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Abstract Introduction/Objectives: Left ventricular bands (LVBs) are common in
feline hearts. Their importance and general features are incompletely described.
This study aimed to characterize LVBs in feline hearts based on anatomical loca-
tion, quantity, histological features, and attachment sites.
Animals, Materials and Methods: Hearts from 78 domestic cats with or without
heart disease were included in this study. Cardiac weight and dimensions were
measured, and LVBs were categorized as singular bands or nets, with further char-
acterization by location, length, appearance, and histological examination of at-
tachment sites.
Results: Median cardiac weight was 4.34 g/kg (interquartile range: 2.1 g/kg). Left
ventricular bands were present in all hearts, with 11% having only singular bands,
32% containing only nets, and 42% having nets covering the entire left ventricle
(LV). The most common LVB attachment sites were the LV mid-region involving
the posterior papillary muscle. Nets were most common in the mid-region including
the papillary muscles (93%), followed by basilar (60%) and apical (59%) regions. All
LVBs contained collagen, myocytes, adipose tissue, endothelial cells, and fibro-
blasts. No excess fibrosis, myocardial hypertrophy, or endocardial thickening at
the attachment sites was identified.
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Abbreviations

BW body weight
HW heart weight
IQR interquartile range
IVS interventricular se
LV left ventricle
LVB left ventricular ba
LVFW left ventricular fre
PPM posterior papillary
Study Limitations: The study included mainly domestic stray cats aged 12 weeks to
15 years, with few purebred or diseased individuals. The hearts were examined by
one person, which may introduce subjectivity.
Conclusions: Left ventricular bands are commonly found in the mid LV section of fe-
line hearts, primarily involving the posterior papillary muscle, suggesting normal
variation. Left ventricular bands contain myocytes, not Purkinje fibers, and are
not fibrous tendons. Myocyte hypertrophy or excess fibrosis is absent at attachment
sites.
ª 2025 The Authors. Published by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Left ventricular bands (LVBs) are structures that
transverse the left ventricle (LV) but are not
associated with the mitral valve [1]. Some are
string-like structures and referred to as singular
bands in this study, whereas others are fused to
form net-like structures [1]. Left ventricular bands
are reported to be common in cats, but they are
also found in other species [2] and were described
as early as 1893 in humans [3].

Various terms are used to describe LVBs,
including “moderator bands’ and “false tendons’
in veterinary medicine [1,4,5]. Consequently,
using terminology such as moderator bands and
false tendons may be misleading. However, this
article encourages the usage of the descriptive
term LVBs as opposed to false tendons or moder-
ator bands. The term ‘false tendons’ is derived
from a chorda tendinea-like appearance [6].
‘Moderator bands’ typically describe intra-
ventricular bands in the right ventricle, considered
part of the conduction system [7]. Additionally,
cats with endomyocardial fibrosis may exhibit
similar bands macroscopically, resembling LVBs,
but they are distinguished by pathological signs
such as fibrosis [4,5]. It is currently unclear if, and
how, LVBs and bands in cats with endomyocardial
fibrosis are associated. In contrast to LVBs, bands
in cats with endomyocardial fibrosis may hinder
ventricular filling, potentially causing restrictive
ventricular filling, previously termed “moderator
band cardiomyopathy” [7] and more recently
“endomyocardial restrictive cardiomyopathy” [8].

Left ventricular bands insert in the ventricular
wall at two or more sites, where the ventricular
myocardium may appear locally thickened [4,9].
These sites are sometimes referred to as “ectopic
papillary muscles”, and it is uncertain if they
represent mild pathological hypertrophy or normal
variation [3]. There are a few studies in cats
describing LVBs by use of echocardiography [9].
However, two-dimensional echocardiography is
limited in the sense that it usually only provides an
image in one thin plane, and current three-
dimensional modalities do not offer sufficient
image resolution or frame rate [10e12]. Accord-
ingly, two-dimensional echocardiography makes it
difficult to identify and fully characterize LVBs [6].
Therefore, the characterization of endocardial
bands, nets, and associated structures of LVBs is
most accurately evaluated by a postmortem
examination [13,14].

