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ABSTRACT

Using the simultaneous readings of the left ventricular remodeling model and the left ventricular weight
to body weight ratio, the Gaasch and Zile classification was able to distinguish almost completely
(95%) the dogs without pulmonary edema from those with pulmonary edema in cases of MMVD
(myxomatous mitral valve disease) with an established limit for the left ventricular mass of 7.478 g/kg
between the two groups. In one of the twenty animals surveyed, the classification failed. We assume
that this is related to the exacerbation of the disease and the change of its chronic course due to an

additional cause.
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INTRODUCTION

Myxomatous mitral valve disease (MMVD) is
characterized by myxomatous degeneration of
the valvular leaflets. Its progression leads to
the thickening and deformation of the leaflets,
which disrupts their coaptation. The systolic
regurgitation of blood in the left atrium is the
main cause of increased volume overload of
the left half of the heart and the development
of left-sided heart failure in this disease.
Although is it proven that LVH (left
ventricular hypertrophy) is an independent risk
factor for unwanted cardiovascular events,
regardless of their etiology (1-3) in the
accessible literature, we have not identified
serious attempts to classify patients with
MMVD. We assume that this is related to the
suboptimal  categorization of  eccentric
geometry, which is an important limitation of
the previous remodeling models (4). To
overcome these constraints, Gaasch and Zile
classification of heart remodeling (5) has been
used and has been found to be very appropriate
for classifying patients with severe aortic
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stenosis (6). According to the authors, this
classification can be wused to assess
cardiovascular risk, which improves individual
therapeutic management. This gives us a
reason to examine how the new classification
will manage as far as the most common heart
disease in the dog — MMVD, is concerned.

The purpose of this study is to attempt to use
the Gaasch and Zile classification to determine
the progression of MMVD in dogs.

MATERIALS AND METHODS

Twenty dogs with MMVD based on X-ray
examination were divided according to the
absence or presence of pulmonary edema.
Chest radiographs were performed with direct
digital X-ray (Sedecal - DR X-ray system) in
the LLR (left lateral) and VD (ventrodorsal)
projections. Of all the dogs that participated in
the study, two groups were formed:

— the group without edema included 9 (6 male
and 3 female) dogs aged between 7 and 18
years, weighing between 3.1 and 12.5 kg.
Breed composition - Shi Tzu - 1, Bishon Frize
- 1, Pincher - 1, Maltese - 1, Dachshund - 2,
Poodle - 1, Yorkshire terrier - 1 and mix breed
-1
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— the group with edema was formed by 11
dogs (8 male and 3 female) aged between 8
and 15 years, weighing between 4.5 to 10 kg.
Breed composition - Dachshund - 1, Shi Tzu -
1, Cavalier King Charles - 1, Pekingese - 2 and
Mix breed — 6.

The echocardiographic examination was
performed with a My Lab 70 vet XV apparatus
(Doppler apparatus manufactured by the Italian
company Esaote). The animals were examined
with specialized cardiological phasometric
transducers PA023E (frequency 4-11MHz) and
PA122E (frequency 3-7 MHz), suitable for
cardiac patients from the small dog breeds, in
the right parasternal position.

The Gaasch and Zile's classification was
modified in order to make the single use of M-
mode echocardiography possible. For this
purpose, when assessing the left ventricular
enlargement, we replaced the left-ventricular
volume with the weight-based aortic root
dimension normalized end diastolic left
ventricular inner diameter (LVID/Aow). As
normal limits for LVID/Aow in dogs we used
the limits 1.305-1.861 (7). Thus, we avoided
the overestimation of the small differences in
primary echocardiographic dimensions in the
geometric method for calculating volumes
calculated on the basis of M-mode
echocardiography (8, 9).

The LV mass was determined using the formula:
LVM = 0.8 x 1.04 x [(IVS + LVID + PWT) * -
LVID?] + 0.6 g. (1, 10). We then indexed the left
ventricular mass in grams to body weight in
kilograms (g/kg). After we have complied with
the results of authors who have studied the left
ventricular hypertrophy and after comparing our
results with the volume overload model defined
by the classification, we assumed the range 4.7 -
5.1 (g9/kg) as normal values (2). The relative wall
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thickness (RWT) was calculated to estimate the
degree of concentric hypertrophy: RWT =
LVPWT/((LVPWT + LVID)/2). For normal
parameters, we used the values between (0.38-
0.48) after we have complied with the values
established by authors who have previously
worked with RWT (10). The classification model
imposed a slight increase in the range in order to
make the classification of the patients in the
study possible.

