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Abstract Introduction/objectives: Thin and hypokinetic myocardial segments
(THyMS) represent adverse ventricular (LV) remodeling in human hypertrophic car-
diomyopathy. We describe the echocardiographic features and outcome in cats
with THyMS, and in a subpopulation, the echocardiographic phenotype before LV
wall thinning was detected (pre-THyMS).
Animals: Eighty client-owned cats.
Materials and methods: Retrospective multicenter study. Clinical records were
searched for cats with THyMS, defined as LV segment(s) with end-diastolic wall
thickness (LVWT) <3 mm and hypokinesis in the presence of �one LV segment(s)
with LVWT >4 mm and normal wall motion. When available, echocardiograms
pre-THyMS were assessed. Survival time was defined as time from first presentation
with THyMS to death.
Results: Mean thickest LV wall segment (MaxLVWT) was 6.1 mm (95% CI
5.8e6.4 mm) and thinnest (MinLVWT) was 1.7 mm (95% CI 1.6e1.9 mm). The LV free
wall was affected in 74%, apex in 13% and septum in 5%. Most cats (85%) presented
with heart failure and/or arterial thromboembolism. Median circulating troponin I
concentration was 1.4 ng/mL ([range 0.07e180 ng/mL]). Prior echocardiography re-
sults were available for 13/80 cats, a mean of 2.5 years pre-THyMS. In segments
subsequently undergoing thinning, initial MaxLVWT measured 6.7 mm (95% CI
5.8e7.7 mm) vs. 1.9 mm (95% CI 1.5e2.4 mm) at last echocardiogram
(P<0.0001). Survival data were available for 56/80 cats, median survival time after
diagnosing THyMS was 153 days (95% CI 83e223 days). Cardiac histopathology in one
cat revealed that THyMS was associated with severe transmural scarring.
Conclusions: Cats with THyMS had advanced cardiomyopathy and a poor prognosis.
ª 2023 The Author(s). Published by Elsevier B.V. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Cardiomyopathies are the most common acquired
heart diseases in cats, and hypertrophic cardiomy-
opathy (HCM) is themost prevalent phenotype [1,2].

Hypertrophic cardiomyopathy is phenotypically
heterogeneous in both humans and cats. It is
characterized by a spectrum of morphological
changes with left ventricular (LV) hypertrophy
ranging from mild to severe, and focal to diffuse. It
can affect any LV segment with varying severity of
thickening [3e5].

Adverse cardiac remodeling with marked fibrosis
and progressive LV wall thinning has been described
in 15e20% of HCM cases in people [5e8] and is
considered a serious complication of this disease
[5,8,9]. Regional LV wall thinning is caused by
transmural myocardial fibrosis in the absence of
extramural coronary artery disease [5,9e11]. It
appears to be caused by silent and chronic myo-
cardial ischemia [10e12]. In people, it is not typi-
cally associated with the common symptoms of
myocardial infarcts caused by atherosclerosis of
extramural coronary arteries, such as marked dif-
fuse chest pain, diaphoresis, or nausea [13]. It is,
instead, associated with development or worsening
of congestive heart failure (CHF) [5,9].
Localized LV wall thinning is also occasionally
observed in cardiomyopathic cats and anecdotally
the left ventricular free wall (LVFW) seems to be
most commonly affected. Moreover, regional LV
wall thinning and hypokinesis was associated with
a worse outcome in cats with HCM [14]. A recent
large study has shown that cats with HCM had a
mean survival of 1.3 years after developing CHF
and/or arterial thromboembolism (ATE) [15], but
this most likely reflects the outcome of a general
population in stage C with different HCM severities
and risk factors. There is scarce outcome data in
cats with end-stage/advanced forms of HCM.

The aims of this study were to describe the
clinical and echocardiographic features of cats
with thin and hypokinetic myocardial segments
(THyMS) and their outcome. Additionally, we
aimed to evaluate the initial echocardiographic
phenotype (pre-THyMS echo) in any available
previous echocardiographic studies in cats sub-
sequently identified as having THyMS.

