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Abstract: Cardiomyopathy is a heart disease clinically characterized by enlargement of the heart, arrhythmia and heart failure 

alone or simultaneously. Ischemic cardiomyopathy is usually caused by coronary atherosclerotic lesions, but non-ischemic 

cardiomyopathy is different. It is caused by non-coronary atherosclerotic lesions which can cause heart failure, arrhythmia, and 

even sudden death. With the improvement of the diagnosis level, non-ischemic cardiomyopathy has been focused on. However, 

the pathogeny, diagnosis and treatment methods are still unclear in recent years, and the efficacy needs to be explored further. 

The article analyzes the pathogeny, diagnosis, current status of drugs and non-drug treatment, aiming to provide more 

reference materials for the early prevention of patients with non-ischemic cardiomyopathy and provide direction for the 

diagnosis and treatment of clinical patients. 

Keywords: Non-ischemic cardiomyopathy; Dilated cardiomyopathy；Hypertrophic cardiomyopathy；restrictive cardiomyopathy；

cardiac resynchronization therapy ；Bone marrow stem cell transplantation; Radiofrequency ablation 

 

Non ischemic cardiomyopathy (NICM) is a kind of 
cardiogenic heart failure caused by structural and/or 
functional insufficiency of the heart due to non-coronary 
atherosclerosis. Compared to ischemic cardiomyopathy, 
NICM has the characteristics of insidious onset and lack of 
specificity in etiology. Its causes can be genetic, acquired, 
or secondary to systemic diseases. Currently, 
understanding of this condition remains incomplete, and 
diagnosis and treatment are still imperfect. This paper 
provides an overview of NICM in recent years, including 
etiology, diagnostic methods, and treatment, aiming to 
improve a theoretical basis. 
 
1 Etiology of NICM  
 

Dilated cardiomyopathy (DCM) is one of the most 
common causes of NICM, characterized by ventricular 
dilation and impaired contractile function. Despite 
advancements in treatment, the mortality of DCM remains 
high. DCM is a major indication for heart transplantation. 
Numerous clinical studies indicate that toxins, diabetes, 
arrhythmias, myocarditis, and pregnancy typically 
contribute to phenotype and outcomes. In recent years, 
there has been increasing attention to genetic factors and 
mutations. In some foreign NICM patients, autosomal 
dominant inheritance is often observed. Additionally, 
mutations in genes, particularly the absence of β-myosin 
heavy chain, have become a focus, suggesting a genetic 
cause for familial NICM [1]. Understanding the interplay 
between genetic and acquired diseases has been a recent 
research focus, indicating that environmental factors 
influence the expression of genetic backgrounds, thereby 
potentially improving the assessment of such patients and 

new treatment methods in the future. 
Research over the past three decades has established 

hypertrophic cardiomyopathy (HCM) as an autosomal 
dominant genetic disease caused by pathogenic variants in 
genes encoding sarcomere proteins critical for contractile 
function [2]. The two most common disease genes 
involved are MYBPC3 and MYH7, with pathogenic 
variants in these genes accounting for 70% to 80% of all 
genotype-positive HCM patients [3]. Features include left 
ventricular hypertrophy, myocardial fibrosis, enhanced 
oxidative stress and energy consumption, ultimately 
leading to heart failure and arrhythmias. Understanding the 
genetic basis of HCM heralds the era of precision medicine, 
with genetic testing leading to improved and precise 
diagnosis, allowing for effective genetic testing in at-risk 
family members and providing better-targeted therapies. 

Restrictive cardiomyopathy (RCM), defined by 
increased myocardial stiffness, leads to restricted 
ventricular filling, with late-stage manifestations including 
heart failure, arrhythmias, and conduction abnormalities. 
Compared to HCM or DCM, RCM is less common. RCM 
is typically caused by cardiac amyloidosis, cardiac 
sarcoidosis, or cardiac hemochromatosis. Features include 
non-dilated left or right ventricles with diastolic 
dysfunction. Patients with diastolic dysfunction presenting 
with normal or near-normal systolic function and a 
restrictive filling pattern on echocardiography should be 
suspected of having RCM. Echocardiography is essential 
for confirming diastolic dysfunction, differentiating RCM 
from constrictive pericarditis. The prognosis of RCM is the 
poorest due to lacking of effective treatment methods. 
Currently, there are no specific treatments directly 
targeting RCM, and more approaches based on the etiology 
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are needed in the future [4]. 