RESULTS

While studying the individual parameters
determining the classification of dogs without
pulmonary edema (Table 1), we established the
following guidelines: LVID/Aow from 1.455 to
2.336; LVM from 4.719 g/kg to 10.706 g/kg;
RWT from 0.332 to 0.54. According to our
results in this group, the physiological
hypertrophy found in 4 (44.5%) of dogs was the
most common model of heart remodeling in
which these indicators moved within the
corresponding range: LVID/Aow from 2.025 to
2.336; LVM from 9.521 g/kg to 10.706 g/kg;
RWT from 0.384 to 0.457. In 4 of the dogs
(44.4%) without pulmonary edema, we found
remodeling other than physiological hypertrophy,
of which 2 dogs (22.2%) had eccentric
hypertrophy with values of the classification
parameters as follows: LVID/Aow - 2.251 and
2.293; LVM - 7.478 g/kg and 8.74 g/kg; RWT -
0.332 and 0.337. For 1 dog (11.1%) according to
the values: LVID/Aow - 1.779; LVM - 857 g/
kg; RWT - 0.54, we have identified Concentric
Hypertrophy. For 1 dog (11.1%) we found
Concentric Remodeling with values of the
classification parameters: LVID/Aow - 1.455;
LVM - 4.719 g/kg; RWT - 0.496. For 1 dog
(11.1%) we found a lack of wventricular
remodeling - Normal Ventricle, with values of
the parameters determining the classification:
LVID/Aow - 1.751; LVM - 5.072 g/kg; RWT -
0.397.

Table 1. Left ventricular remodeling, individual values of the dogs with MMVD without pulmonary

edema

Dog Ne Indicator

(sex) Weight |LVID/Aow |LVM (g/kg) RWT Classification

1(F) 8,7 kg 2.025(H) 9.521 g/kg (H) 0.457(N) Physiologic Hypertrophy
2 (M) 12,5 kg 1.751(N) 5.072 g/kg (N) 0.397(N) Normal Ventricle

IimM 7,7 kg 2.293(H) 8.74g/kg (H) 0.337(L) Eccentric Hypertrophy
4 (M) 4,3 kg 1.779(N) 8.57g/kg (H) 0.54 (H) Concentric Hypertrophy
5(F) 5,8 kg 2.164(H) 10.479 g/kg(H) 0.399(N) Physiologic Hypertrophy
6 (M) 11,0 kg 2.336(H) 10.261 g/kg(H) 0.384(N) Physiologic Hypertrophy
7 M) 5,4 kg 1.455(N) 4.719 g/kg (N) 0.496(H) Concentric Remodeling
8 (M) 3,1 kg 2.036(H) 10.706 g/kg(H) 0.432(N) Physiologic Hypertrophy
9 (F) 4,3 kg 2.251(H) 7.478 g/kg (H) 0.332(L) Eccentric Hypertrophy

M — male; F —female; L — low; N —normal(3.8-4.7); H — high
LVID/Aow - weight-based aortic root dimension normalized end diastolic left ventricular inner diameter; LVM -
left ventricular mass; RWT - relative wall thickness; Gaasch and Zile classification, 2011.
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While studying the individual parameters
determining the classification of dogs with
pulmonary edema (Table 2), we established
the following guidelines: LVID/Aow from
1.506 to 3.005; LVM from 8.874 g/kg to
13.333 g/kg; RWT from 0.252 to 0.629.
According to our results in this group, the
Excentric Hypertrophy found in 9 of the dogs
(81.8%) is the most common model of cardiac
remodeling in which these indicators varied
within the respective limits: LVID/Aow from
2.422 to 3.005; LVM from 9,149 g/kg to
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13.333 g/kg; RWT from 0.252 to 0.377. In 2 of
the dogs (18.2%) with pulmonary edema, we
found remodeling other than eccentric
hypertrophy, of which 1 dog (9.1%) had a
Physiologic Hypertrophy with values of the
classification  parameters as  follows:
LVID/Aow - 1.965; LVM - 8.874 g/kg; RWT -
0.47. For 1 dog (9.1%) in accordance with the
values: LVID/Aow - 1.506; LVM - 10,609
og/kg; RWT - 0.629, we have identified
Concentric Hypertrophy.

Table 2. Left ventricular remodeling, individual values of the dogs with MMVD with pulmonary

edema

Dog Ne | Indicator

(sex) Weight |LVID/Aow | LVMass (g9/kg) RWT Classification

1(M) 5,1kg 2.58 (H) 13.333 g/kg(H) 0.331(L) | Eccentric Hypertrophy
2 (M) 6,6 kg 1.965(H) 8.874 g/kg (H) 0.47 (N) | Physiologic Hypertrophy
3 (M) 7,0 kg 1.506(N) 10.609 g/kg(H) 0.629(H) | Concentric Hypertrophy
4 (M) 10,0 kg |2.452(H) 9,149 g/kg (H) 0.293(L) | Eccentric Hypertrophy
5 (F) 4,8 kg 3.005(H) 13.01 g/kg (H) 0.278(L) | Eccentric Hypertrophy
6 (F) 3,6 kg 2.709(H) 12.364 g/kg(H) 0.312(L) | Eccentric Hypertrophy
7 (M) 4,5 kg 2.605(H) 11.933 g/kg(H) 0.352(L) | Eccentric Hypertrophy
8 (M) 9,8 kg 2.85 (H) 12.946 g/kg(H) 0.322(L) | Eccentric Hypertrophy
9 (M) 4,7 kg 3.005(H) 13.289 g/kg(H) 0.252(L) | Eccentric Hypertrophy
10 (F) 4,9 kg 2.615(H) 12.999 g/kg(H) 0.343(L) | Eccentric Hypertrophy
11 (M) 4,9 kg 2.422(H) 9.761 g/kg (H) 0.377(L) | Eccentric Hypertrophy

