was calculated based on the Simpson’s
11

method . The data for tissue doppler was obtained by placing the pulse wave doppler probe on the lateral
and septal portion of the mitral annulus and on the lateral portion of the tricuspid annulus for the right
ventricle.
.
Statistical analysis
The statistical analysis was performed using SPSS 18.0 for Windows (SPSS Inc., Chicago, Illinois,
USA). software package. Visual (histogram and probability graphs) and analytic (Kolmogrow-Smirnow)
methods were used to check if the variables were normally distributed. After determining normal distribution,
the data of patients, who experienced syncope, were compared to those who did not experience syncope
during tilt test using by using independent sample t-test. The values before and after HUTT were compared
by using paired samples t test. Overall, 5% type-1 error level was used to infer statistical significance.

Results
A total of 89 patients underwent HUTT. Fifty patients developed neurogenic syncope during HUTT.
The mixed type and cardioinhibitory syncope were the most common types of syncope, and followed by
vasodepressor syncope (Table 1).
There were no significant difference between patients who experienced syncope versus patients who
did not; in terms of gender, age, mitral lateral annular systolic velocity, and septal annular systolic velocity
(p>0.05). However, tricuspid lateral annular systolic velocity was higher in patients, who experienced
syncope compared to those who did not experience syncope (p=0.003) (Table 2). Mitral lateral annular
systolic velocity, and septal annular systolic velocity were similar before and after tilt testing in patients with
and without syncope (p>0.05). Also tricuspid lateral annular systolic velocity was similar in patient without
syncope (p>0.05). However right ventricular s’ velocity after tilt testing was higher in patients with syncope in
comparison to those without syncope (p=0.003)
Discussion
To our knowledge this is the first study which evaluate right ventricular function in neurogenic
syncope. According to the results of this study ventricular contractility using tissue doppler s’ velocity was
higher in patients with neurogenic syncope than those without syncope.
Head up tilt testing is a laboratory procedure that has been used over the past 60 years to investigate
the neurogenic reactions including syncope. And it can be helpful in confirmation of neurally mediated
hypotension and bradycardia in subjects believed to be susceptible to neurogenic syncope

(12)

.

The exact pathophysiological mechanisms responsible for neurogenic syncope have not been totally
elucidated. After the initiating events of neurogenic syncope, complex hemodynamic changes occur,
resulting in marked hypotension, bradycardia, and loss of consciousness. Several theories have been
recommended to account for these hemodynamic changes including ventricular theory
dysfunction theory

(14,15)

(13)

, baroreflex

, reduced blood volume theory, neurohumoral theories (epinephrin, serotonin, Renin,

Vasopressin, b-Endorphin, Endothelin, and Nitric Oxide) and active vasodilation theory which could not
clearly delineate the mechanism for neurogenic syncope

(16)
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Echocardiographic examination has a major role for explanation of “ventricular theorem” which is the
most widely accepted pathophysiological reason of neurogenic syncope. Shaley et al. showed that patients,
who experienced syncope passively or with isoproterenol provocation in the HUTT, had a significant
decrease in left ventricular systolic diameters and a severe increase in myocardial contractility compared to
patients, who did not experience syncope or those in the control group

(17)

. In the study by Moon et al.

echocardiography was performed during the HUTT and left ventricular hyper contractility was observed in
patients with HUTT induced neurogenic syncope occurring immediately after passive tilting

(18)

. In another

study patients were evaluated with strain echocardiography after 6 months of HUTT. They found a decrease
in myocardial strain to be predictive of a positive tilt test.

(19)

It is possible that individuals prone to neurogenic

syncope may demonstrate a decreased myocardial strain at rest but increased strain and contractility with
provoking stimuli.
The studies mentioned above yielded information about the physiology of the left ventricular functions.
But timing of echocardiography was not uniform. And also the methods of the studies were quite different.
Therefore the results may have been different in those studies ultimately making clear statement of left
ventricular functions in syncope is not possible.
The tissue doppler imaging is the most commonly used echocardiographic method in daily practice,
and it is employed to evaluate myocardial systolic and diastolic functions. The systolic (s) velocity detected
by tissue doppler has been found to be directly related to the EF

(20)

. Unlike two-dimensional measurement of

the EF, tissue doppler method provides clear information regarding myocardial contractility independent of
the findings of cardiac loading, atrial functions, and heart rate

(21-22)

. In the study by Folino et al.

no

remarkable difference was observed between patients who experienced syncope versus who did not
experience syncope during HUTT in terms of atrial and ventricular dimensions; however, a modest increase
has been observed in tissue doppler systolic velocity as the measure of myocardial contractility, although this
increase was statistically insignificant

(23)

.