In addition to the above three common causes, other 
etiologies include hypertensive heart disease, metabolic 
cardiomyopathy, valvular heart disease, as well as systemic 
inflammatory diseases, drug-induced cardiomyopathy, 
peripartum cardiomyopathy, and other idiopathic 
cardiomyopathies. Clear diagnosis of these conditions is 
crucial for treatment and prognosis. These 
cardiomyopathies primarily manifest as abnormalities in 
cardiac structure and function, such as myocardial 
hypertrophy, chamber dilation, and myocardial stiffness, 
leading to symptoms such as decreased cardiac contractile 
function, arrhythmias, and heart failure. Diagnosis of 
NICM requires comprehensive analysis through detailed 
medical history, physical examination, 
electrocardiography, echocardiography, cardiac magnetic 
resonance imaging, and other diagnostic methods. 
Treatment methods include pharmacotherapy, non-
pharmacological treatments, as well as implantation of 
cardiac pacemakers or cardioverter-defibrillators, and 
heart transplantation, with specific treatment plans tailored 
to the patient's condition and specific type. 
 
2 Diagnostic methods for NICM  

 
2.1 Electrocardiography  
 

Electrocardiography is one of the basic diagnostic 
methods for NICM and can display cardiac rhythm and 
cardiac enlargement. The electrocardiogram of NICM 
shows sinus bradycardia or tachycardia, premature or 
ectopic beats in the atrium or ventricle, mild or moderate 
prolongation of QRS complex duration, and changes in the 
shape and amplitude of T waves; There may also be 
manifestations of ventricular hypertrophy and dilation, 
such as ST segment changes, Q wave appearance, left 
deviation of the electrical axis, etc. It is important to note 
that ECG is not a specific indicator in the diagnosis of 
NICM, but it can be used during treatment to assess 
changes in cardiac electrical activity and the presence of 
arrhythmias. Regular ECG examinations can help 
physicians promptly detect changes in the patient's 
condition and take appropriate therapeutic measures. 
However, ECG is just one diagnostic method for NICM, 
and diagnosis and treatment need to be considered in 
conjunction with other examination results and clinical 
symptoms. 
 
2.2 Echocardiography 
 

Echocardiography can help differentiate different 
types of NICM. Ventricular enlargement due to myocardial 
pathology may differ from ventricular hypertrophy caused 
by hypertension or other causes. Echocardiography can 
display parameters such as ventricular wall thickness, 
interventricular septal thickness, and left ventricular end-
diastolic diameter. NICM may present with left ventricular 

enlargement, significantly reduced systolic function, 
enhanced wall echogenicity, and segmental wall motion 
abnormalities. Combined with relevant medical history, 
this aids physicians in distinguishing between different 
types of cardiomyopathies, thereby improving accuracy 
and precision of clinical diagnosis. Echocardiography can 
also be used to monitor disease progression and treatment 
effects in NICM [5]. However, if clinical suspicion of 
NICM is high, further investigations may be conducted. 

 
2.3 Endomyocardial biopsy (EMB)  

 
EMB, as an invasive procedure, is the gold standard 

for both diagnosis and etiological assessment of NICM. 
With advancements in surgical instruments and the 
application of immunohistochemistry, viral gene 
sequencing, and other tissue analysis technologies in 
clinical settings, the frequency of EMB usage is increasing. 
Although specific clinical trials and guidelines are 
currently lacking, the clinical indications for performing 
EMB are based on expert opinion. A recent study found 
that EMB achieves a detection rate of 65% for NICM [5]. 
The primary concerns associated with EMB include the 
selection of heart specimens, the necessity of biopsying 
both ventricles, and risks such as tricuspid valve prolapse 
and cardiac perforation. Therefore, in patients clinically 
suspected of NICM, careful collection of medical history, 
clinical examinations, electrocardiograms, 
echocardiograms, etc., is essential to identify reliable 
clinical indications and the optimal timing for EMB, 
thereby minimizing risks and improving prognosis to 
maximize benefits. 
 
