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ABSTRACT

Introduction and objectives: Left ventricular false tendon is a structure of unknown function in cardiac
physiology that was first described anatomically by Turner. This condition may be related to various
electrical or functional abnormalities, but no consensus has ever been reached. The purpose of this study
was to determine the time of appearance, prevalence and histologic composition of false tendon, as well
as its association with innocent murmur in children and with heart disease.
Methods: The basic research was performed by anatomic dissection of hearts from adult human
cadavers to describe false tendon and its histology. The clinical research consisted of echocardiographic
study in a pediatric population to identify any relationship with heart disease, innocent murmur in
children, or other abnormalities. Fetal echocardiography was performed prenatally at different
gestational ages.
Results: False tendon was a normal finding in cardiac dissection and was composed of muscle and
connective tissue fibers. In the pediatric population, false tendon was present in 83% on
echocardiography and showed a statistically significant association only with innocent murmur in
children and slower aortic acceleration. The presence of false tendon was first observed on fetal
echocardiography from week 20 of pregnancy.
Conclusions: Left ventricular false tendon is a normal finding visualized by fetal echocardiography from
week 20 and is present until adulthood with no pathologic effects except for innocent murmur during
childhood. It remains to be determined if false tendon is the cause of the murmurs or if its absence or
structural anomalies are related to disease.

© 2014 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Estudio basico e implicaciones clinicas del falso tendon del ventriculo izquierdo.
ZEsta asociado al soplo inocente infantil o a enfermedad cardiaca?

RESUMEN

Introduccion y objetivos: El falso tendén del ventriculo izquierdo es una estructura descrita
anatomicamente por Turner. Se desconoce su funcién dentro de la fisiologia cardiaca. Se ha postulado,
sin alcanzar consenso, su relacién con diversas alteraciones eléctricas o funcionales. El objetivo es
conocer cuando aparece, su prevalencia, su composicion histolégica y su asociacion con el soplo inocente
infantil o con enfermedad cardiaca.

Meétodos: La investigacion basica se realiz6 por la disecciéon anatémica en cadaveres de corazones
humanos adultos para describir el falso tendén y su histologia. La investigacion clinica se realizo en
poblacion pediatrica mediante ecocardiografia y se analizé su relacion con cardiopatia, el soplo inocente
infantil u otras alteraciones. Prenatalmente se realizaron ecocardiografias fetales a diferentes edades
gestacionales.

Resultados: La presencia del falso tendon es la norma en la diseccion cardiaca, y esta constituido por
fibras de tejido muscular y conectivo. En la poblacién pediatrica, la presencia ecocardiogréfica del falso
tendon fue del 83%, y solo mostro relacion estadisticamente significativa con el soplo inocente infantil y
una menor aceleracion de la aorta. Por ecocardiografia fetal, se objetivd su presencia desde al menos la
semana 20 de gestacion.
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Conclusiones: El falso tendén del ventriculo izquierdo es una normalidad clinica visible por
ecocardiografia fetal ya desde la semana 20, con presencia hasta la edad adulta sin relacion
con enfermedad, Gnicamente con la presencia de soplo inocente en edad pediatrica; queda por
determinar si es la causa del soplo y si es su ausencia o anomalias estructurales lo que se relaciona

con enfermedad.

© 2014 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

FT: left ventricular false tendon

INTRODUCTION

Left ventricular false tendon (FT) was first described in
1893 by Dr Turner, who observed it on dissection of the human
heart.! This fibromuscular structure originates in the interven-
tricular septum and crosses the left ventricle to the papillary
muscles, lateral wall, or cardiac apex. Since that time, the
structure has been studied by human®~* and animal®>® cadaver
dissection. Technological breakthroughs have also led to
other techniques, such as echocardiography’~'' (including
3-dimensional)'? and magnetic resonance imaging,'>!* that
permit visualization of live human hearts. The percentage of FT
visualization in humans has been rising with technical improve-
ments: the earliest studies report rates of 0.5% whereas current
investigations have achieved up to 78%.”-'>'°-!7 False tendon
has been related to clinical signs, such as innocent murmur,'°-18
conduction and heart rate abnormalities,'®?° cavitary thrombi,?!
and even infections,?? although there is no consensus on the
implication of FT in human physiology or disease. Its morpho-
genesis and embryonic origin are not well known, and prenatal
imaging has been rare, with only a few reports of the condition
observed during the fetal period.?>?* Qur study sought further
information on the gestational age at which FT can first be seen,
the implications of its presence during childhood, the actual
prevalence in adults by postmortem studies, and the histologic
characteristics of the structure.