Studies concerning histological features of LVBs
are scarce. Liu et al. [4] described them as being
composed of Purkinje fibers, collagen, fibrous tis-
sue, endothelium, and increased and immature
fibroblasts at the attachment site. Kimura et al. [1]
also described that they harbored muscle fibers, a
finding well described in humans with LVBs [6]. The
presence or absence of Purkinje or muscle fibers is
important for understanding their function in the
normal feline heart, whether they are part of the
conduction system [15], contribute to myocardial
contraction [16], or are functionally passive
structures.

The aim of the present article was to charac-
terize LVBs in the feline heart by describing their
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anatomical location, quantifying their number,
and characterizing their histological features in a
subset of cats.
Animals, materials, and methods

Thirteen veterinarians at different clinics in Den-
mark contributed to this study by collecting hearts
on a voluntary basis, and they received no com-
pensation, except consumables necessary for har-
vesting the hearts of cats euthanized for reasons
unrelated to this study. Cats were included, pro-
vided that the owner had signed an informed
owner consent form, where the owner accepted
that their cat’s heart was donated for the present
study. Veterinarians were asked to document the
date of death, age, weight, health status, color,
gender, home status, and the reason for and the
method used for euthanasia. No restriction was
made regarding age, gender, or health status. All
veterinarians were asked to euthanize the cats
with protocols not involving cardiac injection. In
39 cats, the age was unknown; the age was esti-
mated from the appearance of the cat.

The hearts were harvested by the attending
veterinarian or the veterinarian responsible for
investigating the hearts (N. Kiessling). All hearts
were flushed with water or 10% phosphate-
buffered formalin to remove the blood in the
heart, before being placed in 10% phosphate-
buffered formalin within 24 h. The veterinarian
examining the hearts morphologically (N. Kies-
sling) was instructed on how to evaluate the ana-
tomical features of the hearts by a human
pathology specialist in heart and lung disease (S.
Rørvig). The weight, width, length, and height of
Figure 1 Measurements of the width, height, and length o
A: Width, transverse distance measured on the inferior sur
apex**. B: Length, longitudinal distance measured on the po
front (anterior) surface to the back (posterior) surface of th
LV: left ventricle; RV: right ventricle.
the hearts were measured according to predefined
criteria, as shown in Figure 1.

The one-dimensional measurements of cardiac
width, length, and height were body size normal-
ized by dividing the numerical value by the cubic
root of body weight (BW) according to the princi-
ple of allometric scaling [17,18]. This approach
leads to a unitless number of cardiac dimensions as
previously described for certain one-dimensional
echocardiographic measurements in cats [18].

The LV was dissected, as illustrated in Figure 2A,
by making an incision from the left atrium wall
along the free ventricular wall to the apex. A sec-
ond incision extended from the apex along the
anterior interventricular septum (IVS) and through
the left part of the anterior aortic wall. Finally, a
vertical section was made from the apex to the
base of the free wall, behind the posterior papil-
lary muscle (PPM), to allow for comprehensive
examination of the LV endocardium. The endocar-
dium was then examined for LVBs, and findings
were recorded into a predefined protocol (Tables
1e3). The apical region of the LV was defined as
the area apical to the anterior and posterior pap-
illary muscles, the mid-region as the region
involving the anterior and posterior papillary mus-
cles, and the basilar region as the section between
the anterior and posterior papillary muscles and
the mitral and aortic valve orifices (Fig. 2).

All hearts were photographed for doc-
umentation; if findings were equivocal, a decision
was made after a discussion with the pathologist
(S. Rørvig).

The LVBs were subdivided into singular bands
and nets. A singular band was defined as a mac-
roscopically white string-like structure with max-
imum three sites of attachment to the
f the hearts:
face of the heart from the coronary sulcus*, and to the
sterior aspect of the heart. C: Length, distance from the
e heart.