Materials and methods

The clinical records and echocardiographic data-
bases of eight referral centers were searched
between 2013 and 2021 for cats with THyMS,

http://creativecommons.org/licenses/by/4.0/


Abbreviations

2D two-dimensional
ATE arterial thromboembolism
CHF congestive heart failure
CI confidence interval
HCM hypertrophic cardiomyopathy
LA left atrium
LA/Ao left atrium to aorta ratio
LV left ventricular
LVFS% LV fractional shortening
LVFW LV free wall
MaxLVWT

maximal end-diastolic LV wall
thickness

MinLVWTend-diastolic LV wall thickness of LV
thin segment

RPLA right parasternal long-axis view
RPSA right parasternal short-axis view
SAM systolic anterior motion of the mitral

valve
THyMS thin and hypokinetic myocardial

segment
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search terms included ‘end-stage HCM’, ‘infarct’,
‘hypokinesis’, ‘akinesis’, and ‘aneurysm’. Thin and
hypokinetic myocardial segments were defined as
left ventricular (LV) segment(s) with end-diastolic
wall thickness (LVWT) <3 mm and severe hypo-
kinesis in the presence of at least one LV segment
with LVWT >4 mm and normal wall motion. Thin LV
segments were defined as <3 mm, as this is below
the mean predicted LVWT for cats with body
weight between 2.0 and 8.0 kg [16]. Severe hypo-
kinesis was defined as a LV segment with no myo-
cardial systolic thickening, and normal wall motion
was defined as a systolic myocardial thickening
>50% [17,18].

Echocardiographic data

All echocardiographic exams were reviewed and
remeasured by an European College of Veterinary
Internal Medicine and American College of Vet-
erinary Internal Medicine (ECVIM) or ACVIM board-
certified cardiologist and further reviewed by one
observer (JNM) at the time of study entry to
ensure the inclusion criteria were met. Interven-
tricular septum thickness was measured by a
leading edge-to-trailing edge technique and LVFW
by a leading edge-to-leading edge technique from
a two-dimensional (2D) right parasternal long-axis
four- or five-chamber view (RPLA) and a short-axis
view at the papillary muscle level (RPSA), as the
averages of the thickest and thinnest end-
diastolic segments on three different cardiac
cycles in each view (RPLA and RPSA) [19]. End-
diastolic frames were defined as the first frame
after mitral valve closure in RPLA and as the time
point in the cardiac cycle of greatest LV internal
diameter in RPSA [1]. The maximal averaged end-
diastolic wall thickness from either the interven-
tricular septum or LVFW on these two views was
recorded and used for data analysis as MaxLVWT.
The averaged LV wall thickness of ThyMS was
recorded and defined as MinLVWT. The location of
THyMS was defined as septal, free wall or apical
based on the affected LV segment in RPLA and
RPSA views. The extension of THyMS in the septal
and free wall segments was assessed in RPLA and
defined as diffuse when >50% of the segment was
affected or focal when <50% of the segment
showed thinning. Systolic excursion of THyMS and
myocardial segments with LVWT >4 mm was
measured by guiding the M-mode cursor across
the respective LV segment and measure its dis-
placement between end-diastole and end-systole
using electronic calipers (Fig. 1). In cats with
echocardiographic exams available before THyMS
was detected (pre-THyMS echo), we attempted to
measure the exact LV segment that subsequently
developed wall thinning (THyMS). Cardiac cham-
bers were measured in 2D by a trailing-to-leading
edge technique. Left ventricular internal diame-
ter in diastole was measured in 2D from a RPLA
and RPSA view at the level of the chordae ten-
dineae, in an end-diastolic frame, in three dif-
ferent cardiac cycles in each view. The averaged
LV internal diameter in diastole on each of these
two views was recorded, and the highest value
was used for data analysis. Left atrial linear
dimensions were measured as left atrium (LA) to
aorta ratio (LA/Ao) and left atrial diameter. The
LA/Ao was measured as the ratio of the LA to
aorta measured in 2D from a short-axis view at
the heart base, in the frame after aortic valve
closure [20]. The left atrial diameter was meas-
ured as the cranialecaudal left atrial dimension
from a RPLA four-chamber view, in the frame
before mitral valve opening [21]. Left atrial and
LV fractional shortening (LVFS%) were measured
by M-mode from a right parasternal short-axis
RPSA at the heart base and RPSA at the papil-
lary muscle level, respectively [20]. Mitral inflow
was assessed by pulsed-wave Doppler at the tip of
the mitral valve leaflets in a left apical four-
chamber view. Mitral annular plane systolic
excursion was measured by M-mode at the septal
and lateral mitral annulus from a left apical four-
chamber view, as previously described [22].