2.4 Cardiac magnetic resonance (CMR)  

 
While EMB is the gold standard, its invasive nature 

limits its clinical application, particularly in the study of 
NICM. Currently, non-invasive cardiac imaging 
techniques have become crucial for diagnosing myocardial 
diseases. CMR is considered the optimal diagnostic tool 
for assessing the morphology, function, and tissue 
phenotype of myocardial disease. It is regarded as the gold 
standard imaging modality for evaluating cardiac 
functional and morphological parameters such as wall 
thickness, left ventricular mass, and volume. CMR utilizes 
various pulse sequences to characterize myocardial tissue, 
with late gadolinium enhancement (LGE) remaining the 
most relevant tool for tissue characterization in CMR. 
Studies conducted by Brendel et al. have shown that LGE 
can assess myocardial viability and describe myocardial 
scar formation [6]. Recent research indicates significant 
differences in affected segments, thickness, and age 
between patients with and without LGE [7]. Thus, LGE 
plays a crucial role in the diagnosis and prognostic 
assessment of cardiomyopathy, and every patient 
suspected of cardiomyopathy should undergo MRI with 
LGE technology. However, the lack of standardized pulse 
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sequences remains a primary limitation of LGE technology. 

 
3 Current status of clinical treatment research for 
NICM 
 

In the past two decades, with the establishment and 
refinement of standardized treatment protocols, 
particularly the adoption of biological therapies such as β-
adrenergic receptor blockers, angiotensin-converting 
enzyme inhibitors (ACEIs), angiotensin receptor blockers 
(ARBs), and aldosterone receptor antagonists (ARAs), 
collectively known as "guideline-directed medical therapy 
(GDMt)", significant advancements have been made in the 
management of non-ischemic cardiomyopathy (NICM) 
patients [8-10]. Additionally, non-pharmacological 
treatments like cardiac resynchronization therapy (CRT) 
have further improved prognosis, markedly reducing 
mortality rates and improving left ventricular function 
and/or structural abnormalities in some NICM patients 
[11]. These advancements have been characterized by 
improvements in left ventricular ejection fraction (LVEF) 
or fraction shortening (FS), sometimes accompanied by 
reductions in left ventricular end-diastolic diameter 
(LVEDD) or volume (LVEDV), indicative of "left 
ventricular reverse remodeling (LVRR)" [12-15]. From the 
first global classification of cardiomyopathies by World 
Health Organization's to the 2008 ESC classification, the 
classification of cardiomyopathy has been redefined, 
including DCM, HCM, RCM, arrhythmogenic right 
ventricular cardiomyopathy, and amorphous 
cardiomyopathy. The prognosis of different types of 
cardiomyopathies varies greatly. The following will 
provide specific explanations from drug treatment and 
non-drug treatment, providing some ideas for clinical 
doctors to intervene in this type of disease in the early stage. 

 
 

3.1 Pharmacological treatment 
 
3.1.1 Anti ventricular remodeling—β-receptor 
blockers 
 

β-receptor blockers, as first-line treatment drugs for 
improving symptoms, are recommended routinely when 
no contraindications exist. In cases of heart failure with 
preserved ejection fraction (HFpEF) or reduced ejection 
fraction (HFrEF), medications like metoprolol or 
bisoprolol are utilized, starting with low doses and 
gradually increasing to the maximum tolerated dose 
(typically achieving a resting heart rate of 55-60 beats per 
minute). Early and appropriate use of β-receptor blockers 
has shown significant reductions in mortality, 
rehospitalization rates, and sudden death risks in NICM 
patients. For patients with concomitant arrhythmias, 
rhythm control becomes more important. Although 
amiodarone is generally preferred, combined use of β-
receptor blockers can better control and improve prognosis. 

  
 
3.1.2  Inhibiting renin-angiotensin system— 
ACEIs/ARBs 
 

ACEIs not only has antihypertensive function, but 
also can delay and reverse ventricular remodeling, thereby 
preventing cardiac hypertrophy and improving endothelial 
and cardiac function. They significantly reduce 
hospitalization costs and mortality in HFrEF patients and 
are considered cornerstone drugs that should be initiated 
early in heart failure management, irrespective of severity. 
Due to their dose-dependent effects, starting with low 
doses and gradually doubling every two weeks until 
reaching target therapeutic doses is recommended. Regular 
monitoring of blood pressure, potassium levels, and renal 
function is essential to avoid abrupt discontinuation. For 
patients with poor ACEI tolerance, ARBs offer a viable 
alternative with similar benefits in hemodynamics. 
Milestone trials have demonstrated ACEI/ARBs can 
reduce heart failure mortality by 20%-30%. Additionally, 
the CHARM-added trial confirmed that adding ARBs on 
the basis of ACEIs significantly reduces cardiovascular 
disease and heart failure hospitalization risks, albeit 
increasing the likelihood of renal function deterioration 
and hyperkalemia. Therefore, treatment selection for 
HFrEF patients should be individualized based on specific 
clinical circumstances. 