Figure 2 Images illustrating incisions made to open the left ventricle (LV) for left ventricular bands (LVBs) evalu-
ation, showing the delineation of nets and singular bands’ attachment sites. These were categorized into three
subgroups: base (A), middle (B), and apex (C).
The base included the area above the papillary muscles, extending to the aortic orifice and mitral valve. The middle
section encompassed the mid-level region of the papillary muscles. The apex extended from the base of the papillary
muscles to the heart’s tip. White circles in (A) represent the incision starting point (1), middle point (2), and end
point (3) of the LV opening.
The inner red line follows the interventricular septum (IVS), and the inner green line follows the left ventricular free
wall (LVFW).
AO: aorta; APM (A): anterior papillary muscle; LA: left atrium; LV: left ventricle; PPM (P): posterior papillary muscle;
RA: right atrium; RV: right ventricle.
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endocardium at either end (Fig. 3). Nets were
macroscopically defined as a loose white or light
net-like structure, with more than three sites of
attachment to the endocardium at either end
(Fig. 3). The following were documented in rela-
tion to the LVBs, singular bands, and nets: num-
bers, thickness, length, sites of attachments, and
the presence of fibrous tissue at the attachment
site. Fibrosis was defined by a white plaque-like
thickening of the endocardium. The band thick-
nesses were subjectively classified by comparing
findings in all the hearts. The length of the bands
was measured under controlled tension to avoid
rupture. All bands in the hearts were classified
according to three different schemes, A to C
(Tables 1e3), and areas are also illustrated in
Figure 2. In scheme A, the bands were allocated
into subgroups depending on their attachment site,
as displayed in Table 1. In scheme B, as presented
in Table 2, the bands were divided into groups by
attachment site using the system by Kimura et al.
[1], slightly modified by the addition of two more
sites IVS and left ventricular free wall (LVFW) (IVS
to IVS and LVFW to LVFW). In scheme C, the bands
were allocated into subgroups according to the
length of the bands, as shown in Table 3. Eight
hearts were selected for histological evaluation by
the study’s primary investigator (N. Kiessling) and
the pathologist (S. Rørvig). The hearts were selec-
ted to represent all ages, LVB locations, thin and
thicker singular bands, nets covering partly or
entirely the LV, and heart weight (HW) span, and
details are presented in Supplementary Table A.
The intraventricular septum and LVFW were meas-
ured just beneath the mitral valve in all hearts
chosen for microscopic evaluation. Samples were



Table 1 Distribution of 127 singular bands in 78
hearts, grouped according to their attachment site
(scheme A).

In groups 1Ae6A, the attachment sites are less than
90� apart from the site of origin and are more parallel
to the heart. In groups 7Ae12A, the attachment sites
are greater than 90� apart from the site of origin, and
the singular bands cross the intraventricular lumen.
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embedded in paraffin, sliced along the longitudinal
axis of the LVBs in 5-mm sections on a microtome
and stained with hematoxylin-eosin, Masson’s tri-
chrome, and periodic acid-Schiff for subsequent
histological examination by light microscopy (S.
Rørvig). Myocyte size was measured with the cell-
Sensd imaging software, in the myocardium, nets,
singular bands, and insertions sites. The width of
the myocytes in the LVBs and myocardium was
measured across the area of the nucleus and where
cell borders were sufficiently visible.
Statistical analysis

Statistical analyses were performed using com-
mercially available softwaree. Results are reported
as median values with interquartile ranges (IQRs).
The width of the myocytes in myocardium and in
LVBs was compared by the Mann-Whitney U test.
Potential associations between the presence and
numbers of LVBs (nets or singular bands), age, and
HW were investigated using linear or nominal
d cellSens, Olympus Evident TruAI�.
e JMP Pro v16.0, Cary, NC.
logistic regression. Statistical significance was set
at P<0.05.
Results

Of the included 78 cats, 23 were stray
cats euthanized due to humanitarian reasons, six
were euthanized because of car accidents where
the owner could not be found due to lack of
identification, four were euthanized due to
deceased owner, and 45 cats were euthanized for
other reasons (presented in Supplementary Table
A). There were 47 male and 28 female cats, 64
domestic cats, and 14 cats of different pure
breeds. The sex was unknown in three cats.

The median age was 4.5 years (IQR: 11 years)
ranging from 12 weeks to 15 years. The median HW
was 18 g (IQR: 11 g), which corresponds to a
median HW per BW of 4.34 g/kg (IQR: 2.1 g/kg),
4.3 g/kg (IQR: 1.4 g/kg) for females and 4.6 g/kg
(IQR: 2.5 g/kg) for males. The median heart
height, width, and length (sulcus to apex) were
24.9 mm, 29.0 mm, and 30.0 mm (IQR: 5.4,
6.526.0e32.5, and 5.9, respectively). Body
weightenormalized medians of height, width, and
length were 15.6, 18.4, and 18.9 (IQR: 2.6, 2.7,
and 2.6, respectively).