Figure 1 (A) Systolic excursion in thin and hypokinetic myocardial segments (THyMS) and left ventricular segments
with a wall thickness >4 mm (LVW > 4 mm). Systolic excursion in THyMS was reduced in comparison with non-thin
segments (1.3 mm [0.5e2.9 mm] vs. 3.9 mm [2.1e7.3 mm], P<0.0001). (B) Left ventricular M-mode across the left
ventricular free wall in a cat with THyMS.
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The presence of systolic anterior motion of the
mitral valve (SAM) was assessed in a RPLA five-
chamber view and defined as systolic anterior
motion of the tip of the anterior mitral valve
leaflet toward the septum, associated with tur-
bulent flow in the LV outflow tract documented on
color flow Doppler. The presence of spontaneous
echocardiographic contrast and/or thrombus in
the LA was also recorded.

An HCM phenotype was defined as diffuse or
regional LVWT �6 mm, and the term ‘cardiomy-
opathy of non-specific phenotype’ was used when
LVWT was <6 mm [19].

Clinical data

Additional data collected from the medical records
included body weight, age, sex, breed, heart rate,
presence of a murmur, gallop or arrhythmia, systolic
blood pressure, presenting clinical signs, circulating
cardiac troponin I concentrations, and presence of
concurrent systemic diseases. No attempt was made
to quantify arrhythmia frequency or malignancy, as
only brief ECG descriptions were available. Car-
diomyopathy stage [19] and treatment administered
were recorded. Cats presented with CHF and/or ATE
were classified as stage C,while cats without clinical
signs were classified as stage B [19]. The latter was
subdivided into stage B1 when the LA/Ao �1.6, and
stage B2 when LA/Ao >1.6.

Survival (cardiac mortality) data

Medical records were reviewed for information on
cause and date of death. Cardiac death was
defined as sudden death or euthanasia for CHF or
ATE. Sudden death was defined as an unexpected
death without any clinical signs in the preceding
24 h [23]. Survival time (cardiac mortality) was
determined for cats with THyMS as the time from
first presentation with THyMS to cardiac death or
to last date known to be alive.

Microfocus computed tomography was per-
formed in one cat, as previously described [24].

Statistical analysis

Descriptive statistics were generated for all study
variables. Data were tested for normality graphi-
cally and by ShapiroeWilk test. Normally dis-
tributed data are reported as mean (95%
confidence interval, 95% CI) and non-normally
distributed data as median [range]. Categorical
data are presented as frequency and percentage.
In cases where data were missing, the number of
cats available for analysis is reported. Within-
group comparisons (pre-THyMS vs. THyMS) were
analyzed with a paired Student’s t test for con-
tinuous variables and McNemar’s test for catego-
rical variables. KaplaneMeier method was used to
calculate median survival time and 95% confidence
interval. Survival time (cardiac mortality) was
defined as time from first presentation with THyMS
to cardiac death in days. Cats with non-cardiac
deaths (with survival included up to the point of
death), cats still alive at the end of study, and cats
with more than one visit but still alive at the last
visit were right-censored. A KaplaneMeier curve
was also generated for the subpopulation of cats
with an echocardiogram pre-THyMS depicting the
time from baseline echocardiogram (pre-THyMS) to
event (THyMS).



Table 1 Clinical characteristics at presentation in
cats with a thin and hypokinetic myocardial segment
(THyMS) (n ¼ 80 unless otherwise stated).

Body weight (kg) (n ¼ 71) 4.8 (4.5e5.0)
SBP (mmHg) (n ¼ 47) 122 (115e129)
Breed

Nonpedigree cats 61/80 cats (76%)
Sphynx 7/80 cats (9%)
Maine Coon 3/80 cats (4%)
Other 9/80 cats (11%)

cTnI (ng/mL) (n ¼ 40) 1.4 [0.07e180]
Arrhythmia (n ¼ 76) 54/76 cats (71%)

VPCs (isolated) 41/54 cats (76%)
Nonsustained
ventricular
tachycardia

5/54 cats (9%)