METHODS
Basic Research
Anatomic Study

The basic anatomic study was designed to determine the actual
prevalence of FT in human hearts by anatomic dissection. We
selected 41 human cadavers (age range, 65-88 years; 18 women/
23 men) from voluntary donors between January and November
2012. The bodies were previously fixed by perfusion through a
cannula implanted in the common carotid artery and then
preserved in ponds of 5% formaldehyde solution. The hearts were
extracted by thoracotomy, labeled from #1 to #41, weighed on a
precision scale, and measured (length and width) with a caliper.
The interventricular septal and lateral wall thicknesses were also
measured. A scalpel was used to make incisions on the lateral wall
of the left ventricle to visualize the interior of the left ventricle and
FTs, with FT anatomically defined as fibromuscular structures
originating at the interventricular septum that cross the left
ventricle to the papillary muscles, lateral wall, or cardiac apex. The
number, location, and thickness of the FTs were studied; 10 of the
dissected hearts with a visible FT were submerged in a basin with
water for direct ultrasound of the structure (Figure 1).

Histology

False tendon specimens were obtained for histological exami-
nation from 5 of the 41 hearts studied. In this case, the specimens
were preserved in formaldehyde, then sliced and stained with
hematoxylin-eosin and Masson trichrome. We obtained micro-
photographs at x10, x20, and x40 (Figure 2).

Figure 1. A: Direct ultrasound of a heart showing left ventricular false tendon as echo-refringent image. B: The same heart by direct visualization. FT, left ventricular

false tendon.
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Figure 2. Hematoxylin-eosin stain of left ventricular false tendon (x 10)
showing connective tissue in the central and muscular area. The presence of
vascularization can also be seen. CT, connective tissue; V, vascularization.

Clinical Research
Clinical Study in the Pediatric Population

The clinical population study was designed primarily to identify
any statistical association between the presence of FT visualized on
echocardiographic study and the presence of innocent murmur in
children, defined as grade II/VI or lower heart murmur and
vibratory or musical characteristics auscultated in children,
predominantly in the left sternal borders and with no other
accompanying signs or symptoms. On echocardiography, FT was
defined as the structure located in the left ventricle and visualized
as a linear echo-refringent component originating in the lateral
ventricular wall, cardiac apex, or papillary muscles and reaching
the interventricular septum. The sample size was estimated at
150 patients to estimate prevalence with a 95% confidence interval
(95%CI), precision of 7.3%, and loss rate of 10%, assuming 75% with
the presence of FT, a value taken from similar previous studies. The
inclusion criteria were patients aged O to 14 years seen for the first
time by a pediatric cardiologist and referred by the primary or in-
hospital outpatient clinic. The exclusion criteria were lack of
parental consent, previous ultrasound performed by the observer,
or assistance with body measurements and electrocardiogram
before the ultrasound. The echocardiography was performed by a
pediatric cardiologist experienced in this technique who adhered
to the pediatric clinical guidelines and echocardiography stan-
dards,?® using a Philips HD 4000 ultrasound unit with 8- and 4-
MHz transducers. The study was approved by the Research Ethics
Committee of the Hospital Universitario de San Juan. The study
protocol included a complete medical history from the patient,
body measurements, electrocardiogram, and echocardiography.

Statistical Methods

The data were collected and analyzed by SPSS, which was
used to study all analyzed data from the medical history and
additional examinations (body measurements, electrocardiogram,
and echocardiography). Data were collected on the presence or

Table 1

Figure 3. Transthoracic echography in apical plane of 4 chambers, showing
left ventricular false tendon in the middle third of the left ventricle. FT, left
ventricular false tendon.

absence of FT, number of FTs, thickness, and location in the left
ventricle (divided into 3 similar parts in the apical, medial, and
superior thirds) (Figure 3). SPSS was also used for the descriptive,
bivariate, and multivariate analyses. The descriptive analysis was
performed using absolute and relative frequencies for qualitative
variables and mean (standard deviation) for quantitative variables.
The bivariate analysis was performed using chi-squared and
Student t tests, as applicable in each case. In addition, the raw odds
ratios (OR) were calculated. Lastly, a multivariate logistic regres-
sion model was fitted to control for possible confounding variables.
All analyses were performed with a significance value of 5%, and
the confidence interval was obtained for each parameter.

