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ABSTRACT. The aim of this study was to develop an experimentally-induced canine model of left
ventricular hypertrophy through banding of the ascending aorta using nylon ties. Seven clinically normal
dogs free of cardiovascular disease were used. Nylon tie was used in banding the mid-ascending aorta.
Clinical, radiographic and echocardiographic evaluations were done at 1.5, 3 and 6 months. Dogs were
euthanized at 6 months for post mortem and histopathological evaluation. Clinically, dogs did not exhibit
any signs of cardiovascular disease at 1.5 or 3 months, while at 6 months two dogs (28.6 %) exhibited mild
weight loss, exercise intolerance and heart murmurs. Radiographic evaluation revealed significant
increase in cardiac size only at 6 months based on measurement of the cardiothoracic area evaluation.
Echocardiography revealed increased left ventricular wall thickness starting from 1.5 month, although
this increase was statistically significant at 3 and 6 months (p > 0.05). Left ventricular hypertrophy was
confirmed by post mortem examination. Histopathological sections of left ventricle in all dogs
demonstrated myocyte hypertrophy and interstitial fibrosis. This model simulates the naturally occurring
ventricular hypertrophy using a rapid and economic technique. Such models are required to understand
pathogenesis of heart disease and to develop effective treatment strategy.
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Introduction

Cardiovascular diseases constitute the first leading cause of death and morbidity worldwide (Zaragoza et al.,
2011; Heron & Anderson, 2016; Van Dyke et al., 2018). Left ventricular hypertrophy usually results from an
increased ventricular work load which is compensated by ventricular dilatation and/or hypertrophy, but this does
not result in heart failure until the compensatory response fail to meet the metabolic demands of the body
(Shenasa & Shenasa, 2017; Geske, Ommen, & Gersh, 2018). Initially, left ventricular hypertrophy is an adaptive
mechanism to increase the muscle mass to normalize the wall stress to maintain the pump function of the heart
(Selvetella, Hirsch, Notte, Tarone, & Lembo, 2004; Geske et al., 2018). Severe and long standing hypertrophy
usually results in stress-induced ischemia and congestive heart failure (Shenasa & Shenasa, 2017). Left
ventricular hypertrophy may be asymptomatic for many years before the development of congestive heart failure
or unexpected sudden death (Lech, Dobrowolski, Klisiewicz, & Hoffman, 2017; Shenasa & Shenasa, 2017).

Animal models remain the best tool for understanding the mechanisms of cardiovascular disease in
human. Several animal models have been developed to elucidate the mechanism responsible for the
pathophysiological features of left ventricular hypertrophy in order to establish potential treatment
strategies (Hess et al., 1984; Marano & Ferrari, 2007; Powers & Recchia, 2018).These models usually based
on increasing the ventricular work out and induce left ventricular hypertrophy including rapid cardiac
pacing, pressure overload, volume overload and valvular stenosis or insufficiencies (Hess et al., 1984;
Marano & Ferrari, 2007; You et al., 2018).

Nylon cable ties have been used previously for many surgical procedures. These procedures includes but
not limited to, repair of sternotomy wounds in human, repair of rib fractures in foals and ligation of rectum
during transaction and spermatic cord during castration in dogs (Downs & Rodgerson, 2011; Grapow, Melly,
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Eckstein, & Reuthebuch, 2012; Hoglund et al., 2014; Omer, 2018; Bi et al., 2020). In these studies, the use of
nylon cable tie had resulted in shortened surgical time through its safe, rapid, easy to perform ligation
procedures. The ligation of the cable tie provides a secure permanent ligation which resists pulling and
displacement of the surrounding soft tissue (Downs & Rodgerson, 2011; Grapow, et al., 2012; Hoglund et al.,
2014; Omer, 2018; Bi et al., 2020).

The purpose of the present study was to develop and evaluate an easy applicable canine model of
pressure induced left ventricular hypertrophy by aortic stenosis using nylon ties.