M — male; F — female; L — low; N —normal; H - high
LVID/Aow - weight-based aortic root dimension normalized end diastolic left ventricular inner diameter; LVM -

left ventricular mass; RWT - relative wall thickness; Gaasch and Zile classification, 2011.

DISCUSSION

Gaasch and Zile describe the rates of
remodeling associated with the progression of
mitral regurgitation. According to them, the
response of the left ventricular walls to the
volume overload consists of a progressive
expansion of the ventricle with characteristic
changes in the mass of LV and RWT (5).
These changes depend partly on the gravity
and duration of the overload (3). In the case of
acute MR, the earliest change is an increase in
LV volume, which is disproportionate to the
LV mass. Eccentric remodeling was not found
in the animals we examined. The reason for
this is that we chose animals with a more
advanced phase of the disease in which cough
is clinically observed. This early transient
stage is followed by the development of
"volume overload hypertrophy”, the RWT
returns to normal and maintains a normal
systolic function. In the case of compensated
MR, remodeling of the LV resembles the
adaptive changes seen in physiological
hypertrophy. The thus described progress of
the influence of volume overload on the left
ventricular remodeling coincides completely

with the results obtained in dogs with MMVD
without manifestation of signs of left-sided
heart failure. In the dog with eccentric
hypertrophy without pulmonary edema (No.9),
we found the lowest ratio of left ventricular
mass to weight (7.478 g/kg) compared to the
dogs with eccentric hypertrophy but with
established pulmonary edema. Concentric
hypertrophy was observed in dog No. 4 in the
non-pulmonary edema group and in dog No. 3
in the pulmonary edema group. On a detailed
examination of the left ventricular remodeling
model, in these two patients, we found a
significantly higher deviation of the dog with
pulmonary edema from the normal range we
have set compared to the dog without
pulmonary edema. We assume that in these
two dogs the remodeling is due to an
underlying illness, in which the ventricular
afterload was initially increased and then,
subsequently, the ventricular preload. In the
dog with Physiologic Hypertrophy patient No.
2 in the group of dogs with pulmonary edema,
the classification failed. The dimensions
determining its ventricle remodeling were very
similar to those found in dogs without
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pulmonary edema. This dog is not excluded
from the study as it follows the actual clinical
course of MMVD and the possibility of
complications arising from the progression of
mitral degeneration, for example elevated
blood pressure or the occurrence of an incident
like a ruptured chord in patients with a
background of a previously established
relatively benign MMVD (11). The previous
authors report a comparatively mild clinical
picture that has been favorably influenced by
cardiac therapy. According to them, this is due
to the lack of high-grade left ventricle
remodeling. Rupturing the chord does not
always lead to rapid progression of the disease.
Acutely ruptured chordae tendineae could
produce the sudden onset of strikingly loud,
high-pitched murmur, regardless of clinical
sign severity. (12). In this dog, we found a
strong  systolic peak murmur  during
auscultation and in the echocardiographic
study, we found signs of ruptured chords. The
described acute exacerbation of the signs of
left-sided heart failure in connection to a
ruptured chord (13) appears to be a possible
cause of a lack of adequate to the pulmonary
edema left ventricular remodeling in patient
No. 2. This gives us reason to assume that the
classification correctly indicates in which
patients with MVD the progression of the
disease is associated with a purely chronic
volume load and in which patients with MVD
disease progression is associated with a sharp
exacerbation of the signs due to another
reason. Further studies conducted with more
dogs are needed to test this hypothesis of ours.
The late MR stage is characterized by reduced
RWT and impaired systolic function. Thus, in
chronic MR, the LV mass can be increased two
or three times while the RWT ranges from
normal to low. Left ventricular remodeling can
be classified as a model of physiological
hypertrophy, but in most cases, eccentric
hypertrophy with RWT is found below the
normal lower limit (14, 15). These assertions
by the previous authors received a complete
confirmation by the results obtained with the 9
dogs with pulmonary edema, classified
according to our limits for left ventricular
remodeling. We suppose these are the dogs in
which the remodeling develops as a pure
chronic volume overload model.

In the examined patients and their
classification compared to the limits set by us,
the Gaasch and Zile classification was very
suitable for detecting the disease progression in
dogs with MMVD. Despite the overlapping of
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one of the models of remodeling in the
examined animals without pulmonary edema
and with pulmonary edema, we found
convincing differences that may be a
prerequisite for more detailed studies with
more patients.
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