Clinical Study in Pregnant Women

Lastly, fetal echocardiography was proposed to pregnant
women in gestational weeks 12 to 32, with the aim of visualizing
any FTs. The study was performed in 10 pregnant women by
gynecologists with specific fetal echocardiography training in a
fetal diagnostic unit in a tertiary hospital.

RESULTS
Basic Research
Anatomic Study

Initially, the basic measurements were taken from the hearts
listed in Table 1. The results of cadaver dissection of human
hearts showed that 41 hearts had at least 2 (mean, 3.7) FTs. We
divided them according to their visual characteristics of thickness
in the largest FTs (muscular, M) and finest (tendinous, T), the
latter being shorter and finer (Table 2).

Summary of the General Characteristics of the Hearts Studied by Cadaver Dissection

Weight, kg Length, cm Width, cm LV length, cm IVS thickness, cm
Mean 4215 9.85 10.12 5.88 1.49
Maximum 700 14.30 14.30 8.52 2.05
Minimum 239 7.52 7.52 4.25 0.75

IVS, interventricular septum; LV, left ventricle.
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Table 2
Results for False Tendon From Cadaver Dissection

Number of FTs FT length, mm FT thickness, mm
Mean 3.7 1.84 (T)/2.21 (M) 0.056 (T)/0.28 (M)
Maximum 7 4.04 (T)/5.54 (M) 0.22 (T)/0.85 (M)
Minimum 2 0.54 (T)/0.61 (M) 0.01 (T)/0.05 (M)

FT, left ventricular false tendon; M, FT of muscular characteristics; T, FT of tendinous
characteristics.

The most common location was the region closest to the cardiac
apex. Less than 5% of FTs were found in the third farthest from
the apex (Figure 4).

Histology Results

The histology of the fixed and studied FTs showed muscle fibers
and connective tissue of various proportions, depending on the
location of the slice. Vascularization of the FTs was evident in
the slices (Figure 5).

Clinical Study Outcomes
Clinical Study Outcomes in the Pediatric Population

Heart murmur was observed in 81% (95%Cl, 0.75-0.88) of
children attending the cardiology outpatient clinic and FT was seen
in 83% of these patients (Table 3). Among the patients with FT, 75%
had 1 FT, 24% had 2, and only 1% had 3 or more. The site was usually
the middle region (67%), followed by the cardiac apex (22%) or
upper third (11%). No differences were observed in the presence or
absence of FT according to age, sex, weight, height, blood pressure,
interventricular septal thickness, or the presence of heart disease,
which we defined as electrocardiographic or morphologic abnor-
mality in the echocardiographic study. Conversely, the FTs showed
no significant relationship with innocent murmur in children and
slower descending aorta acceleration (P < .05) (Table 4).

Figure 4. Dissected human heart showing 2 left ventricular false tendons of
different thickness; the lower FT is known as muscular and the upper FT as
tendinous. FT, left ventricular false tendon; M, muscular; T, tendinous.

B e S )

Figure 5. Hematoxylin-eosin stain of left ventricular false tendon at x 10 (A)
and x 20 (B) that shows a predominance of muscle tissue, although connective
tissue is also observed. CT, connective tissue; M, muscular.

In the multivariate analysis, the adjusted OR (AOR) was 5.05
(95%CI, 1.28-19.81) for the presence of murmur and 0.05 (95%ClI,
0.03-0.85) for descending aorta acceleration, such that the
presence of FT was related to slower velocity in the descending
aorta (Table 4).

Study Outcomes in Pregnant Women

Ten echocardiograms were performed and showed FT in 6
fetuses from week 20 to week 36. False tendon was not visualized
before week 20 (Figure 6).

