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ARTICLE INFO ABSTRACT
Article History: The aim of this study was conducted to identify the short-term effects of

ovariohysterectomy on the heart of immature cats using echocardiography. This
longitudinal study was conducted on a sample consisting of 6 immature female DSH cats.
After the selection of test items, echocardiography was performed on the cats before the
ovariohysterectomy (DO) and ten days (D10), twenty days (D20), and thirty days (D30)
after the ovariohysterectomy. Cardiac parameters, including fractional shortening (FS),
ejection fraction (EF), cardiac output (CO), left atrial-to-aortic root diameter ratio (LA/Ao),
and left ventricular wall thickness to interventricular septum ratio (LVWD/IVS) was
Cardiac output measured. Results indicated that the average EF at D10 (71.83%), D20 (71.00%), and D30
Cat (69.83%) was significantly reduced compared to DO (77.66%). The average CO at D10 (1.68
1/min), D20 (1.51 1/min), and D30 (1.5 1/min) was significantly reduced compared to DO
(2.05 1/min). However, the average FS at D10 (40.54%), D20 (40.50%), and D30 (39.33%)
reduced compared to DO (45.00%); the reduction was not statistically significant. The
average Ao/LA and LVPW/IVS remained unchanged during the study (without noticeable
changes). Ovariohysterectomy negatively impacts cardiac function; accordingly, special care
and follow-up during sterility are essential for maintaining cardiac health.

Received 1 September 2022
Revised 25 October 2022
Accepted 19 November 2022
Online 19 November 2022

Keywords:

Ejection fraction
Fractional shortening

Introduction

Overpopulation of cats is one of the growing
concerns of the current societies. Hence, scientific
communities struggle to solve this problem by seeking
non-destructive methods. Ovariohysterectomy (OHE)
or spaying is one of the methods. This surgery removes
the ovaries and uterus from the body. The reproductive
glands (ovaries) are the origin and primary source of
the known sex hormones (estrogen, progesterone, and

testosterone), and their removal inevitably takes away
the possibility of fertility.!

Alteration in the secretion of sex hormones can
cause several impacts (either beneficial or non-
beneficial) on various body organs. In particular,
findings indicate that removing the reproductive organs
of multiple animals through surgery can prevent
several diseases, including uterine and breast tumors,
pyometra, vaginal vaginal
prolapse.l2 However, removing the mentioned organs

inflammation, and
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may also lead to an increased possibility of multiple
organ dysfunctions, such as early closure of growth
plates,® diabetes mellitus,* hypothyroidism,> and
gastrointestinal lymphoma.t Infertility (or menopause)
can lead to cardiovascular diseases.”® These changes
are probably caused by the loss of estrogen. Estrogen
leads to promoting vasodilatation by regulating nitric
oxide production. Therefore, with the loss of estrogen,
it probably leads to vascular dysfunction. Also, due to
increased expression of inflammatory cytokines, which
may damage the cardiac function.” Early spaying also
results in reduced lifetime exposure to endogenous
estrogen, which may account for the
incidence of cardiovascular disease in

increased
immature
animals.10

Metabolic risk factors, mainly lipids, during
infertility can increase the risk of cardiovascular
diseases. In a number of studies, it has been determined
that during menopause, the level of triglycerides and
low-density lipoprotein-cholesterol (LDL-C) in the
blood increases, while the level of high-density
lipoprotein cholesterol (HDL-C) decreases, which is a
potential development of cardiovascular diseases.11.12

Also, during this period, androgens increase, but sex
hormone-binding globulin (SHBG) decrease, which can
also have negative effects on the heart.!3> Androgens
have proinflammatory and vasoconstrictive properties
and lead to increased blood pressure and other
vascular vascular impairment.’* Androgens lead to an
effect on the growth-promoting effect on muscle cells,
which themselves can lead to enlarged cardiomyocytes
and cardiac hypertrophy, thus leading to a change in
the ejection fraction (EF).15

Despite the multitude of conducted human studies
on hormonal changes to menopause and
cardiovascular diseases,6-18 based on inquiries in valid
scientific databases, there is no study available on
impacts of OHE in animals, especially cats. Hence, the
extent of the consequences caused by these types of

due

actions on animals (especially cats) is not yet known.
Accordingly, in this study, we tried to identify the
cardiovascular changes caused by OHE in cats with an
experimental research approach using
echocardiography.

