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Editorial

The term cardiac remodeling has been used to describe

changes in the structure or function of the heart caused

by various stressors since the term was first coined by

Hochman and Bulkley in the myocardial infarction (MI)

model in the early 1980s1,2 . Remodeled hearts may exhibit

systolic or diastolic dysfunction, arrhythmias, ventricular

wall hypertrophy, scarring, vascular abnormalities, fibrosis,

myocyte death, inflammation, metabolic disturbances, and

cellular and molecular changes3 . The consequence of this

cardiac remodeling is often heart failure. Animal models are

essential tools for identifying the mechanisms of disease and

exploring intervention strategies to attenuate and reverse

cardiac remodeling. The objective of this methods collection

is to introduce innovative approaches for developing mouse

or minipig models of cardiac remodeling. The inclusion of

different animals allows for the movement of research from

the basic, exploratory investigations that use rodents, to the

pre-clinical model of pigs. The strategies used by the authors

include right ventricular MI induced by right coronary artery

ligation in mice4 , programmed electrical stimulation-induced

cardiac arrhythmias in mice5 , vein graft disease induced by

coronary artery bypass grafting (CABG) in pigs6 , cardiac

volume overload due to aortic regurgitation in mice7 , heart

failure with preserved ejection fraction (HFpEF) induced by

descending aortic constriction in pigs8 , combined angiotensin

II infusion and renal denervation to control blood pressure in

mice9 , and mutations in a human homologous gene, cardiac

myosin heavy chain 7 gene (MYH7), in mouse hearts10 . In

addition, the authors provide detailed protocols for assessing

cardiac remodeling using cardiac magnetic resonance feature

tracking (CMR-FT) in patients11 , echocardiography in mice

and pigs4,7 ,8 ,10 , electrophysiological recordings in mice5 ,

hemodynamics measurements in mice4,7 , mouse or pig

heart histology4,6 ,7 ,8 ,9 ,10 , and biomarkers6,8 ,9 .

Myocardial infarction is the most common cause of cardiac

remodeling12 . Right ventricular involvement is known to be

associated with an increased risk of death from inferior

MI13,14 . The left coronary artery ligation model has been

widely used to simulate the clinical features of MI15,16 .

Therefore, Liao et al.4  develop a mouse model focusing

on right ventricular MI using permanent ligation of the

right coronary artery. The authors demonstrate the mouse

cardiac surgery procedures and methods to determine the
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right ventricular function, hemodynamics, and histology. In

addition, representative images of coronary vascular casts in

mice are provided. The introduction of a right ventricular MI

model will facilitate the understanding of the mechanisms that

trigger cardiac remodeling after myocardial infarction in the

more rarely investigated right heart.

CABG is used to treat prolonged MI or multivessel

coronary artery diseases. However, vein grafts can undergo

pathological changes and re-occlude after surgery, leading

to vein graft disease17 . Li et al.6  detail a porcine CABG

procedure using the internal mammary vein as a graft6 . In

addition, the authors demonstrate the method of pig tracheal

intubation and the harvesting procedure of the left internal

mammary vein. This model can be used to test treatments that

maintain the patency of vein grafts or reduce adverse graft

remodeling.

Atrial and ventricular arrhythmias are frequently diagnosed

in patients with acute MI18,19 . Although mouse models

have limitations in terms of studying cardiac arrhythmias

due to their high heart rate and small body size,

researchers have managed to record and manipulate mouse

electrocardiograms to gain valuable insight into the electrical

changes of the heart post-MI. In this context, Lu et al.5

combine programmed electrical stimulation and isolated

heart perfusion to study ventricular tachyarrhythmias in

MI mice. The authors also demonstrate the use of an

echocardiography-guided injection of recombinant virus in

mouse and rat ventricles. The techniques described in

this article are valuable for studying the cardiac rhythm

disturbances associated with adverse cardiac remodeling

after MI.

Atrial arrhythmias are independent risk factors for atrial

remodeling and dysfunction. Wang et al.11  apply CMR-FT

to assess left atrial strain and atrial function in patients,

enabling the accurate assessment of atrial dysfunction. With

advances in clinical MRI diagnostic techniques, researchers

have employed this approach to assess cardiac structural and

functional abnormalities in mouse and porcine models20,21 .

The method presented by Wang et al.11  can also be

employed to assess atrial function in large animal models.

Cardiac volume overload can be caused by aortic

regurgitation, a condition in which diastolic blood leaks from

the aorta into the left ventricle22 . Based on the Framingham

Heart Study, the prevalence of aortic regurgitation in men

and women is 13% and 8.5%, respectively23 . Wu et al.7

present a mouse model of aortic regurgitation that mimics the

cardiac volume overload caused by valvular heart disease.

In this protocol, aortic valve rupture surgery is performed

under the guidance of high-resolution ultrasound. The cardiac

function, hemodynamic consequences, and puncture sites on

the valves of the model are presented.

About half of heart failure patients are classified as HFpEF24 .

Li et al.8  establish a minipig model of HFpEF induced

by the precise constriction of the descending aorta. The

authors demonstrate the open-heart surgery, the setup of

the aortic pressure measurement device, the measurements

using transthoracic echocardiography, and the ventricular

remodeling process.

Wang et al.9  demonstrate a renal sympathetic denervation

protocol to control hypertension and attenuate cardiac

hypertrophy in mice. In this mouse model, the authors first

implant an osmotic micropump containing angiotensin II and

then use a delicate approach to desensitize the nerve endings

in the renal artery wall. Additionally, anatomical images of

the mouse renal arteries are presented. This well-designed
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model aids in studying the mechanisms of cardiac remodeling

induced by hypertension.

Hypertrophic cardiomyopathy is the most common inherited

heart disease25 , and sarcomere gene variation is a major

cause of hypertrophic cardiomyopathy. In this context, Xia et

al.10  demonstrate comprehensive methods for understanding

the genetic factors associated with this disease. The authors

first identify MYH7 variants using exome sequence and

variant segregation analyses and then create a mouse model

with a point mutation in the MYH7 gene. The pathological

phenotypes of cardiac hypertrophy are shown in the article.

The authors included in this methods collection have

established different models of cardiac remodeling by

improving existing procedures or employing new techniques.

It is expected that these innovative modelscan be developed

to uncover the molecular mechanisms of cardiac remodeling,

advance our understanding of the human conditions, and

create novel treatment and diagnostic strategies that improve

patient outcomes and prolong lives.
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