DISCUSSION

Although FT was described some time ago and can readily be
observed on routine additional tests (echocardiography®’~'? and
magnetic resonance imaging'?), it has not been clearly established
if the structure is normal or if it is related to any diseases.
Population studies have been performed by autopsy or 2-
dimensional ultrasound.?”'?> The implication of FT for cardiac
physiology is still unknown, and its association with some heart

Table 3
Description of the Pediatric Population Study
CI

Presence of FT, % 124 (83) 0.77-0.89
Murmur, % 121 (81) 0.75-0.88
Females, % 67 (45) 0.37-0.53
Weight, mean (SD), kg 19.75 (13.65) 6.10-33.40
Height, mean (SD), cm 102.04 (31.39) 70.65-133.43
Age, mean (SD), y 4.35 (3.59) 0.76-7.94
SBP, mean (SD), mmHg 97.74 (15.78) 81.95-113.52
IVS thickness, mean (SD), mm 6.33 (1.45) 4.88-7.78
Aorta acceleration, mean (SD), m/s 1.19 (0.33) 0.86-1.53
Diagnosis (altered), % 47 (31) 0.24-0.39

Cl, confidence interval; FT, left ventricular false tendon; IVS, interventricular
septum; SBP, systolic blood pressure; SD, standard deviation.
Unless otherwise indicated, the data are expressed as No. (%).
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Table 4
Multivariate Analysis Showing That the Presence of False Tendon Shows a
Statistically Significant Association With Murmurs and Aortic Acceleration

Variable OR (95%CI) P

Murmur 5.04 (1.28-19.81) .020
Female 0.43 (0.12-1.61) 212
Weight 0.95 (0.84-1.07) 413
Height 0.98 (0.94-1.04) .568
Age 1.15 (0.65-2.02) .638
SBP 1.03 (0.47-1.03) .338
IVS thickness 1.05 (0.51-2.16) .893
Aorta acceleration 0.05 (0.03-0.85) .038
Diagnosis (altered) 0.61 (0.13-2.78) 525

95%Cl, 95% confidence interval; IVS, interventricular septum; OR, odds ratio;
SBP, systolic blood pressure; SD, standard deviation.

diseases'?~212627 has not been well determined; hence, there is no
consensus that the finding has clinical implications. For this
reason, we decided to undertake a complete review of FT by
focusing our study on 4 fields to determine its prevalence and
histologic, anatomic, and echocardiographic characteristics during
the fetal stage and childhood years in order to understand if the
entity correlates with heart disease.

The results obtained from cadaver dissection of human hearts
show that the presence of FT is the norm without exception and
that a mean of 3 to 4 FTs are found. This level is the highest of those
observed in previous studies,* as up to 95% had been found in small
animal series.'® As in earlier studies, histology showed that FTs are
composed of collagen and muscle fibers in different percentages,
although muscle fibers are more frequent in thicker FTs. This
allowed them to be classified into 2 groups (muscular and
tendinous), although it is not known if they are functionally
different. Staining did not allow the electric transmission
structures to be visualized, although some studies do report that
they are present and implicated in cardiac arrhythmias.!®>%-26

The pediatric population study found FT on ultrasound in 83% of
patients, which is the highest frequency of FT found by ultrasound
in published studies to date. This finding can be explained by
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Figure 6. Fetal echocardiography image in a woman in the 21st week of
pregnancy. Left ventricular false tendon is observed in the middle third of the
left ventricle. FT, left ventricular false tendon.

technical improvements in ultrasound units, as well as the study
approach used to visualize the structure. Unlike the dissection
studies, not all FTs were found for 2 reasons: 1) FTs are sometimes
thin and can go unnoticed and 2) visualization of FTs in the apex
may be impossible because the region is hard to examine by
echocardiography and most FTs are found during dissection.

Like some previous studies,'®'® a statistically significant
association was shown between the presence of FT visualized
on echocardiography and innocent murmur in children (P < .05). A
lower velocity was also found in the descending aorta. There were
no other relationships with echocardiography findings, electro-
cardiography abnormalities, or clinical symptoms that could be
statistically related to the presence of FT. There have been reports
of multiple associations between the presence of FTs and the origin
of arrhythmias,'®?%2% valve abnormalities,?! and infections,??
although these associations have not been clearly demonstrated.
As in this study, the most widely accepted association is with
innocent murmur in children.'®~'® This murmur has been related
to increased velocity in the aorta®®; in our study, the presence of FT
was not a confounding factor but rather indicated that this velocity
is slower. In fact, the movement produced by blood outflow may
produce vibratory movement in the FT that causes the murmur and
reduces blood flow at the aortic velocity. The factors of FT length,
thickness, ejection volume, and left ventricular size would mean
that the ideal factors for its presence occur in childhood.