In this study, no cats were diagnosed with
hypertrophic cardiomyopathy. Among the eight
cats examined by histopathology, four had an HW
per BW above the study’s median (Supplementary
Table A). Three of these eight cats were under one
year of age. Younger cats (aged three months to
one year) presented slightly higher HWs (6.8 g/kg)
than older cats (aged >one year, 5.5 g/kg), which
was concluded to explain this finding in these cats.
The fourth cat had a lower HW per BW measure
than the median for cats with hypertrophic car-
diomyopathy [17,19] and showed no histopatho-
logical signs of hypertrophic cardiomyopathy
[20,21]. Images showing the macroscopic and his-
topathological appearance of all eight cats are
presented in Supplementary Figures IeVIII.

Left ventricular bands were found in all hearts.
Eleven percent of the hearts had singular bands
exclusively, 32% had only nets, and 57% had both
singular bands and nets. In 33 of the 78 hearts,
extensive nets covered all three LV regions (base,
middle, and apex). Themost common location of the
nets was the middle section, as shown in Table 2.

In total, 127 singular bands were found: 18 cats
had one, 13 had two, and 10 had three. The
locations for attachment are presented in Table 1,
showing that the most common attachment site for



Table 3 Singular bands grouped by their length in 78 hearts (scheme C).

0e4 mm 4e8 mm 8e12 mm 12e16 mm 16e20 mm

58/126 (4%) 36/126 (28%) 24/126 (19%) 6/126 (5%) 2/126 (2%)

The length of the singular bands was measured while applying maximum tension without causing rupture. One singular band
ruptured before measurement, resulting in 126 bands instead of 127.

Table 2 Distribution of singular bands and nets in 78 hearts where singular bands were grouped according to
attachment site (scheme B) using the system by Kimura et al. [1], with slight modifications by the addition of two
more sites (IVS to IVS and LVFW to LVFW) and nets by their anatomical location.

Group Attachment sites This study Kimura et al.

B1 PPM-IVS 35/127 (28%) 25/25 (100%)
B2 APM-IVS 9/127 (7%) 22/25 (88%)
B3 PPM-LVFW 27/127 (22%) (17/25) 68%
B4 APM-LVFW 8/127 (6%) (16/25) 64%
B5 PPM-APM 1/127 (1%) 9/25 (36%)
B6 IVS-LVFW 5/127 (2%) NA
B7 IVS-IVS 16/127 (13%) NA
B8 LVFW-LVFW 26/127 (21%) NA
Net Basea 50/83 (60%) NA
Net Middlea,b,c 78/83 (93%) NA
Net Apexc 49/83 (59%) NA
Net Macroscopically thick 17/83 (20%) NA
Net Macroscopically thin 64/83 (77%) NA

Note that this study defined singular bands as structures with a maximum of three attachment sites at either end. Structures with
more than three attachment sites were referred to as nets, whereas Kimura et al. [1] did not differentiate between nets and LVBs.
Additionally, the distribution of nets is included for comparison.
APM, anterior papillary muscle; IVS, interventricular septum; LVB, left ventricular band; LVFW, left ventricular free wall; NA, not
applicable; PPM, posterior papillary muscle.
a Net attachment sites include the area below PPM/APM.
b Net attachment sites involve the area including APM and PPM.
c Net attachment sites are apical to the PPM/APM.
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singular bands (38%) was in the mid-region, with-
out crossing the LV including the PPM. One of the
127 singular bands ruptured during measurement,
leaving 126 for length measurement. The singular
band length is presented in Table 3, showing that
most of the singular bands were 0e4 mm in length
(46%), followed by 4e8 mm (28%). No excessive
fibrosis was found in any heart at the attachment
sites of singular bands.

No association was found between age, cause of
death, breed, reproductive status, gender, or fur
color and the presence of LVBs or nets. Fur-
thermore, no association could be found between
extent of LVBs and the HW.