Atrial fibrillation 5/54 cats (9%)
APCs 2/54 cats (4%)
SVT 1/54 cats (2%)

Gallop (n ¼ 73) 33/73 cats (45%)
Murmur (n ¼ 74) 18/74 cats (24%)
Clinical signs

Asymptomatic 12/80 cats (15%)
CHF 59/80 cats (74%)
Pulmonary edema 23/59 cats (39%)
Pleural effusion 19/59 cats (32%)
Both 19/59 cats (32%)

ATE 3/80 cats (4%)
CHF þ ATE 6/80 cats (8%)

Comorbidities Hyperthyroidism (5 cats)
Asthma (2 cats)
Other (5 cats)

Continuous variables are reported as mean (95% confidence
interval), and categorical variables are reported as fre-
quency and percentage. Other breeds: 1 cat of each breed:
Bengal, British shorthair, Burmese, Persian, Ocicat, Ori-
ental, Russian Blue; Other comorbidities: chronic kidney
disease (2 cats), cholangiohepatitis (1 cat), acute kidney
injury (1 cat), alimentary lymphoma (1 cat).
APCs: atrial premature complexes; ATE: arterial throm-
boembolism; CHF: congestive heart failure; cTnI: cardiac
troponin I; n ¼ number of cats with available data; SBP:
systolic blood pressure; SVT: supraventricular tachycardia;
VPCs: ventricular premature complexes.
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P values<0.05 were considered statistically
significant. Statistical analysis was performed
using commercially available softwarel,m

Results

Eighty cats with THyMS were identified in eight
referral centers, 13 cats of which had echo-
cardiograms available prior to development of a
thin and hypokinetic myocardial segment (pre-
THyMS). Mean age at the time of diagnosis of
THyMS was 9.9 years (95% CI 9.3e10.6 years), and
the majority were male (63/80 cats, 79%). Most
cats were non-pedigree (61/80 cats, 76%), and
Sphynx cats were the most common pedigree
breed (7/80 cats, 9%). Arrhythmias (54/76 cats,
71%) and gallop sounds (33/73, 45%) were com-
mon. Most cats were in stage C: 59/80 (74%) had
CHF, 3/80 (4%) had ATE, and 6/80 (8%) had CHF and
ATE, while 12/80 (15%) cats were in stage B at the
time of THyMS diagnosis. One cat was in stage B1,
and 11/12 cats in stage B2 (mean LA/Ao 2.2 (95% CI
2.0e2.4)). Table 1 summarizes the clinical char-
acteristics of the study population.

Echocardiographic data

Mean THyMS wall thickness (MinLVWT) was 1.7 mm
(95% CI 1.6e1.9 mm), while the mean thickest LV
myocardial segment (MaxLVWT) at end-diastole
was 6.1 mm (95% CI 5.8e6.4 mm). Eighteen cats
had a MaxLVWT under 5 mm (mean 4.3 mm, 95% CI
4.0e4.6 mm). The LV free wall was the location
most commonly affected by wall thinning (59/80
cats, 74%), followed by the LV apex. The septum
was the less commonly affected segment (4/80
cats, 5%) (Table 2, Figs. 2 and 3, Videos 1e3).
Myocardial wall thinning affected the whole LV
segment (diffuse thinning from the mitral annulus
to LV apex) in 47/59 (80%) cats with THyMS at the
LV free wall and in 1/4 cat with septal THyMS. All
THyMS had reduced systolic excursion in compar-
ison with the non-thin LV segments (Fig. 1, Videos
1e3). Systolic excursion was not determined in
THyMS at the LV apex, as an adequate alignment
between the apical segment and M-Mode cursor
was not possible. Similarly, it was not possible to
measure THyMS wall thickness (MinLVWT) in five
cats with THyMS affecting the LV apex (apical
aneurysm), as the apical wall was extremely thin.
Left ventricular fractional shortening was reduced
l SPSS 25e26, 2018e2019.
m GraphPad Prism 9.3.1, 2021.
(median LVFS% 20.1% [range 5.2%e43%]) and SAM
was uncommon (6/80 cats, 8%). Most cats had
severe LA enlargement with reduced LA fractional
shortening. A thrombus and/or spontaneous
echocardiographic contrast in the LA was identi-
fied in 46/80 (58%) cats. Forty-two (42/80, 53%)
cats had an HCM phenotype (mean MaxLVWT
7.1 mm (95% CI 6.9e7.30 mm)), and 38/80 cats had
a cardiomyopathy of non-specific phenotype
(mean MaxLVWT 5.0 mm (95% CI 4.7e5.2 mm) and
mean LVFS% 22% (95% CI 19%e24%, range 11e41%).
Table 2 summarizes the echocardiographic findings
of the whole study population



Table 2 Echocardiographic variables in cats with a
thin and hypokinetic myocardial segment (THyMS)
(n ¼ 80 unless otherwise stated).