Logically, if FT is present from birth, it must originate during
cardiac organogenesis, as shown in basic studies on noncompacted
cardiomyopathy that have reported the formation of these
structures between weeks 5 and 8 of pregnancy.”®3° Fetal
echocardiography has demonstrated the presence of FTs as of
week 20,2 and our study also found FT to be present from week
20. Although FT is presumed to exist at earlier ages according to
certain studies,?®° current methodological ultrasound techniques
are unable to visualize the condition. The time at which FT appears
cannot be established, but it must originate from the time of
organogenesis.

CONCLUSIONS

Our study investigated FT from various perspectives and found
that the structure is present from the fetal stage into adulthood
and that its presence in pediatric echocardiography is not related
to heart disease. This structure did exhibit a statistical association
with innocent murmur in children, but causality was not shown
because the mechanism is still not described and demonstrated.
Although FT is a normal finding, it cannot be ruled out that
anomalous or missing FT could be related to disease, and further
studies are required on this topic.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Turner W. Another heart with moderator band in the left ventricle. ] Anat
Physiol. 1896;30:568-9.

2. Gerlis LM, Wright HM, Wilson N, Erzengin F, Dickinson DF. Left ventricular
bands a normal anatomical feature. Br Heart ]. 1984;52:641-7.

3. Luetmer PH, Edwards WD, Seward ]B, Tajik AJ. Incidence and distribution of left
ventricular false tendons: an autopsy study of 483 normal human hearts. ] Am
Coll Cardiol. 1986;8:179-83.

4. Boyd MB, Seward JB, Tajik AJ, Edwards WD. Frequency and location of promi-
nent left ventricular trabeculations at autopsy in 474 normal human hearts:
implications for evaluation of mural thrombi by two dimensional echocardi-
ography. ] Am Coll Cardiol. 1987;9:323-6.


http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0170

10.

11.

12.

13.

14.

15.

16.

17.

18.

F. Sdnchez Ferrer et al./Rev Esp Cardiol. 2015;68(8):700-705

. Kervancioglu M, Ozbag D, Kervancioglu P, Hatipoglu ES, Kilin¢ M, Yilmaz F, et al.

Echocardiographic and morphologic examination of left ventricular false ten-
dons in human and animal hearts. Clin Anat. 2003;16:389-95.

. Goshal NG. Enquire heart and arteries. In: Getty R, editor. Sisson and Gross-

man’s, the anatomy of domestic animals.. 5th ed. Philadelphia, London,
Toronto: WB Saunders; 1975. p. 561-3.

. Okamoto M, Nagata S, Park YD, Masuda Y, Beppu S, Yutani C, et al. Visulaization

of the false tendon in the left ventricle with echocardiography and its clinical
significance. ] Cardiogr. 1981;11:265-70.

. Vered Z, Meltzer RS, Benjamin P, Motro M, Neufeld HN. Prevalence and

significance of false tendons in the left ventricle as determined by echocardi-
ography. Am ] Cardiol. 1984;53:330-2.

. Sethuraman KR, Sriram R, Balachandar J. Left ventricular false tendons: echocar-

diographicincidence inIndia and clinical importance. IntJ Cardiol. 1984;6:385-7.
Brenner ]I, Baker K, Ringel RE, Berman MA. Echocradiographic evidence of left
ventricular bands in infants and children. ] Am Coll Cardiol. 1984;3:15-20.
Casta A, Wolf WJ. Left ventricular bands (false tendons): echocardiographic and
angiocardiographic delineation in children. Am Heart J. 1986;111:321-4.
Honda K, Okamura Y, Nishimura Y, Hirata K. Three-dimensional echocardiog-
raphy and operative imaging of a false tendon connecting the left atrial wall to
the anterior mitral leaflet. Eur Heart J. 2013;34:318.

Ho ML, Masand P, Gutierrez FR. Left ventricular myocardial bands: MDCT and
MR appearance. ] Thorac Imaging. 2009;24:119-24. http://dx.doi.org/10.1097/
RTI.0Ob013e318192d4c1.

Borg AN, Miller C, Schmitt M. Localised myocardial scar related to left ventric-
ular false tendons. Eur Heart ] Cardiovasc Imaging. 2012;13:795.

Nishimura T, Kondo M, Umadome H, Shimono Y. Echocardiographic features of
the false tendons in the left ventricle. Am ] Cardiol. 1981;48:177-83.

Philip S, Cherian KM, Wu MH, Lue HC. Left ventricular false tendons: echocar-
diographic, morphologic, and histopathologic studies and review of the liter-
ature. Pediatr Neonatol. 2011;52:279-86.