Material and methods

Animals and design

An experimental prospective study was done to induce a canine model of left ventricular hypertrophy
through banding the ascending aorta using the commercially available “nylon cable ties” (Egyptian Patent
n. 29110, 2018).

Seven adult 24-30 month (mean # SD; 26 * 2) mongrel dogs weighing approximately 20-25 kg (mean *
SD; 21.1 £ 2.4) were included in the study. All study procedures were approved by and in accordance to the
Institutional Animal Care and Use ethical Committee of Faculty of Veterinary Medicine- Cairo University
(Approval # VetCU06201519050).

Before enrollment in the study each dog was given a complete physical, cardiovascular, hematological,
radiographic and echocardiographic examination to exclude the evidence of systemic and/or cardiovascular disease.

The heart size was evaluated using the cardiothoracic ratio (CTR) measurement based on the previously
described method (Torad & Hassan, 2014). Transthoracic two-dimensional, M-mode and colored Doppler
echocardiography was done for all dogs prior to surgery. The mean aortic root diameter (AoD) was measured
from three cardiac cycles “c”. The aortic circumference (baseline aortic circumference) “r” was calculated
using the following equation.

(c=2nr)

where: ¢ = aortic circumference, r = aortic root diameter.

Anesthesia

Dogs were pre-medicated by Atropine sulphate (Atropine®, ADWIA Co., Egypt) subcutaneously 10-30
minutes before induction of anesthesia in a dose of 0.05 mg kg'! body weight and tranquilized with xylazine
HCL (Xylaject®, ADWIA Co., Egypt) 1mg kg! body weight =I.M. Sodium thiopental (Thiopental®, EPICO
Co., Egypt) was used for anesthetic induction in a dose 20-25 mg kg! body weight 1.V. via the cephalic
catheter. Dogs were intubated and coupled to a ventilator. Anesthesia was maintained using Isoflurane
inhalation with oxygen supplementation.

Surgical technique

In all dogs, a standardized left lateral thoracotomy at the level of the fourth intercostal space was done
under complete aseptic precautions. The most cranial part of the heart was carefully exposed. A curved
hemostat was then passed around the mid ascending aorta. A blunt dissection was done to clear the aorta
from the surrounding tissue and a curved hemostat was passed around the aorta while keeping it in place.
Care was taken to avoid injuring or collapsing the aorta during dissection. The jaws of the hemostat were
then opened to grasp the end of the gas-sterilized “nylon cable tie”. The hemostat was then drawn holding
the tip of the tie to pass under the aorta to enclose it. The tie was then closed around the mid ascending
aorta in a non-constricting manner. Stenosis of the aorta was standardized to be 30 % of the baseline aortic
circumference. The remaining free end of the tie was then cut as close as possible to avoid injuring the
surrounding tissue. The ribs were approximated using the subcutaneous tissue and the skin were sutured
using Vicryl (Vicryl®, Johnson and Johnson, Hungary) then the peumothorax was evacuated.

Animal evaluation

Dogs were monitored daily and examined weekly by clinical examination. Animals were evaluated at 1.5,
3 and 6 months post-induction by radiographic and echocardiographic examinations. Dogs were euthanized
at the end of the study at 6 months for histopathological examination.
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Clinical evaluation

Dogs were carefully evaluated during the study period for signs of congestive heart failure. Any dog
shows a life threaten sign of congestive heart failure would be humanely euthanized using an over dosage of
barbiturates for ethical considerations.

Radiographic examination

Using a standardized positioning, right lateral and ventro-dorsal thoracic radiographs were taken at
inspiration prior to (0 time) and at 1.5, 3 and 6 months following induction of aortic stenosis. The
radiographs were taken using of 70 - 80 kVp and 3 mAs with a focal film distance of 70 - 90 cm.