Max LVWTd (mm) 6.1 (5.8e6.4)
Max LVWTd � 6 mm (42/80
cats)

7.1 (6.9e7.3)

LVIDd (mm) (n ¼ 78) 21.1 (20.4e21.9)
THyMS thickness (mm)
(n ¼ 75)

1.7 (1.6e1.9)

THyMS
LVFW 59/80 (74%)
Apical 10/80 (13%)
LVFW þ apical 7/80 (9%)
IVS 4/80 (5%)

LVFS% (n ¼ 74) 20.1 [5.2e43]
LA/Ao (n ¼ 77) 2.4 [1.3e4.5]
LAD (mm) (n ¼ 78) 22 [15.2e34]
LAFS% (n ¼ 75) 7.0 [1.0e26]
MAPSE_IVS (mm) (n ¼ 38) 2.3 [1.2e6.9]
MAPSE_LVFW (mm) (n ¼ 31) 2.4 (2.0e2.8)
Systolic_Excursion_THyMS
(mm) (n ¼ 62)

1.3 [0.5e2.9]

Systolic_Excursion_nonTHyMS
(mm) (n ¼ 62)

3.9 [2.1e7.3]

SAM 6/80 cats (8%)
SEC 38/80 cats (48%)
LAA thrombus 8/80 cats (10%)
Pericardial effusion 28/80 cats (35%)
Mitral regurgitation 48/77 cats (62%)
MV E/A (n ¼ 29) 3.1 (2.6e3.6)

Continuous variables are reported as mean (95% confidence
interval) or median [range], and categorical variables are
reported as frequency and percentage.
IVS: interventricular septum; LAA: left atrial appendage;
LAD: left atrial diameter; LVFW: left ventricular free wall;
LAFS%: left atrial fractional shortening; LVFS%: left ven-
tricular fractional shortening; LVIDd: left ventricular inter-
nal diameter at end-diastole; MAPSE: mitral annular plane
systolic excursion; Max LVWTd: maximal end-diastolic left
ventricular wall thickness; MV E/A: mitral valve inflow ratio;
n ¼ number of cats with available data; THyMS: thin and
hypokinetic myocardial segment; SAM: systolic anterior
motion of the mitral valve; SEC: spontaneous echocardio-
graphic contrast.
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Thirteen cats had an echocardiogram per-
formed a mean of 2.5 years (95% CI 1.3e3.7 years)
before THyMS was detected (pre-THyMS) (Fig. 4,
Video 4). Eleven (11/13) cats had HCM (mean
MaxLVWT 7.5 mm (95% CI 6.7e8.3 mm)) on the
first scan. Mean LVWT in the myocardial segments
developing wall thinning was 6.7 mm (95% CI
5.8e7.7 mm) pre-THyMS and decreased to 1.9 mm
(95% CI 1.5e2.4 mm) (P<0.0001) (Figs. 5 and 6). In
this subgroup, 9/13 cats had myocardial wall
thinning affecting the whole LVFW (diffuse thin-
ning from the mitral annulus to LV apex), 2/13
cats had focal LVFW thinning, and 2/13 cats had
THyMS at the LV apex. All cats had other LV
segments that did not undergo wall thinning and
wall thickness remained stable over time. Left
ventricular (P¼0.014) and LA fractional short-
ening decreased (P¼0.015) and LA size increased
(LA/Ao, P¼0.042; LA diameter, P¼0.013) with the
development of LV wall thinning (Fig. 5). Seven of
nine cats with SAM at initial presentation did not
have SAM (P¼0.016) at the time THyMS was diag-
nosed. Table 3 summarizes the characteristics on
the subpopulation of cats with examinations pre-
THyMS.