Histological examination of singular bands, as
well as thin and thick nets, showed that they
were covered by endothelium and composed of
delicate peripheral connective tissue containing
collagen fibers and scattered resting fibroblasts.
The central part of the LVBs had longitudinal
bands of one to four myocytes in thickness,
separated by a varying amount of loosely
arranged connective tissue and focally inter-
spersed clusters of endomyocardial adipose tissue
(Fig. 4). The chordae tendineae were composed
of a core of dense collagen with a thin peripheral
layer of spongiosa arising from the mitral valve to
which it was attached, and there was no presence
of myocytes or adipose tissue (Fig. 4). The sec-
tioning along the longitudinal axis of the LVBs
suggested that LVBs-myocyte bands extended
unbroken from one insertion in the endocardium
to another. The morphology of the myocytes in
the LVBs seemed to be more loosely arranged but
was not interpreted to be different from that of
the myocardial cardiomyocytes or that at the
sites of attachment (Figs. 5 and 6). The myocytes
within the LVBs appeared slightly smaller than
those found in the myocardium (Fig. 6). They
exhibited striations representing sarcomeres, and
no signs of Purkinje fibers or fibrin were observed
in either the LVBs or the myocardium at



Figure 3 Macroscopic evaluation of four hearts with the left ventricle opened for left ventricular bands (LVBs) vis-
ualization and classification into subgroups. Heart A is from a 15-year-old female Domestic shorthair (DSH) cat, weighing
32 g (6.7 g/kg body weight [BW]); heart B is from a 5.5-year-old female DSH cat, weighing 15 g (4.8 g/kg BW); heart C is
from a 4-year-old female cat, weighing 18 g (5.8 g/kg BW); and heart D is from a 1-year-old intact male DSH cat,
weighing 27 g (4.3 g/kg BW). Images demonstrate how nets may extend across the entire ventricle, closely resembling
myocardial adhesion while remaining distinct structures. * thin band; ** thin net; *** thick net; **** broad thick net.
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attachment sites (Figs. 5 and 6). Additionally,
intracellular glycogen was not observed to be
increased with special stains, nor were there
increased quantities of mitochondria when com-
pared with cardiomyocytes of the LVBs or
myocardium (Fig. 6A, B). Intercalated discs were
observed between myocytes within the LVBs, as
illustrated in Figure 6D.

A total number of 56 cardiomyocytes from two
hearts and 63 LVB myocytes were measured, and
the median width of cardiomyocytes was sig-
nificantly greater than that of the LVB myocytes
(10.5 vs. 9.6 mm, IQR: 2 mm and 1.3 mm, respec-
tively, P<0.0001).
Discussion

This study is hitherto, to the author’s knowledge,
the most extensive and detailed macroscopical
and microscopical study of LVBs conducted in cats.
This study showed that LVBs (singular bands and
nets) are present in all cats and that they likely
represent normal features of the feline heart.
They are composed of myocytes, collagen, adipose
tissue, and endothelial cells. No pathological
features or alterations of the myocardium at the
attachment sites could be associated with LVBs
(bands or nets), even in the presence of the most
extensive LVBs that occupied large parts of the left



Figure 4 Representative histological sections of left
ventricular bands (LVBs) and chordae tendineae (CT)
stained with Masson’s trichrome from two cats. Section (A)
shows a thick net from a three-year-old female cat, illus-
trating the network extending frommultiple insertion sites
into the ventricular lumen. The muscle layers extend con-
tinuously from one attachment site to another. The net is
composed of muscle fibers (*) and collagen (**), surrounded
by a thin peripheral layer of endothelium (***) and occa-
sional endomyocardial fat (****), maintaining a uniform
cellular composition. Section (B) displays another thick net
from a three-month-old kitten, with a similar cellular
composition to that in (A). Section (C) presents a CTsection
from the same female cat as in (A), included for compar-
ison. The CT lacks myocytes and endomyocardial fat but
contains a higher collagen content (**), along with a thin
peripheral spongiosa layer and endothelium (***) originat-
ing from the mitral valve. * muscle fibers; ** collagen; ***
endothelium; **** endomyocardial fat.
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ventricular lumen. Left ventricular bands were
found in cats of all ages without any apparent
histological difference between old and young
cats. The finding of myocytes in the LVBs is
suggestive that they are not passive structures and
that they might have a role to play in the myo-
cardial function of the feline heart, but this needs
to be shown in further studies.

Previous studies have identified Purkinje cells in
LVBs, using the same staining as this study [1,4,7];
thus, we considered the possibility that the
LVBmyocytes were Purkinje cells. Purkinje cells are
characterized by having a larger cell and nuclear
size than conventional cardiac myocytes [4,7,22].
Purkinje cells have a limited number of sarcomeres
and contain a light, foamy cytoplasm due to a sub-
stantial amount of glycogen, making them strongly
stainable by periodic acid-Schiff [23,24].