Echocardiographic examination

Trans-thoracic two dimensional and M-mode echocardiographic measurements were done prior to
enrollment in the study (0 Time), and at 1.5, 3, 6 months following induction of aortic stenosis. Examination
was done using a 4 MHz transducer coupled with Samsung Medison machine (Sonovet R3, Korea). The
following measurements were recorded: left ventricular internal diameter in diastole (LVIDd), left
ventricular internal diameter in systole (LVIDs), interventricularseptal thickening in diastole (IVSd),
interventricularseptal thickening in systole (IVSs), left ventricular wall thickness in diastole (LVWd), and
left ventricular wall thickness in systole (LVWSs). The relative wall thickness (RWT), left ventricular mass
(LVM) as well as the fractional shortening (FS) and the ejection fraction (EF) were calculated from the
obtained measurements. The left atrial to the aortic root diameter (LA/Ao) ratio was also calculated.
Doppler echocardiographic scan at the level of the aorta was done where the trans-stenosis gradient was
recorded. All examinations and measurements were made by the leading edge technique following the
criteria of the American Society of Echocardiography.

Euthanasia and histopathological examination

At the end of the 6 months, all dogs were euthanized using an over dosage of barbiturates. Gross
pathologic examination of cardiac compartments and the aorta was done for all dogs immediately after
euthanasia.Samples were collected from different levels of the left ventricles as well as the aorta at the level
of the “nylon tie” and processed for histopathological examination. Samples were fixed with buffered
formalin, processed routinely and stained with H&E for histopathological examination.

Statistical Analysis

Data were expressed as mean * SD, all echocardiographic measurements and indices were compared
through the time period using repeated measures analysis of variance (ANOVA). When statistically
significant differences were detected, a post hoc Tukey’s multiple comparison test was used to locate the
difference. Data were analyzed using SPSS software 21 (IPM SPSS Inc., Chicago, IL). Results were considered
to be statistically significant if p < 0.05.

Results

Clinical evaluation

All dogs included in the study were survived till the end of the study at 6 months. Non-of the dogs
showed any specific clinical signs of cardiovascular disease at 1.5 or 3 months post induction. At 6 months
following aortic stenosis, two dogs (28.6 %) exhibited mild weight loss, exercise intolerance and thoracic
auscultation revealed heart murmurs. The other five dogs still did not show any remarkable clinical signs till
6 months post-induction of aortic stenosis.

Radiographic examination

Thoracic radiographs obtained at 1.5 months after banding of the ascending aorta did not reveal a
remarkable change in size of the heart while at 3 months following aortic banding a non-significant increase
in the heart size based on cardiothoracic area measurement (CTR). At 6 months following induction of

stenosis, there was a significant increase in the heart size based on CTR measurements (Table 1).
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Table 1. Mean * SD cardiothoracic ratio (CTR) calculated from lateral and ventro-dorsal thoracic radiographs during the 6-months
evaluation of aortic stenosis using “nylon tie”.

CTR (%) 0 Time 1.5 Months 3 Months 6 Months
Lateral Radiographs 25.3+1.7 26.2+2.1 27.1+1.3 31.1+1.2%
Ventro-dorsal radiographs  29.2 £2.3 29.8+2.2 314+27 37.1+1.3*

*Statistically significant compared with baseline values (p < 0.05).

Echocardiographic examination

Echocardiographic measurements demonstrated that the diameter of the ascending aorta was decreased
approximately 27.1 # 2.1 % following banding. An increase in the ventricular wall thickness was evident
starting from 1.5 month following banding of the ascending aorta, although this increase was not
statistically significant at 1.5 month compared to baseline measurements. Significant increase in ventricular
wall thickness as measured by left ventricular wall thickness in diastole (LVWd), left ventricular wall
thickness in systole (LVWs), interventricularseptal thickening in diastole (IVSd), interventricularseptal
thickening in systole (IVSs), relative wall thickness (RWT) and left ventricular mass (LVM)was recorded at 3
months. This increase in ventricular wall thickness was still apparent at 6 months echocardiographic
measurement and was also confirmed by the post-mortum examination (Figure 1).