One cat with THyMS affecting the LVFW was
euthanized due to refractory CHF and their owner
consented to a post-mortem microfocus computed
tomography and routine pathology examination.
On microfocus computed tomography, there was
severe LVFW thinning associated with transmural
replacement fibrosis (Fig. 7, Video 5). The latter
was identified as large hypodense areas, as pre-
viously described [24]. There were no morpho-
logical abnormalities in the extramural coronary
arteries associated with THyMS, and there was no
evidence of thromboembolic events obstructing a
main coronary artery. On histopathology, there
was severe transmural scarring with replacement
fibrosis of the LVFW with some areas predom-
inantly composed of fibrofatty tissue with small
amounts of remaining myocardium (Fig. 7). There
was myofiber disarray and myocyte hypertrophy
within the LVFW and septum. The intramural cor-
onary arterioles walls were thickened (arterio-
sclerosis/small vessel disease). There were no
signs of myocardial inflammation. Histological
findings were suggestive of HCM with transmural
LVFW scarring.

Treatment data

Sixty-five cats were in stage C (CHF), 54/65 (83%)
cats received furosemide, and 12/65 (18%) cats
received torasemide. Sixty-one cats (61/80, 76%)
were receiving pimobendan and 65/80 (81%) cats
were treated with clopidogrel. These were started
at the initial presentation with THyMS. Other drugs
included in the treatment regime of the study
population included sotalol, amiodarone, diltia-
zem, thiazides, aspirin, spironolactone, and
rivaroxaban.

Survival (cardiac mortality) data

Survival data were available for 56 cats (24 cats
had only an initial visit recorded and no outcome
data available). Forty cats experienced a cardiac
death: 5/40 (12.5%) had sudden death, while 35/40
(87.5%) cats were euthanized due to CHF or ATE.



Figure 2 Representative right parasternal long-axis views of cats enrolled in the study. (AeP) Sixteen cats with a
thin and hypokinetic myocardial segment (THyMS) affecting the left ventricular free wall. (QeS) Three cats with
THyMS affecting the left ventricular apex.

Figure 3 Thin and hypokinetic left ventricular segment affecting the left ventricular free wall (LVFW), apex
(APICAL), and interventricular septum (IVS) in three different cats.
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Three cats died of non-cardiac reasons. Median
survival time (cardiac death) from first pre-
sentation with THyMS was 153 days (95% CI 83e223
days).

Discussion

We describe in this case series the clinical char-
acteristics and echocardiographic features of cats
with cardiomyopathy presenting with THyMS. Our
findings show that THyMS most frequently affected
the LVFW. Thin and hypokinetic myocardial seg-
ments were observed in cases of advanced car-
diomyopathy with severe clinical signs and poor
outcome. A subcohort of our population (13/80
cats) had echocardiograms performed pre-THyMS,
and in the majority, an HCM phenotype preceded
LV wall thinning (Fig. 6, Video 4). Microfocus



Figure 4 (A) KaplaneMeier curve showing survival time (cardiac mortality) in cats after a thin and hypokinetic
myocardial segment (THyMS) was diagnosed on echocardiography. Median survival in cats with advanced cardiomy-
opathy and THyMS was 153 days. (B) KaplaneMeier curve showing percentage of cats developing THyMS over time in a
subset of 13 cats that had an echocardiography pre-THyMS.

Figure 5 Left ventricular wall thickness (LVWT), left atrial size (LA/Ao), left atrial fractional shortening (LAFS%),
and left ventricular fractional shortening (LVFS%) in 13 cats before (pre-THyMS) and after (THyMS) developing a thin
and hypokinetic myocardial segment.
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computed tomography and post-mortem exami-
nation in one cat showed that THyMS was asso-
ciated with severe transmural scarring, suggesting
a prior severe myocardial insult (such as ischemic
damage).

