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SUMMARY The prevalence and clinical importance of false tendons were studied in 488 con-
secutive patients referred for echocardiography. Two hundred and eighty three (58%) patients
had acquired heart disease, 91 (19%) had congenital heart disease, and 114 (23%) had normal
hearts. Sixty six patients with normal hearts had innocent systolic murmurs and one had recur-
rent ventricular tachycardia. The overall prevalence of false tendons was 25% compared with
1 6% in a retrospective analysis of 763 cross sectional echocardiograms. When patients with
innocent murmurs were excluded from statistical analysis, there was no significant difference in
the prevalence of these tendons between children and adults, boys and girls, men and women, or
between patients with acquired or congenital heart disease and normal patients. The prevalence
of false tendons in patients with dilated left ventricles (57%), however, resembled that seen in
necropsy studies. The prevalence of false tendons in patients with an innocent systolic murmur
was 76% in children and 40% in adults, with an overall prevalence of 52%.

False tendons are a common echocardiographic finding of no clinical importance except for
their possible role in the genesis of innocent murmurs and ventricular arrhythmias. The echo-
cardiographic detection of false tendons increases considerably when these structures are
specifically sought and in conditions that result in left ventricular chamber dilatation.

The echocardiographic features of left ventricular
false tendons have been reported,` and the
reliability of cross sectional echocardiography in the
recognition of false tendons has been established.4
In a recent morphological study these left ventricu-
lar bands were found in 48% of children and 52% of
adults.5 The reported prevalence of false tendons in
patients referred for echocardiography, however,
has varied widely between 0-4% to 61% (Table 1).
We have re-evaluated the prevalence, location, and
clinical importance of false tendons in patients
referred for echocardiography and have attempted
to explain the major discrepancies between mor-
phological studies and most echocardiographic
studies.
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Patients and methods

Four hundred and eighty eight patients referred for
echocardiography over a 2 /2 month period were
prospectively examined for the presence of false ten-
dons. All echocardiographic examinations were per-

Table 1 Prevalence offalse tendons in the reported
echocardiographic series

Author No ofpatients No (%) withfalse
examined tendons

Nishimura et al' 1000 5 (0 5)
Okamoto et al7 132 61 (46)
Vered et a!2 2079 42 (2)
Beattie et al 2004 84 (4)
Sethuraman* et al9 1012 4 (0 4)
Gerlis* et al' 800 3 (0-4)
Gerlist et al' 179 39 (21-7)
Brennert et al' 100 61 (61)
Perryt et al 3847 31 (0-8)

*Adult patients only; tpaediatric patients only.
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Table 2 Prevalence offalse tendons according to age, sex, and cardiac status in patients without innocent murmurs

Category No ofpatients No (%) with bands p valuet

All ages 422 89 (21) NS
Adults 333 69 (21) NS
Children 89 20 (22) NS
Men 178 43 (24) NS
Women 155 26 (17) NS
Boys 54 11 (20) NS
Girls 35 9 (26) NS
Congenital heart disease 91 16 (18) NS
Acquired heart disease 283 61 (21) NS
Normal hearts 48 12 (25) NS
Dilated left ventricle* 46 26 (57) < 0 001

*Twenty three patients had aortic regurgitation; 22 patients had a dilated cardiomyopathy; and one patient had mitral regurgitation.
tThe prevalence of false tendons in each category of patients is compared with the overall prevalence in patients without innocent
murmurs.

formed with an Advanced Technology taboratory
(ATL) cross sectional sector scanner with a 3-0
MHz transducer. Cross sectional studies were per-
formed in the parastemal long and short axis, para-

sternal apical, apical four chamber, apical two
chamber, and right anterior oblique equivalent
views. Subcostal views were obtained whenever this
was technically feasible. Special transducer angu-
lations (see Results section) were used to obtain bet-
ter images of the false tendons and their points of
insertion. A false tendon was diagnosed if a dis-
tinctive linear echo could be seen traversing the left
ventricular cavity in one or more echocardiographic
sections. We also retrospectively analysed the preva-
lence of false tendons in 763 consecutive patients
referred for echocardiography in the preceding four
months.
Both the prospective and retrospective echo-

cardiographic studies were performed and inter-
preted by two operators (JM and WG); however,
false tendons were not specifically searched for when
they obtained the echocardiograms included in the
retrospective analysis. The levels of attachment of
false tendons within the left ventricular cavity were

defined as basal, mid, and apical according to pre-
viously described criteria.'0 Care was taken to
differentiate false tendons from other echo-
producing structures, in particular thickened ven-

tricular trabeculations.4
When appropriate Student's t test was used to

assess statistical significance.