Figure 1. (a) Two-dimensional echocardiographic scan of a dog at the 6 months ultrasound scan demonstrating hypertrophied left
ventricle with abnormal echocardiographic parameters and increased left ventricular mass and a decreased cardiac function. (b) Two-
dimensional echocardiographic scan of a dog at the baseline ultrasound scan demonstrating normal echocardiographic parameters. (c)

Two dimensional echocardiographic examination 3 months after banding of the ascending aorta. Notice the presence of the
hyperechoic “commercial cable tie” at the mid-ascending aorta in non-constraining manner.

The ejection fraction (EF) as a measure of left ventricular systolic function was also decreased at 3
months (37.3 # 1.5) and 6 months (29.3%2.1) following aortic stenosis compared to their baseline values
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(54.9 = 4.6 %). The fractional shortening (FS) was decreased significantly at 6 months post- induction of
stenosis.
Echocardiographic measurements and indices during the study are presented in (Table 2).

Table 2. Mean * SD echocardiographic measurements and indices during the 6-months evaluation of aortic stenosis using “nylon tie”.

0 Time 1.5 Months 3 Months 6 Months
LVIDd (mm) 34.9+2.1 35.6%2.8 36.1+£2.3 35.5+£29
LVIDs (mm) 22.3+0.7 24.2%2.6 25.1+3.2 25.3+35
LVFWd (mm) 9.1+0.7 10.1£1.3 12.2£1.0* 13.8+£1.5*
LVFWs (mm) 13.7%+1.1 14.1+2.1 16.1+1.6* 17.1£2.3*
IVSd (mm) 10.2+1.6 12.9+2.0 13.2+1.8* 13.7+2.0*
IVSs (mm) 15.1£0.6 159+2.4 16.2+1.2 17.2 +2.4*
FS (%) 39.5+7.8 38.1+6.8 33.4+4.1 28.2%4.73
EF (%) 54.9+4.6 48.6+2.4 37.3%1.5% 29.3£2.1*
RWT 55.3+3.8 64.6+2.3 79.3+4.2* 85.2+2.1*
Ao diameter (mm) 23.9%0.7 16.1+1.0 15.9+£1.3 16.4£0.5
LA/Ao 1.2£0.2 1.7+£0.2 1.7+£0.2 1.7£0.2
LVM (gm) 98.1£5.6 113.2+4.3 135.4+3.7* 139.2 £ 4.4*
Pressure gradient (mmHg) 140.3 +20.1 200.1 £15.5 210.4 £10.7 218 £18.7

(EF; ejection fraction, FS; fractional shortening, IVSd; interventricular septal thickening in diastole, IVSs; interventricular septal thickening in systole,
LA/Ao; left atrial to the aortic root diameter ratio, LVIDd; left ventricular internal diameter in diastole, LVIDs left ventricular internal diameter in systole,
LVM; left ventricular mass, LVWd; left ventricular wall thickness in diastole, LVWs; left ventricular wall thickness in systole, RWT; Relative wall
thickness).*Statistically significant compared with baseline values (p < 0.05).

Macroscopic and histopathologic examination

Postmortem examination did not reveal any remarkable changes within the thoracic cavity. Examination
of the cardiac silhouette revealed marked left ventricular thickness. Encapsulation of the nylon cable tie at
the site of banding in ascending by a whitish tissue was recorded suggesting being a fibrous tissue foreign
body reaction (Figure 2).

Figure 2. (a) Post-mortem photograph of the heart at 6 months after banding of the aorta using the nylon tie demonstrating marked
hypertrophy of the heart. (b), (c) Post-mortem photograph of the ascending aorta at 6 months after banding of the aorta. A whitish
fibrous tissue foreign body reaction was seen encapsulating the nylon tie (arrows).

This reaction visualized microscopically by the accumulation of macrophage and lymphocyte with few
multinucleated giant cells and fibrous connective tissue of the site of ligation. Examination of different sections
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of left ventricle in all dogs was consistent with the presence of myocyte hypertrophy with their characteristic
large hyperchromatic nuclei. An increase in connective tissue deposition in the ground substance was visualized
in sections obtained from different areas indicating the presence of interstitial fibrosis (Figure 3).