This study found no convincing presence of Pur-
kinje fibers in the LVBs, using various staining
methods. The presence of intercalated discs within
LVB myocytes supports the conclusion that these
structures are composed of working myocardial
cells rather than conduction system cells. Purkinje
fibers typically lack prominent intercalated discs
and contain abundant glycogen, distinguishing them
from ordinary cardiac myocytes [15,23]. The iden-
tification of intercalated discs within LVBs suggests
that LVBs do not contain Purkinje cells [28,29]. The
absence of Purkinje fibers suggests that the LVBs
may not serve as a major component of the LV
conduction system [15]. However, given the con-
flicting findings regarding Purkinje fibers in the
LVBs, additional ancillary tests could be considered
to further support their identification. These
include immunohistochemistry [25e27] (e.g. anti-
HSP27, and anti-PGP 9.5), Crossman’s staining, and
transmission electron microscopy [28,29]. On the
other hand, the presence of myocytes indicates the
potential for LVBs to play a role in LV myocardial
function. If the muscle cells in the LVBs affect the
heart’s function, one can only speculate that they
could potentially contribute to the myocardial
contraction and perhaps help to stabilize the LV,
considering the small size of the feline heart.

This study was not primarily aimed at comparing
healthy to diseased hearts but aimed at providing
an overview of LVBs in the general feline population
and to make comparisons between groups based on
the numbers and characteristics of the LVBs. How-
ever, a study by Liu et al. [4] compared LVBs in cats
with and without cardiac disease, without exclud-
ing any heart diseases, and it was suggested that
excessive LVBs could potentially restrict cardiac
growth and LV filling. This study did not find any
association between HW and presence and abun-
dance of LVBs, which is in agreement with the
findings of Kimura et al. [1], where no difference in
the presence of abundance of LVBs was found
between diseased and healthy hearts.



Figure 5 Representative histologic sections stained with Masson’s trichrome, showing the left ventricular bands
(LVBs) insertion site to the myocardium in two cats: (A) from a 12-year-old female cat and (B) from a one-year-old
male cat. The insertion site is highlighted by a circle, and the LVBs are indicated by a bracket. * myocardium; **
connective tissue; *** endothelium; **** endomyocardial fat.
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Despite these findings, it has been speculated in
several articles that LVBs might play a role in some
diseased feline hearts [5,18,19,21,32]. In these
articles, the hearts showed signs of cardiomyopathy
such as cardiomegaly and fibrosis [5,30,31,32].

There are few studies that describe the normal
macroscopic cardiac features in the feline pop-
ulation, and the available ones included small study
groups or diseased cats [22,33,34]. The median HW
was in agreement with other studies [35]. In the
present study, the width, height, and length of the
heart were measured, which, to our knowledge,
have not been reported in the past. These meas-
urements, besides weight, can be useful when
assessing cardiac morphology at postmortem
examination. Thewidth, height, and length are one-
dimensionalmeasurements that optimally should be
normalized to another one-dimensional measure-
ment. However, several one-dimensional measure-
ments, including echocardiographic dimensions,
have been shown to correlate linearly with the BW
raised to the power of approximately 1/3 [17].
Because no exact estimates were available for the
scaling exponent for the cardiac dimensions of the
present study, the measurements were normalized
for body size using the cubic root of the BW, an
approach that has previously been used for nor-
malizing echocardiographic measurements in the
absence of an exact scaling exponent [17].

The most common sites of LVB attachment were
the PPM and septal free wall, followed by the IVS to
IVS and LVFW to LVFW. These findings differ from
those in the study by Kimura et al. [1], although that
study did not include IVS to IVS or LVFW to LVFW as
possible attachment sites. This study, as well as
other studies [1,4], found that the most common
site of attachment was the PPM, as well as the
septal free wall. Interventricular septum to IVS and
LVFW to LVFW were the third and fourth most
common insertion sites, respectively, a finding that
differs from that reported previously by Kimura
et al. [1], although that study did not include IVS to
IVS and LVFW to LVFW as possible attachment sites.

The origin of LVBs in cats and other species is
unknown. Because LVBs were found in kittens, it
can be assumed they are born with them. The
difference in the prevalence of LVBs in cats and
other mammalian species does indicate a differ-
ence in cardiac development [27].

Our study found LVBs in all kittens examined,
suggesting they are congenital and form during
fetal development. However, the youngest kitten
was 12 weeks old, not a newborn, which, to some
extent, leaves the question of when these struc-
tures first appear unanswered.