In humans, diffuse or focal transmural LV
myocardial scarring is sometimes seen in HCM
patients [10,11]. This represents adverse cardiac
remodeling caused by silent, chronic myocardial
ischemia which results in myocardial replacement
fibrosis, LV wall thinning, and systolic dysfunction
[10e12,25]. Such adverse remodeling charac-
terized by LV systolic dysfunction, severe LA
enlargement, atrial fibrillation, reduction, or loss
of SAM and LV wall thinning may occur in up to
15e20% of human patients with HCM [6e8]. The
mechanism behind regional transmural LV scarring
in people with HCM is not clear, as this typically
occurs in the absence of extramural coronary
artery disease [9,10]. Several mechanisms have
been suggested, such as thromboembolism of a
coronary artery, coronary spasm, oxygen supply/
demand mismatch in thick myocardial LV seg-
ments, small vessel coronary artery disease
(arteriolosclerosis), myocardial fibrosis caused by
apoptosis, and neurohormonal changes
[5,10,26e29]. Progressive and silent micro-
vascular ischemia with subsequent replacement
fibrosis might be the most likely mechanism of LV
wall thinning in HCM [29] and could be caused by a



Figure 6 Right parasternal long-axis view in the same cat 1.5 years apart showing left ventricular free wall thinning
over time.
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combination of several factors, including
increased oxygen demand associated with LV
hypertrophy, microvascular dysfunction asso-
ciated with small vessel disease, and LV outflow
tract obstruction [8,12,29]. A chronic, slow, and
silent process is corroborated by the typical
absence of acute clinical signs of infarction in
HCM cases with LV wall thinning and adverse
remodeling, and instead, signs of advanced CHF
[9,29e31].

The cases here described had advanced car-
diomyopathy characterized by severe left atrial
enlargement, LV systolic and diastolic dysfunction,
Table 3 Clinical and echocardiographic variables in cat
hypokinetic myocardial segment (THyMS) (n ¼ 13 unless ot

pre-THyMS

Age (yrs) 6.6 (4.5e8.7)
Heart murmur 9/13
VPCs 2/13
Clinical signs

Asymptomatic 11/13
CHF 2/13

Echocardiography
Time between scans (yrs) 2.5 (1.3e3.7)
Max LVWTd (mm) 7.5 (6.7e8.3)
THyMS thickness (mm) 6.7 (5.8e7.7)
THyMS

LVFW NA
Apical NA

LVIDd (mm) (n ¼ 9) 17.9 (14.7e21.1)
LVFS% (n ¼ 9) 45 (36e55)
LA/Ao (n ¼ 12) 1.7 (1.5e1.9)
LAD (n ¼ 10) 19.1 (16.7e21.4)
LAFS% (n ¼ 10) 22 (13e31)
SAM 9/13 (69%)

Continuous variables are reported as mean (95% confidence inter
percentage.
NA: not applicable; n ¼ number of cats with available data; Yrs:
VPCs: ventricular premature complexes; CHF: congestive heart
THyMS: Thin and hypokinetic myocardial segments; LVFW: left ven
end-diastole; LVFS%: left ventricular fractional shortening; LAD: le
LV dilation, frequent ventricular arrhythmias,
marked increase in cardiac troponin I, and a
majority presenting with clinical signs of CHF and/
or ATE. Considering that 53% (42/80) of cats with
THyMS had HCM, 85% (11/13) of cats had HCM 2.5
years before developing THyMS, and one repre-
sentative cat had histological hallmarks of HCM,
namely myocardial disarray, myocyte hypertrophy,
arteriolosclerosis, and fibrosis, the cases we report
here could represent an advanced form of HCM
where adverse remodeling with THyMS has occur-
red. Although 46% of cats had a non-specific car-
diomyopathy phenotype and might have had
s before (pre-THyMS) and after developing a thin and
herwise stated).

THyMS P value

9.1 (7.6e10.6)
5/13 0.219
6/13 0.125

6/13 0.063
7/13 0.063

6.9 (6.2e7.7) 0.104
1.9 (1.5e2.4) <0.0001

11/13
2/13

20.9 (18.1e23.6) 0.179
26 (18e35) 0.014

2.1 (1.8e2.4) 0.042
22.3 (19.8e24.8) 0.013
12.8 (8.8e16.7) 0.015

2/13 (15%) 0.016

val), and categorical variables are reported as frequency and

years.
failure; LVWTd: end-diastolic left ventricular wall thickness;
tricular free wall; LVIDd: left ventricular internal diameter at
ft atrial diameter; LAFS%: left atrial fractional shortening.