Figure 3. Histopathological section from the left ventricle at 6 months after banding of the ascending aorta demonstrating
hypertrophied cardiomyocytes with interstitial fibrosis. Note the large hyperchromatic nuclei of the hypertrophied myocyte (H&E).

Discussion

The study presented a canine model of pressure induced left ventricular hypertrophy through aortic
stenosis using commercially available nylontie.

The technique of banding the aorta by the nylon tie was quick with easy ligation procedures. The cable
ties proved to be safe, rapid, practical, and flexible with a high mechanical strength and durability.
Moreover, the nylon cable tie is economic and easy to be sterilized. All of these criteria highlight the
usefulness of the nylon ties in the induced model of aortic banding.

Placement of the tie as a ring around the vessel narrows the diameter of the aorta creating a systolic
overload leading to increasing the left ventricular afterload and work. Based on La Place’s law, the load on
any surface (myocardium) is given as follows: (pressure * radius)/(2* wall thickness) thus an increase in
pressure can be compensated by an increase in wall thickness (Lorell & Carabello, 2000; You et al., 2018). It
has been reported that cardiac hypertrophy seems to be a complicated and dynamic process (Ou et al., 2010;
You et al., 2018), it has been reported that expression of some cardiac genes and proteins may be included in
the morphological abnormalities and ultrastructural changes recorded in cardiac hypertrophy (Lorell &
Carabello, 2000; Bella & Goring, 2012).

The diagnosis of left ventricular hypertrophy depends predominately on the non-invasive imaging
through echocardiographic examination. Echocardiography is the gold standard in diagnosing heart disease.
In the present study, echocardiography was more sensitive than radiography in diagnosing early increase in
the cardiac size. Data obtained from echocardiographic evaluation of dogs during the six month evaluation
underlined the effectiveness of the induced model. The significant increase in left ventricular wall thickness
and mass had indicated a compensated concentric left ventricular hypertrophy. However, the cardiac
function did not change significantly till 6 months evaluation as indicated by the insignificant changes in
fractional shortening. This observation may explain that most humans and dogs remain asymptomatic for
ventricular hypertrophy before development of clinical signs of heart failure.

The increase in the ventricular muscle mass is a compensatory mechanism of the heart to face the
hemodynamic overload (Geske et al., 2018). This increase in muscle mass is due to myocyte hypertrophy
rather than hyperplasia as myocytes become terminally differentiated soon after birth (Lorell & Carabello,
2000).Myocyte hypertrophy is an adaptation to support the biomechanical load;this adaptation is also
coordinated with an increased surrounding ground substances and connective tissue (Lorell & Carabello,
2000). The increased connective tissue is concise with collagen production and unbalanced collagen
turnover (Hess et al., 1984; Bella & GoOring, 2012). This increased collagen deposition should be
differentiated from pathological collagen deposition which is characterized by both perivascular and
interstitial fibrosis.

The present study highlighted the use of the dog as an animal model to simulate the naturally occurring
ventricular hypertrophy using a rapid and economic technique. Such models are required to provide
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information regarding the progression and pathogenesis of heart disease which will aid in the development
of effective treatment strategies (Powers & Recchia, 2018).

The aim of the treatment of left ventricular hypertrophy should be directed to early diagnosis of cardiac
abnormalities through periodical echocardiographic scans, maintaining the normal cardiac function
through medicinal therapy, physiotherapy and controlled exercise, and to prevent the progression of early
increase in ventricular size leading to heart failure with the subsequent sudden death. Limitations of the
present study include the absence of genetic, protein, cellular and molecular analysis of the myocardium to
deepen our understanding of the disease mechanism.

Conclusion

The present study highlighted the use of the dog as an animal model to simulate the naturally
occurring ventricular hypertrophy using a rapid and economic technique. Such models are required to
provide information regarding the progression and pathogenesis of heart disease which will aid in the
development of effective treatment strategies. Nylon cable tie provided a reliable, easy to apply,
applicable and economic tool for banding the ascending aorta to induce left ventricular hypertrophy in
dog model.
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