 
3.1.3 Sodium-glucose co-transporter 2 (SGLT-2) 
inhibitors 
 

Initially developed as antidiabetic agents, SGLT-2 
inhibitors have shown significant cardiovascular benefits 
independent of their glucose-lowering effects. Early 
cardiovascular trials in type 2 diabetes mellitus (T2DM) 
patients with high-risk of cardiovascular disease 
demonstrated a 30%-35% reduction in heart failure 
hospitalization risks. Unlike other more effective 
antihypertensive treatments that failed to reduce 
cardiovascular risks in T2DM patients, SGLT-2 inhibitors 
have emerged as agents with distinct cardioprotective roles. 
Recent meta-analyses indicated that early intervention 
with SGLT-2 inhibitors in T2DM patients with HFrEF not 
only improved ventricular remodeling but also 
significantly lowered cardiovascular disease mortality 
rates [16]. Although the exact mechanisms for survival 
benefits remain under investigation, SGLT-2 inhibitors are 
recommended for use in HFrEF patients with or without 
type 2 diabetes to enhance quality of life, improve clinical 
symptoms, and reduce heart failure-related hospitalization 
rates. 
 
3.1.4 Aldosterone receptor antagonists 
 

Aldosterone has numerous pathophysiological 
functions, including inducing central hypertension, 
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promoting tissue damage, inducing ventricular or severe 
arrhythmias, promoting sodium retention, and causing 
myocardial fibrosis. Mineralocorticoid receptor 
antagonists (MRA), such as spironolactone, can be used in 
patients with ascites and heart failure-related edema. They 
have been shown to significantly improve the prognosis of 
patients with HFrEF. The 2018 Chinese Guidelines for 
Diagnosis and Treatment of Heart Failure suggest that 
HFrEF patients should first use ACEI/ARB and β-receptor 
blockers in small doses, gradually increasing to the target 
dosage, and then use diuretics as needed. If the clinical 
symptoms do not improve and eGFR is ≥ 30 mL·min-

1·1.73m-2, and blood potassium is<5.0 mmol/L, MRA 
intervention should be considered. Consideration of MRA 
intervention is based on the patient's clinical condition and 
presentation, not necessarily initiating treatment early. 
Often, spironolactone is used concurrently with loop 
diuretics. Eplerenone, a novel selective aldosterone 
receptor antagonist, significantly lowers blood pressure 
and can be added when blood pressure remains 
uncontrolled despite multiple antihypertensive 
medications. 
 
3.1.5 Diuretics 
 

Due to inevitable fluid retention in heart failure, 
diuretics have been recommended in treatment of heart 
failure. Diuretics include loop diuretics, thiazide diuretics, 
and potassium-sparing diuretics, with decreasing strength 
in the order. According to the American Heart Failure 
Association guidelines, oral furosemide 20 mg is 
recommended for chronic heart failure. Long-term use of 
loop diuretics has been shown to significantly improve 
patient survival rates, especially when combined with 
other diuretics, though there is a risk of electrolyte 
imbalance. Therefore, treatment, whether alone or in 
combination, should be tailored based on the patient's 
symptoms, signs, weight, and urine output.  

For NICM, treatment should be tailored to the type of 
cardiomyopathy. The above medications are foundational. 
For example, HCM requires reducing myocardial 
remodeling and improving arrhythmias, while DCM 
necessitates treatments such as anti-heart failure and 
anticoagulation. In severe heart failure, medications 
according to the AHA/ACC/HFSA heart failure 
management guidelines may include diuretics, 
vasodilators, recombinant human brain natriuretic peptide, 
or calcium channel blockers. Specific drug treatments for 
NICM depend on diagnosis and complications, with hopes 
for future standardized treatment protocols. 