Materials and Methods

Animals and Surgery

This study was conducted on six healthy immature
female DSH cats with an average weight of 2.70 kg and
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a mean age of 184 days. All the animals included in the
study used the same food ration (commercial dry food)
and passed a 12-hours starvation process before the
surgery. In order to check the health of cats,
biochemical factors included renal factor (blood urea
nitrogen [BUN] and creatinine) and liver factor (alanine
aminotransferase [ALT], alkaline phosphatase [ALP],
and aspartate aminotransferase [AST]) and complete
blood cell (CBC) were measured.

A standard OHE was conducted on the test subjects.
They received ketamine (5.5 mg/kg, intravenous [IV])
and diazepam (0.28 mg/kg, IV) as pre-anesthetic
agents, and ketamine (0.6 mg/kg IV) was injected for
anesthesia. During the operation, the heart rate and
respiratory rate of the animals were under constant
monitoring.

Echocardiography

We removed the hair on the 4th and 5th intercostal
spaces of test subjects to perform the
echocardiography. Then the animals were placed on the
echocardiography table in the appropriate lying-down
situation. Then, using the ultrasonography device
(Esaote Mylab 40 2011, Italy) with phased array probe
(3.5 MHz) in standard right parasternal views to the
short axis at the level of the papillary muscles and with
motion modality and with diastole Teichezole
technique, parameters (including
interventricular septum thickness during the systole,
left ventricular internal diameter at the end of diastole,
left ventricular internal diameter at the end of systole,
left ventricular free wall diameter during the diastole,
left ventricular free wall diameter during the systole,
and heart rate) were measured. Then, using the
following formulas, the device measured the cardiac
output (CO), ejection fraction, and left ventricular
fractional shortening (LVFS) values. Also, in the aortic
root measurement level, the aortic root and left atrial
diameters and their ratio (LA/Ao) were recorded. Then
the left ventricular wall thickness to interventricular
septum ratio (LVWD/IVS) was measured at the long
axis of the 4-chamber view:

LVIDd—LVIDs
LVFS= ——
LVIDd
EDV—ESV
FS= "%
EDV

CO=HRxSV

various

Measurement Days

The measurements were conducted in ten days

intervals, before the injection (D0), ten days after the
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surgery (D10), twenty days after the surgery (D20), and
thirty days after the surgery (D30).

Statistical Analysis

First, we calculated the averages of the various
parameters for data analysis. Then we used the
Kolmogorov-Smirnov test to investigate the normality
of data distribution. Next, we applied repeated
measures ANOVA to compare the differences between
the components during the time and applied Tukey’s
test for pair-wise comparison of the means (p-values
less than 0.05 were statistically significant).

Results

The Normality Test of the Data

The normality test of the data distribution indicated
calculated p-values of all data higher than 0.05, showing
that the data distribution was normal. Accordingly,
parametric statistical tests were applicable.

Changes in Cardiac Parameters with Motion
Modality (M-Mode)

As can be seen in Figure 1, the average FS on day 10
(45.5%), day 20 (40.50%), and day 30 (39.44%) were
reduced compared to the value before OHE (45%);
however, the changes were not statistically significant
(p > 0.05). The average EF compared to before the OHE
(77.66%) was significantly reduced (p = 0.001) by day
10 (71.83). Also, this factor was significantly reduced (p
= 0.03) until day 20 (71%). The average EF indicated a
decline until day 30 (69.83%); however, this reduction
was not statistically significant (p = 0.09). The average
CO compared to the value before the OHE (2.05 1/min)
was significantly reduced (p = 0.01) by day 10 (1.68
1/min). The changes on days 20 and 30 (1.51 1/min)
were also statistically significant (p = 0.03 and 0.004,
respectively) (Figures 1 and 2).

Cardiac Parameters Variations with Brightness-
Mode (B-Mode)

As can be seen in Figure 3, the average LA/Ao of
day 10 after the surgery (1.41) has increased compared
to the time before the surgery (1.25); however, the
increase was not statistically significant (p = 0.06). The
average related parameter on day 20 after the surgery
(1.35) and day 30 after the surgery (1.28) was higher
than before the surgery; yet, this difference was also
not statistically significant (p > 0.05). The mean

LVPW/IVS did not change during the study (Figures 3,
4, and 5).