Variations in the prevalence of LVBs across spe-
cies may reflect differences in cardiac develop-
ment [2,36]. During fetal development, the left
ventricular myocardium is highly trabeculated to
support nutrient and gas exchange before the
coronary vessels form [36e38]. As development
progresses, these trabeculations typically undergo
compaction, resulting in a smooth ventricular sur-
face. While this process is conserved across spe-
cies, the extent and timing can vary [36e38].

In some cases, incomplete compaction leads to
left ventricular non-compaction, a condition
where the myocardium remains spongy and tra-
beculated, extending into the ventricular lumen,
which can impair cardiac function. This condition
has been documented in humans [38e40], dogs
[40], and cats [41,42]. It remains to be determined
whether LVBs represent a form of non-compaction,
remnants of normal development, or a species-
specific trait. Further studies are needed to clar-
ify their origin and significance [38e40].

Left ventricular bands have been studied by
echocardiography. This study reported that most



Figure 6 Representative histological sections comparing the myocytes in the left ventricular myocardium (*) and left
ventricular bands (LVBs) (**), stained with periodic acid-Schiff (PAS). Images (A) and (B) demonstrate a similar appear-
ance of themuscle fibers in themyocardium (*) and the in the LVBs (**). Sections from the left ventricularmyocardium (C)
and LVBs (D), stained with Masson’s trichrome in higher magnification (x60) than in (A) and (B), provide a clearer com-
parison between LVBs and myocardial myocytes. The LVB myocytes were slightly smaller than those in the myocardium
(median diameter: 9.6 mm vs. 10.5 mm). Striations, indicative of sarcomeres, are visible in both section (C) and (D), along
with intercalated discs, which are more prominently visualized in section (D). Notably, no signs of Purkinje fibers or
extensive fibrous tissuewere observed in either the LVBs or themyocardium. *muscle fibers; ** collagen; *** endothelium.
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LVBs were primarily parallel to the wall and were
short in length. This location presumably leads to
problems identifying someof them, compared to the
ones that cross from one free wall to another.
Therefore, when performing echocardiography in
cats, it is important to know that LVBs are present in
all cats and that echocardiography may not be the
optimal method to fully characterize them [13,14].

In a study by Wolf et al. [9], LVBs were studied
by echocardiography in 128 cats, and it was
reported that IVS and LVFW wall thickness could be
increased during the diastolic phase at the
attachment sites, but this type of local thickening
was not apparent in this postmortem study of
feline hearts. In addition to the obvious difference
between in vivo echocardiographic and post-
mortem studies, one important difference is also
that echocardiography allows studies of cardiac
architecture at normal cardiac pressures including
during diastole. Postmortem studies do not accu-
rately reflect in vivo hemodynamics as intra-
cardiac pressures equilibrate to atmospheric levels
after death and the heart ceases active con-
traction [43].
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Limitations

Because all hearts were examined subjectively, by
one person, it can be argued that results could have
been different if one or more examiners also had
examined the hearts. Although several young cats
were included in the present study, it did not include
any newborn kittens. It cannot therefore be con-
cluded if cats are born with LVBs or if they develop
after birth.

Given the challenge of consistently applying
uniform tension to all bands and measuring them
accurately, precise measurements for each band
were difficult to obtain. Instead, length estimates
were offered for each group. However, by provid-
ing a wide range in length for each measurement
group, efforts were made to minimize variability in
measurement techniques.

The study population was limited in that it
included many comparably young stray cats. Pure-
breed cats, older cats, and cats with cardiac dis-
eases were comparably few, and it cannot be
concluded that LVBs are similar in these cats with
respect to numbers and features. To confirm
whether Purkinje fibers are present in feline LVBs,
additional methods should be used.
Conclusions

Most cats have LVBs, of all ages, and their
number was not associated with age, sex, BW or
HW, or the cause of death. They are commonly
found in the mid LV section of the feline heart,
most commonly involving the PPM, and likely
represent normal variation of the feline heart.
Pathological hypertrophy or other alterations of
the myocardium do not appear to be present at
their site of attachment. The myocytes in the
LVBs are slightly smaller than the myocardium,
and Purkinje cells could not be identified. It
cannot be ruled out that LVBs play a role in LV
myocardial function.
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