There are no data regarding right ventricle functions during

syncope. The present study did not show a significant difference between patients who experienced syncope
versus who did not experience syncope immediately after HUTT in terms of left ventricular lateral and septal
tissue doppler systolic velocity. However, right ventricular tissue doppler systolic velocity was significantly
higher in patients who experienced syncope. In the study by Mangin et al., peak endocardial acceleration
was evaluated as the measure of myocardial contractility by inserting a sensor to the right ventricular lead of
the patients in whom a permanent dual pacemaker has been previously implanted. The contractility was
higher in patients, who experienced syncope during HUTT

(24)

. Based on the current data, right ventricle

contractility was found to be higher in patients who experienced neurogenic syncope compared to patients in
the control group. Decreased volume load in the right ventricule associated with prolonged standing
increases

the sympathetic response and this

may have caused a further increase in right ventricular

contractility. Higher cardiac contractility in patients with neurogenic syncope can be more easily detected in
the thin-walled right ventricle than the thick walled left ventricle. Right ventricle is more vulnerable to volume
changes, and higher contractility of the right ventricle in these patients compared to the control group seems
to be resulting in syncope by causing bradycardia and hypotension in addition to the imbalance in
parasympathetic response. This may be the reason why left ventricle contractions are found similar in both
syncope and non-syncope group in our study. Echocardiographic right ventricular systolic s’ velocity is the
marker that demonstrates more powerful contraction of right ventricle which can be detected more easily
than left ventricle and can contribute pathophysiological explanation of the tilt test neurogenic syncope.
Although left ventricular contractility are similar in syncope and control groups right ventricular contractility
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are significantly higher in the syncope group. The increased cardiac contractility may be associated with
syncope mechanism in neurogenic syncope patients.
Study limitations
Although the findings of the present study seem to support the findings of the previous studies, there
are methodological differences. Echocardiographic examination was performed immediately after syncope
and not during tilt test. Also we used s’ velocities for myocardial contractility measurements but not strain
because we didn’t have that software package available while conducting our study.
Conclusion
The patients, who experienced syncope during head-up tilt test, had higher right ventricular
contractility, which is reflected by an increase in echocardiographic tissue doppler systolic velocity. This
increase can contribute to the pathophysiologic explanation of neurogenic syncope.
Acknowledgements:
The authors thank to Ayla TOMAN for her great support in the course of study.
Statement of competing interests
This research received no specific grant from any funding agency, commercial or not-for-profit sectors
List of abbreviations
HUTT :head-up tilt test
Ethics approval :
This study was approved by the Izmir Katip Celebi Non-interventional Clinical studies İnstutional
Rewiev Board with references number 52
Consent for publication:
Not Applicable
Availability of data and materials:
This data can be used in patients with syncope
Competing interests:
No conflict of interest
Funding:
No financial support was taken for this study

6

Koşuyolu Heart Journal

DOI: 10.5578/khj.66876

References
1. Moya A, Sutton R, Ammirati F, Blanc JJ, Brignole M, Dahm JB et al. Guidelines for the diagnosis and
management of syncope (version 2009). European Heart J. 2009;30: 2631–2671.
2. Blanc JJ, L’Her C, Touiza A, Garo B, L’Her E, Mansourati J. Prospective evaluation and outcome of
patients admitted for syncope over a 1 year period. Eur Heart J. 2002;23:815–820
3. Alshekhlee A, Shen WK, Mackall J, Chelimsky TC. Incidence and mortality rates of syncope in the
United States. Am J Med. 2009;122:181–8.
4. Vigar S, Bradley D, Shen W. Syncope units: impact on patient care and health related costs. Cardiol
Clin 2013;31: 39-49.
5. Brignole M, Menozzi C, Bartoletti A, Giada F, Lagi A, Ungar A et al. A new management of syncope:
prospective systematic guideline-based evaluation of patients referred urgently to general hospitals.
Eur Heart J. 2006;27:76–82.
6. Krediet CT, van Dijk N, Linzer M, van Lieshout JJ, Wieling W. Management of vasovagal syncope:
controlling or aborting faints by leg crossing and muscle tensing. Circulation 2002;106:1684-9.
7. Kapoor WN. Syncope. N Engl J Med 2000;343:1856-1862
8. Zaqqa M, Massumi A. Neurally mediated syncope. Tex Heart Institute J 2000; 27: 268-272.
9. Benditt DG, Sakaguchi S, Schultz JJ, Remole S, Adler S, Lurie KG. Diagnostic considerations and
the role of tilt table testing. Cardiol Rev 1993;1: 146–156.
10. Brignole M, Menozzi C, Del Rosso A, Costa S, Gaggioli G, Bottoni N et al New classification of
haemodynamics of vasovagal syncope: beyond the VASIS classification Analysis of the presyncopal phase of the tilt test without and with nitroglycerin challenge. Vasovagal Syncope
International Study. Europace 2000;2, 66–76
11. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA et al American Society of
Echocardiography's

Nomenclature

and

Standards

Committee;