 
3.2 Non-pharmacological treatments 
 
3.2.1 CRT  
 

CRT is a new non-pharmacological treatment method. 
Since NICM often progresses to chronic congestive heart 

failure (CHF), drug therapy alone may be insufficient for 
patients at NYHA II or above, and cannot improve long-
term quality of life, CRT has become a mainstream 
treatment. It enhances the synchrony of atrial and 
ventricular mechanical movements through pacing devices, 
reversing left ventricular hypertrophy, improving cardiac 
function, and preventing arrhythmias [16-17]. Initial 
single-point pacing may not predict the optimal pacing site 
well, with up to 40% of patients showing no response to 
CRT. Quadripolar or more leads can stimulate more left 
ventricular areas, improving CRT response in terms of 
hemodynamic improvement, left ventricular ejection 
fraction (LVEF) enhancement, and reduced asynchrony 
[18-19]. But in the future, a large number of multicenter 
samples are needed to prove the safety and effectiveness of 
multi-point pacing. 
 
3.2.2 Bone marrow stem cell (BMC) transplantation 
 

 In recent years, BMC has shown clinical advantages. 
Bone marrow mononuclear cells (BMMC) play a 
significant role in the treatment of ischemic 
cardiomyopathy and acute myocardial infarction, although 
data for NICM are limited [20-21]. Stem cells have 
paracrine regulatory mechanisms in cytokine secretion and 
play a role in cell differentiation. Intracoronary application 
of BMC has been proven safe and significantly increases 
left ventricular ejection fraction post-treatment, with some 
cells remaining effective in the myocardium. Direct 
myocardial injection of BMMC is safe and improves 
ejection fraction of NICM, though clinical trials have 
shown controversial efficacy. A recent meta-analysis 
demonstrated significant improvement in left ventricular 
ejection fraction and reduced end-diastolic diameter with 
BMMC transplantation. 
 
3.2.3 Radiofrequency ablation  
 

NICM often leads to ventricular arrhythmias in the 
later stage of NICM. While implantable cardioverter-
defibrillators (ICDs) effectively prevent sudden death, 
patient symptoms may recur, and antiarrhythmic drugs 
have side effects. Radiofrequency ablation remains highly 
effective in NICM patients, with randomized trials 
showing superior outcomes compared to drug therapy. It 
improves prognosis and reduces the need for heart 
transplantation and mortality rates. In 2019, HRS 
ventricular arrhythmia radiofrequency ablation experts 
recommended that NICM patients with recurrent persistent 
monomorphic VT and AAD were ineffective, 
contraindicated, or intolerant. Choosing radiofrequency 
ablation can help reduce the recurrence of VT and ICD 
shocks. But NICM is different from ICM. NICM is more 
complex, with higher ablation difficulty and lower success 
rate. According to the latest research report, the use of 
stereotactic body radiotherapy (SBRT) has a significant 
effect on the treatment of refractory ventricular tachycardia, 
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providing new ideas for future refractory arrhythmias.  
 
4 Summary and outlook 
 

NICM is a very dangerous heart disease, and its 
incidence is rising. At present, the treatment methods are 
not yet mature. Gene editing technology has become very 
advanced in recent years and can be used in the future to 
repair, modify, or regulate genes related to myocardial 
disease. This is of great significance for the treatment of 
some familial inherited NICM, and currently available 
drug therapies have a significant effect on improving the 
quality of life and prognosis of patients with this type of 
cardiomyopathy, but there are still limitations and 
shortcomings. In the future, we should continue to 
strengthen research on drug therapy, develop new 
molecules, and develop new technologies based on RNA 
interference. NICM may cause problems such as weakened 
ventricular wall movement or ventricular dilation, which 
are related to abnormal cardiac electrical signals. Future 
treatment directions can include bioelectrical control and 
repair technologies aimed at restoring ventricular function 
by controlling cardiac electrical signals. The occurrence of 
NICM is also related to the imbalance of neural regulation, 
so neural regulation therapy is a possible future direction. 
By adjusting the balance between the sympathetic and 
parasympathetic nerves, heart function can be improved 
and the risk of death in patients can be reduced. 

In short, with the continuous development of medical 
technology, the treatment of NICM will also continue to 
improve and innovate. The future treatment direction 
needs to take into account factors such as technological 
level, biology, and clinical practice, and focus on 
improving treatment effectiveness while ensuring patient 
safety and comfort. 
 
Conflict of Interest  None  

 

References 
[1] de Frutos F, Ochoa JP, Navarro-Peñalver M, et al. Natural history of 

MYH7-related dilated cardiomyopathy[J]. J Am Coll Cardiol，2022，
80(15):1447-1461. 

[2] Karatsai O, Lehka L, Wojton D, et al. Unconventional myosin VI in 
the heart: involvement in cardiac dysfunction progressing with age[J]. 
Biochim Biophys Acta BBA Mol Basis Dis, 2023, 1869(6): 166748.  