Results

CLINICAL CHARACTERISTICS OF PATIENTS
Four hundred and eighty eight patients (378 adults
and 110 children below the age of 14 years) were

studied prospectively. Their ages ranged from five
hours to 84 years. Two hundred and eighty three
(58%) patients had acquired heart disease, 91 (19%)
had congenital heart disease, and 114 patients (23%)
had no clinical or echocardiographic evidence of
heart disease. Sixty six of the patients with normal
hearts had an innocent systolic murmur that was

grade 1/6 to 3/6 in intensity often with a musical
quality, usually heard at the pulmonary area or the
left sternal border, but occasionally being loudest at
the apex or aortic area." Two hundred and seventy
two (56%) patients were male and 216 (44%)
patients were female. Sixty six were boys and 44
were girls. One patient was a 27 year old primi-
gravida with a history of palpitation and documen-
ted short runs of ventricular tachycardia. The
electrocardiogram was normal, and cross sectional
echocardiographic examination showed two false
tendons but was otherwise normal.

PREVALENCE
A left ventricular false tendon was found in 123
(25%) patients in the prospective study. Ninety six
(78%) of these patients were <40 years old. The
prevalence of false tendons in normal patients with
and without innocent murmurs was 52% and 25%

Table 3 Prevalence offalse tendons in patients with innocent murmurs

Category No ofpatients No (%) with bands p value*

All ages 66 34 (52) < 0 001
Adults with IM 45 18 (40) 0 01
Children with IM 21 16 (76) <0-001

*The prevalence of false tendons in each category of patients is compared with the overall prevalence in patients without innocent
murmurs.
IM, innocent murmur.
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A reappraisal of the prevalence and clinical importance of left ventricular false tendons

Fig. 1 Cross sectional echocardiogramsfrom patients with
false tendons. (a) Apicalfour chamber view demonstrating a
false tendon (arrow) attached to the apical segments of the
interventricular septum and left ventricular free wall. (b) A
false tendon (arrow) extending between the apical segment of
the left ventricularfree wall and mid-septum seen in thefour
chamber subcostal view. (c) A parasternal short axis view
demonstrating afalse tendon (arrows) attached to the basal
segments of the interventricular septum and left ventricular
free wall. A, anterior; I, inferior; L, left; LA, left atrium;
LV, left ventricle; P, posterior; R, right; RA, right atrium;
S, superior.

and without innocent murmurs was 52% and 25%
respectively (Tables 2 and 3). The prevalence of
these tendons in patients with acquired and con-
genital heart disease was 21% and 18% respectively
(Table 2). In patients with dilated left ventricles
(valvar insufficiency, dilated cardiomyopathy) the
prevalence of false tendons was 57% (Table 2).
When patients with innocent systolic mumurs were
excluded, we found no significant difference in the
prevalence of false tendons between children and
adults, men and women, boys and girls, acquired
and congenital heart disease, or between normal
hearts and those with acquired or congenital heart
disease (Table 2). Thus the prevalence of false ten-
dons was significantly higher only in those patients
with innocent systolic murmurs or dilated left ven-
tricles (Tables 2 and 3).

ECHOCARDIOGRAPHIC ANATOMY OF FALSE
TENDONS
One hundred and twenty three patients had a total of
133 false tendons. A hundred and twenty eight
(96%) of these tendons extended between the inter-
ventricular septum and left ventricular free wall
(Fig. 1). The remaining five (4%) tendons extended
longitudinally across one or more adjacent segments
of the interventricular septum (Fig. 2). Seventy two
per cent of all false tendons connected the apical free
wall to the apical segments or mid-segments of the

interventricular septum (Fig. la and b). Other sites
of attachment included the posteromedial papillary
muscle to the interventricular septum (17 (13%)),
the mid-segments of the free wall and inter-
ventricular septum (12 (9%)), and the basal seg-
ments of the interventricular septum and left
ventricular free wall (3 (2%)) (Fig. lc). Ten patients
had two false tendons each (Fig. 3), and in four
patients branching was evident.

Fig. 2 A longitudinalfalse tendon (arrows) is seen
adjacent to the interventricular septum in the subcostalfour
chamber view. See Fig. I for abbreviations.
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Fig. 3 Apicalfour chamber tmew showing twofalse tendons
(arrow heads) traversing the mid-portion of the left
ventricle. RV, right ventricle; other abbreviations as in
Fig. 1.

ECHOCARDIOGRAPHIC VIEWS
The false tendons in 123 patients were shown in a

total of 210 echocardiographic views. Seventy five
per cent of all false tendons were shown in the four
chamber apical (33%), apical right anterior oblique
equivalent (20%), and parasternal apical views
(22%). In 67 (54%) patients false tendons were seen
in only one echocardiographic section. Often they
were only partly displayed in echocardiographic
planes requiring special transducer angulations.
These usually consisted of counterclockwise rota-
tion of the ultrasound beam from standard echo-
cardiographic planes, in particular the parasternal
apical and apical right anterior oblique equivalent
views, as well as anterior and posterior tilting of the
transducer in the apical and subcostal positions.