Task

Force

on

Chamber

Quantification; American College of Cardiology Echocardiography Committee; American Heart
Association; European Association of Echocardiography, European Society of Cardiology
Recommendations for chamber quantification. Eur J Echocardiogr 2006;7:79–108.
12. Shalev Y, Gal R, Tchou PJ, Anderson AJ, Avitall B, Akhtar M et al. Echocardiographic demonstration
of decreased left ventricular dimensions and vigorous myocardial contraction during syncope
induced by head-up tilt. J Am Coll Cardiol. 1991;18:746-751.
13. Mosqueda-Garcia R, Fernandez-Violante R, Tank J Snell M, Cunningham G, Furlan R. Yohimbine in
neurally mediated syncope. Pathophysiological implications. J Clin Invest. 1998;102 (10): 18241830.
14. Mosqueda-Garcia R, Furlan R, Fernandez-Violante R, Desai T, Snell M, Jarai Z,.Sympathetic and
baroreceptor reflex function in neurally mediated syncope evoked by tilt. J Clin Invest.1997; 99 (11):
2736 –2744.
15. Ellenbogen KA, Morillo CA, Wood MA, Gilligan DM, Eckberg DL, Smith ML. Neural monitoring of
vasovagal syncope. Pacing Clin Electrophysiol. 1997;20 (3): 788 –794.
16. Mosqueda-Garcia R, Furlan R, Tank J, Fernandez-Violante R. The elusive pathophysiology of
neurally mediated syncope. Circulation. 2000;102 (23):2898-2906.

7

Koşuyolu Heart Journal

DOI: 10.5578/khj.66876

17. Forleo C , Guida P, Iacoviello M, Resta M, Monitillo F,Sorrentino S, Favale S. Head-up tilt testing
for diagnosing vasovagal syncope: A meta-analysis International Journal of Cardiology 2013; 168:
27–35
18. Moon J, Kim H, Kim JY, Chung S, Choi EY, Min PK Left ventricular hypercontractility immediately
after tilting triggers a disregulated cardioinhibitory reaction in vasovagal syncope: echocardiographic
evaluation during the head-up tilt test. Cardiology. 2010;117:118-123
19. Goel R, Caracciolo G, Wilansky S, Scott LR, Narula J, Sengupta PP. Effect of head-up tilt-table
testing on left ventricular longitudinal strain in patients with neurogenic syncope Am J Cardiol.
2013;112:1252-7
20. Appleton CP, Jensen JL, Hatle LK, Oh JK. Doppler evaluation of left and right ventricular diastolic
function: a technical guide for obtaining optimal flow velocity recordings. J Am Soc Echocardiogr
1997;10:271-291
21. Gulati VK, Katz WE, Follansbee WP, Gorcsan J 3rd. Mitral annular descent velocity by tissue
Doppler echocardiography as an index of global left ventricular function. Am J Cardiol 1996; 77:
979–984
22. Yamada H, Oki T, Tabata T, Iuchi A, Ito S. Assessment of left ventricular systolic wall motion velocity
with pulsed tissue Doppler imaging: comparison with peak dP/dt of the left ventricular pressure
curve. J Am Soc Echocardiogr 1998; 11: 442–9
23. Folino AF,

Russo G,

Buja G,

Iliceto S, Contribution of Decreased Atrial Function in the

Pathogenesis of Neurally Mediated Syncope American Journal of Cardiology 2006; 97:1017-1024.
24. Mangin L, Kobeissi A, Lelouche D, Dhérouville TY, Mansier P, Swynghedauw B, Macquin-Mavier I.
Simultaneous analysis of heart rate variability and myocardial contractility during head-up tilt in
patients with vasovagal syncope. J Cardiovasc Electrophysiol. 2001; 12: 639-644.

8

Koşuyolu Heart Journal

DOI: 10.5578/khj.66876

Table 1: Number and percentage of patients with syncope

Syncope type

N,(%)

Mixed syncope

20 (%40)

Cardioinhibitor syncope

20 (%40)

Vasodepressor syncope

10 (%20)

n,(%):number,percentage

9

Koşuyolu Heart Journal

DOI: 10.5578/khj.66876

Tablo 2: The differences of patients who experienced syncope versus those who did not in terms of
gender, age, tissue Doppler parameters

Syncope

Syncope

Negative

positive
P

n:39

n:50

women n,(%)

17 (%44)

22 (%44)

0.969

Age years (n±SD)

26±9,9

26±12,3

0.402

Ejection Fraction (%)

64±3,9

62,6±4,0

0.105

Left ventricular Lateral s’*(n±SD)

13,4±3,5

13,7±3,9

0.714

Left ventricular Lateral s’** (n±SD)

13,3±3,6

14±3,8

0.625

Septal s’ * (n±SD)

10,2±1,8

10,1±1,8

0.884

Septal s’** (n±SD)

10,3±2

11±3,7

0.951

Right ventricular lateral s’ * (n±SD)

15,1±3,1

15,3±3,2

0.828

Right ventricular lateral s’ ** (n±SD)

15,1±3,0

17±2,7

0.003

*:

values before tilt testing

**:

values after tilt testing

n,(%):number,percentage
(n±SD): number±standart deviation
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