Figure 7 Left ventricular longitudinal views of a cat with a thin and hypokinetic myocardial segment affecting the
left ventricular free wall. Echocardiography (ECHO), microfocus computed tomography (MCT), and histology (HISTO)
showed that the thin and hypokinetic segment was caused by severe transmural myocardial fibrosis.
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another type of cardiomyopathy, it is also possible
that these cats had an HCM phenotype in the past.
In humans, severe LV hypertrophy has an increased
risk for adverse remodeling characterized by wall
thinning [26,32]. In our study, most cats where an
echocardiogram was available before LV wall
thinning displayed marked LV hypertrophy prior to
wall thinning [25,32].

There are scarce data on end-stage HCM in cats
[33,34]. This has been characterized by LV dila-
tion, LV systolic dysfunction, and wall thinning
over time, associated with extensive myocardial
fibrosis [33,34]. In the present study, we described
a cardiac phenotype characterized by isolated LV
segments/regions with severe LV wall thinning,
which differs from the diffuse LV involvement in
previous reports of end-stage HCM.

In our population, THyMS most frequently
affected the LVFW. Similarly, wall thinning asso-
ciated with severe fibrosis was more frequently
observed in the LVFW than the interventricular
septum in a family of cats with end-stage HCM



Video 1 Right parasternal long- and short-axis
views of a cat with a thin and hypokinetic

left ventricular free wall.
Video 2 Right parasternal long-axis and left apical

views of a cat with a thin and hypokinetic
left ventricular apex (apical aneurysm).

Video 3 Right parasternal long-axis view of a cat
with a thin and hypokinetic
interventricular septum.

Video 4 Right parasternal long- and short-axis
views in the same cat six years apart. Left
ventricular free wall was thick in the first
scan (left-hand side views, pre-THyMS)
and marked wall thinning was observed

six years later.
Video 5 Microfocus computed tomography of cat

with hypertrophic cardiomyopathy and a
thin and hypokinetic left ventricular free

wall.
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[34]. It is presently unclear why the LVFW in cats
seems more prone to fibrosis in cats with HCM. An
apical aneurysm can develop in HCM patients with
mid-ventricular obstruction [10,27]. In our cohort,
two cats had an echocardiogram before developing
an apical THyMS without obvious midventricular
obstruction. A larger population would be required
to explore this association further.

Basedon thepresent data,THyMSwas observed in
cases of severe cardiomyopathy with a poor out-
come. Similarly, a previous study has shown that
regional wall hypokinesis, defined as a LV wall seg-
ment thinner than the other LV segments and with
minimal systolic excursion, was associated with a
high hazard of cardiac death in cats with HCM [14].

Our study has some limitations. The definition of
normal and thin LV wall segments was arbitrary.
Thin LV segments were defined as a regional LVWT
at end-diastole <3 mm, which is below the mean
predicted LVWT for cats weighing between 2.0 and
8.0 kg [16]. Moreover, thin segments had to show
severe hypokinesis. Thus, it is unlikely for the
described THyMS to represent normal myocardial
segments. We only had post-mortem examinations
in one cat, and thus, the etiology of THyMS
remains unclear. We suspect THyMS to represent
transmural myocardial scarring, where progressive
myocardial ischemia associated with thick LV seg-
ments and small vessel disease resulted in trans-
mural fibrosis, as suggested in people [5,9e12,25].
Most LV segments undergoing thinning were thick
pre-THyMS, and thus, transmural replacement
fibrosis by the mechanisms cited above seem
plausible but cannot be proved in our study.

In the cats with pre-THyMS echo, we tried to
match the echo views (pre-THyMS vs. THyMS echo)
and measure the exact LV segment that developed
thinning. But despite our best efforts, we might
not have been able to measure the exact same
region in each LV segment in the 4/13 cats with
LVFW focal THyMS and apical THyMS.

We used LV%FS as a measurement of systolic
function. But this is likely an inaccurate measure
of global systolic function in markedly remodeled
LVs. Thus, we cannot fully assess the degree of
global systolic dysfunction in cats with advanced
cardiomyopathy and THyMS.

Conclusions

In the present study, THyMS was observed in cats
with an advanced cardiomyopathy phenotype with
severe clinical signs and a poor prognosis. Left
ventricular segments undergoing thinning were
thick at initial evaluation. The cardiac phenotype
here described might represent a form of adverse
remodeling as described in human HCM.
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