Discussion

The heart is one of the vital body organs, and any
disorder will inevitably affect the body's functions and
may even lead to the organism's death.1® The findings of
this study and many previous medical types of research
indicated that removal or dysfunction of reproductive
organs (elective surgery and early or late menopause)
are among the factor contributing to cardiac functional
changes and failures. Accordingly, such factors can
increase the possibility of cardiovascular diseases.
Reviewing a number of the prior studies will provide
evidence to verify the claim.
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Figure 1. M-mode echocardiography of immature cat. Right
parasternal short-axis at the level of the papillary muscles. EF
=76%, and FS = 41%.
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Figure 2. Mean and standard deviation of FS (%), EF (%), and
CO (I/min) before the ovariohysterectomy (DO0), after ten days
(D10), after twenty days (D20), and after thirty days (D30).
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Figure 3. B-mode echocardiography of immature cat. Right
parasternal short-axis at the level of the aortic root level.
LA/Ao = 1.41.
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Figure 4. Mean and standard deviation of LA/Ao and
LVPW/IVS before the ovariohysterectomy (DO), after then
days (D10), after twenty days (D20), and after thirty days
(D30).
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Figure 5. B-mode echocardiography of immature cat. Right
parasternal Long-axis at the level of 4 chamber view.
LVPW/IVS = 0.92.

Muka et al. (2016) compared the risk of developing
cardiovascular diseases (CVDs) in young women
(before menopause) and women older than 45 years
(after menopause). They revealed that the risk of
developing CVDs in women before menopause is higher
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than in those who have reached menopause.20 Shen et
al. (2019) also stated that for each 1-year delay in
menopausal age, the rate of CVD notification reduced by
3 % 10, Similar results were seen in other studies.21.22

Lgkkegaard et al. (2006) also reported a statistically
significant correlation between early menopause and
the risk of coronary disease.23 Dam et al. (2019) also
reached a linear relationship between these two
elements. They discovered that each year after
menopause, the risk of developing cardiac diseases
increases by 3 percent.2* Reethega et al. (2018) also
obtained similar results to this study.25> Based on the
results of longitudinal research on the human
population, Khoudary et al. (2020) reported that due to
causing dysfunction in coronary arteries, menopause
increases the risk of developing cardiovascular
diseases.26 The results of some short-term studies
suggested that early onset of menopause with
ventricular dysfunction causes negative effects of the
disease.2’-29 In another study, it was found that women
who experience early natural menopause have a higher
risk for developing heart failure.3°

There are several mechanistic interpretations
regarding the relationship between early infertility and
the risk of cardiovascular diseases. Altered ovarian
function may lead to long-term activation of the renin-
angiotensin-aldosterone  system, which impairs
endothelial dysfunction, inflammation, and immune
dysfunction, resulting in membrane damage.3! Also, the
beginning of sterility may be partially mediated via the
transmembrane G protein-coupled estrogen receptor.32
In addition, this change may become a biological
mechanism, which itself can be damaged in the function
of the organ.33

Zhoa et al. (2018) reported that decreased hormonal
levels after menopause would increase the risk of
cardiovascular diseases in the last years of patients'
life.3# Dosi et al. (2014) also indicated that the risk of
cardiovascular  diseases among women with
reproductive system dysfunction is significantly higher.
They also revealed that women with central obesity and
abnormal lipid profile face an increased risk of
developing CVDs.3 In line with the mentioned studies,
Ingelsson et al. (2011) also discovered that elective
spaying increases the possibility of cardiac diseases in
women. In short, the findings of this study, in line with
previously mentioned research, indicated that early
menopause, either by targeted elective spaying or
through several other factors, would significantly
increase the possibility of developing various
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cardiovascular disorders.3¢

Abbas et al. (2018) also showed that the loss of sex
hormones, whether due to natural or
menopause, both lead the
cardiovascular disease. In this study, both Carotid
femoral pulse wave velocity (cfPWV) and Brachial
Ankle Pulse wave velocity (baPWV) were significantly
higher in surgical and natural menopause compared to
women with Premenopausal group. But the results of
this study of reveal that women with surgical
menopause are associated with greater arterial
stiffness when compared to women with natural
menopause and premenopause.3’ Therefore, attention
to the heart, especially during selective sterility, should
be more than during natural sterility.

Considering the findings of this study, we can
conclude that OHE can change the cardiac function of
immature cats and endanger their health. Accordingly,
after spaying these cats, preventing them from
developing cardiovascular diseases through constant
and accurate evaluations, controlling their nutrition,
lifestyle management, and also replacing their sex
hormones with injections is essential.

surgical

increase risk for
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