Gardener HM, Joffe HS. Genesis of Still's murmurs: a controlled Doppler
echocardiographic study. Br Heart J. 1991;66:217-20.

Van Oort A, Van Hopman J, Der Boo T, Van der Werf T, Rohmer ], Daniels O. The
vibratory innocent heart murmur in school children: a case-control Doppler
echocardiographic study. Pediatr Cardiol. 1994;15:275-81.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

705

Ker J. Subaortic tendon induced ST-segment elevation — a new echo-electro-
cardiographic phenomenon? Cardiovasc Ultrasound. 2009;24:7-13.

Sutton MG, Dubrey S, Oldershaw PJ. Muscular false tendons, aberrant left
ventricular papillary musculature and severe electrocardiographic repolariza-
tion abnormalities: a new syndrome. Br Heart ]. 1994;71:187-90.
Yosshikawa J, Tanaka K, Owaki T, Kato H. Cord-like aortic valve vegetation in
bacterial endocarditis. Demonstration by cardiac ultrasonography. Report of a
case. Circulation. 1976;53:911-4.

Asigner RW, Mikell FL, Sharma BM. Observations on detecting left ventricular
thrombus with two dimensional echocardiography: Emphasis on avoidance of
false positive diagnosis. Am ] Cardiol. 1981;47:145.

Grzybiak M, Lotkowski D, Kozlowski D. False tendons in the left ventricle of the
heart in humans during pre and postnatal periods. Folia Morphol (Warsz).
1996;55:89-99.

Altug N, Danisman AN. Echogenic focus in the fetal left ventricular cavity: is it a
false tendon? Early Hum Dev. 2013;89:479-82.

Lai WW, Geva T, Shirali GS, Frommelt PC, Humes RA, Brook MM, et al. Task Force
of the Pediatric Council of the American Society of Echocardiography; Pediatric
Council of the American Society of Echocardiography. Guidelines and standards
for performance of a pediatric echocardiogram: a report from the Task Force of
the Pediatric Council of the American Society of Echocardiography. ] Am Soc
Echocardiogr. 2006;19:1413-30.

Schmidt B, Chun KR, Kuck KH, Ouyang F. Ventricular tachycardias originating in
the his-purkinje system. Bundle branch reentrant ventricular tachycardias and
fascicular ventricular tachycardias. Herz. 2009;34:554-60.

Bhatt MR, Alfonso CE, Bhatt AM, Lee S, Ferreira AC, Salerno TA, et al. Effects and
mechanisms of left ventricular false tendons on functional mitral regurgitation
in patients with severe cardiomyopathy. ] Thorac Cardiovasc Surg. 2009;138:
1123-8.

Celebi A, Onat T. Echocardiographic study on the origin of innocent flow
murmur. Pediatr Cardiol. 2006;27:19-24.

Captur G, Nihoyannopoulos P. Left ventricular non-compaction: Genetic het-
erogeneity, diagnosis and clinical course. Int ] Cardiol. 2010;140:145-53.
Sarma RJ, Chana A, Elkayam U. Left ventricular noncompaction. Prog Cardiovasc
Dis. 2010;52:264-73.


http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0200
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0200
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0210
http://dx.doi.org/10.1097/RTI.0b013e318192d4c1
http://dx.doi.org/10.1097/RTI.0b013e318192d4c1
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0225
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0225
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0230
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0235
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0240
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0245
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0245
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0250
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0250
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0250
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0255
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0255
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0255
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0260
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0260
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0260
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0265
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0265
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0265
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0270
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0270
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0275
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0280
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0280
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0280
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0285
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0285
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0285
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0285
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0290
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0290
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0295
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0295
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0300
http://refhub.elsevier.com/S1885-5857(14)00464-2/sbref0300

	Basic Study and Clinical Implications of Left Ventricular False Tendon. Is it Associated With Innocent Murmur in Children ...
	INTRODUCTION
	METHODS
	Basic Research
	Anatomic Study
	Histology

	Clinical Research
	Clinical Study in the Pediatric Population
	Statistical Methods
	Clinical Study in Pregnant Women


	RESULTS
	Basic Research
	Anatomic Study
	Histology Results

	Clinical Study Outcomes
	Clinical Study Outcomes in the Pediatric Population
	Study Outcomes in Pregnant Women


	DISCUSSION
	CONCLUSIONS
	CONFLICTS OF INTEREST
	References