INNOCENT SYSTOLIC MURMUR
The clinical and echocardiographic features of 66
patients (40 males, 26 females) with innocent sys-
tolic murmurs were examined. Their ages ranged
from four days to 60 years. Apart from the possible
presence of a false- tendon, the echocardiogram was
normal and there were no clinical or laboratory
findings to explain the systolic murmur in any
patient. There were 45 adults and 21 children.
Thirty four (52%) patients (25 males and 9 females)
had a total of 36 false tendons. Eighty three per cent
of these tendons connected the apical free wall to the
apical segments or mid-segments of the inter-
ventricular septum. The other sites of attachment
were the mid-segments of the left ventricular wall
and interventricular septum (2 (5 6%)), the basal
segments of the left ventricular free wall and inter-
ventricular septum (1 (2 8%)), and the pos-
teromedial papillary muscle and interventricular
septum (2 (5 6%)). One patient had a longitudinal
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chord. There was no difference in the level of attach-
ment of false tendons within the left ventricular
cavity between patients with and those without
innocent murmurs. In patients with innocent
murmurs we found false tendons in a significantly
higher percentage of children than adults (p = 0 002)
(Table 3).

Discussion

Left ventricular bands or false tendons are com-
monly (=50%) found at necropsy.56 The preva-
lence of false tendons in echocardiographic series
has varied widely, however, with most studies show-
ing a prevalence of <5% (Table 1). Early in the
course of the present study we became aware of the
high prevalence of false tendons in patients with
innocent systolic murmurs (Table 3). Subsequently
we specifically sought these structures in patients
with innocent murmurs.
The overall prevalence of false tendons excluding

patients with innocent murmurs remained high
(21%), however, with no significant difference in the
prevalence of these tendons being noted with respect
to age, sex, or underlying cardiac status (Table 2).
These results accord with those of a recent mor-
phological study in which there was no significant
difference in the prevalence of false tendons between
children and adults, boys and girls, or between
patients with acquired or congenital heart disease
and normal hearts.5
The prevalence of false tendons in patients with

dilated left ventricles (57%) was very close to that
observed in necropsy studies.5 6 False tendons are
thin string like structures that are stretched out and
are possibly better separated from adjacent myo-
cardial structures when the left ventricle dilates, and
therefore may become more accessible to the ultra-
sound beam. The prevalence of false tendons in the
retrospective study accords closely with that seen
in most echocardiographic series. The echo-
cardiographic yield of false tendons, therefore,
appears to be very low unless these structures are
specifically searched for. This frequently requires
the use of special transducer angulations and the
scanning of all possible acoustic windows, only 50%
of false tendons being visualised in a single echo-
cardiographic plane.
Although the accuracy of cross sectional echo-

cardiography in the detection of false tendons
has been established,4 the echocardiographic
differentiation of false tendons from the left inter-
ventricular septal border, or from certain patholo-
gical intracavitary structures, in particular thickened
ventricular trabeculations, can be difficult.47 One
should therefore, be very cautious in the inter-
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A reappraisal of the prevalence and clinical importance of left ventricular false tendons 591
pretation of the echocardiogram when false tendons
are sought. This may account for the low prevalence
of longitudinal chordae observed in the present re-
port.
There is considerable variation in the distribution

of false tendons and their points of attachment in
reported echocardiographic series. Vered et al found
that 88% of false tendons were attached to the basal
portion of the ventricular septum,2 whereas Beattie
et al found that only 27% was attached in this way.3
Perry et al found that 97% of all false tendons ex-
tended from a papillary muscle to the ventricular
septum,' whereas Brenner et al reported only one
patient with a false tendon that was inserted directly
into a papillary muscle.6 In the present report 13%
of false tendons were inserted directly into a papil-
lary muscle and only 2% of all tendons were located
at the base of the left ventricle or were attached at
one end to the basal ventricular septum. The appar-
ent discrepancies in the prevalence, location, and at-
tachments of false tendons in the echocardiographic
studies may be attributed to the lack of pathological
correlation in most cases, and of a standardised re-
gional analysis of the heart in echocardiographic lab-
oratories.
Although ventricular extrasystoles are common

during pregnancy, recurrent bursts of ventricular
tachycardia in the absence of underlying heart dis-
ease are unusual.12 False tendons have been re-
ported to have arrhythmogenic potentials when
stretched.8 13 It is therefore possible that conditions
resulting in left ventricular chamber dilatation, such
as pregnancy, by stretching any existing false tendon
may help precipitate a major ventricular arrhythmia.
The association between false tendons and the

innocent systolic murmur was emphasised by
Roberts. 4 Although Perry et al confirmed this
association in children referred for echocardi-
ography,8 the prevalence of false tendons in patients
with innocent systolic murmurs is not known. We
found that a considerable percentage of children and
adults with innocent murmurs had false tendons,
suggesting that these features are causally related
(Table 3). The true prevalence of false tendons in
children and adults with innocent murmurs in the
general population remains to be determined, how-
ever.
We conclude that false tendons are a very common

finding, particularly in patients with innocent sys-
tolic murmurs. Further studies are needed to clarify
their role in the genesis of innocent murmurs.

We thank Dr Milton Stefadouros for advice and
Alice Ashkar for biostatistics.
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