[3] Marsili L, van Lint FV, Russo F, et al. MYH7 p.(Arg1712Gln) is 
pathogenic founder variant causing hypertrophic cardiomyopathy 
with overall relatively delayed onset[J]. Neth Heart J, 2023, 31: 300-
307.  

[4] Brodehl A, Gerull B. Genetic insights into primary restrictive 

cardiomyopathy[J]. J Clin Med, 2022, 11(8): 2094.  
[5] Zuo CC, Xu W. Application of echocardiography combined with 

percutaneous left ventricular angiography in differentiating ischemic 
cardiomyopathy from dilated cardiomyopathy[J]. J Imag Res Med 
Appl, 2022, 6(11): 59-61. [In Chinese] 

[6] Li L, Liu SY, Wu LM, et al. Clinical features of patients with complex 
ventricular arrhythmia and myocarditis: diagnostic value of 
endocardial myocardial biopsy[J]. Chin Circ J, 2023, 38(6): 669-674. 
[In Chinese]  

[7] Huang DJ, Liu Y, Gao L, et al. miR-32-3p regulates myocardial injury 
induced by microembolism and microvascular obstruction by 
targeting RNF13 to regulate the stability of atherosclerotic plaques[J]. 
J Cardiovasc Transl Res, 2022, 15(1): 143-166.  

[8] Zhang LS, Gao FB. Evaluation value of mr tissue tracking technique 
in dilated cardiomyopathy[J]. J Clin Radiol, 2023, 42(1): 168-171. 
[In Chinese] 

[9] Terentes-Printzios D, Gardikioti V, Latsios G, et al. Aortic systolic 
blood pressure predicts periprocedural myocardial injury after 
transcatheter aortic valve implantation[J]. Eur Heart J, 2021, 42 
Supplement_1: ehab724.2333.  

[10] Sun RR, Chen TZ, Meng M. Hypereosinophilic syndrome presenting 
as acute ischemic stroke, myocardial infarction, and arterial 
involvement: a case report[J]. World J Clin Cases, 2022, 10(11): 
3547-3552.  

[11] Feng LL, Tian RF, Mu XD, et al. Identification of genes linking 
natural killer cells to apoptosis in acute myocardial infarction and 
ischemic stroke[J]. Front Immunol, 2022, 13: 817377. 

[12] Iyer Nithin R, Thao LT, Kui Michelle SL, et al. Markers of focal and 
diffuse nonischemic myocardial fibrosis are associated with adverse 
cardiac remodeling and prognosis in patients with hypertension: the 
REMODEL study[J]. Hypertension, 2022: 79(8):1804-1813. 

[13] Tat E, Ball C, Camren GP, et al. Impact of late gadolinium 
enhancement extent, location, and pattern on ventricular tachycardia 
and major adverse cardiac events in patients with ischemic vs. non-
ischemic cardiomyopathy [J]. Front Cardiovasc Med, 2022, 9: 
1026215.  

[14] Ajufo E, Ayers CR, Vigen R, et al. Value of coronary artery calcium 
scanning in association with the net benefit of aspirin in primary 
prevention of atherosclerotic cardiovascular disease[J]. JAMA 
Cardiol, 2021, 6(2): 179.  

[15] Chen HS, Jungen C, Kimura Y, et al. Ventricular arrhythmia substrate 
distribution and its relation to sympathetic innervation in 
nonischemic cardiomyopathy patients[J]. JACC, 2022, 8(10): 1234-
1245.  

[16] Wang KY, Yang Y, ZULIPIYE Ainaisi , et al. Efficacy and safety of 
four SGLT2 inhibitors in the treatment of heart failure with reduced 
ejection fraction: a network meta-analysis[J]. J Clin Cardiol, 2023, 
39(1): 21-28. [In Chinese] 

[17] Thibault B, Dubuc M, Khairy P, et al. Acute haemodynamic 
comparison of multisite and biventricular pacing with a quadripolar 
left ventricular lead[J]. Europace, 2013, 15(7): 984-991.  

[18] Cojan-Minzat BO, Zlibut A, Agoston-Coldea L. Non-ischemic dilated 
cardiomyopathy and cardiac fibrosis[J]. Heart Fail Rev, 2021, 26(5): 
1081-1101.  

[19] Yang SW, Liu ZM, Hu YR, et al. A novel risk model for mortality 
and hospitalization following cardiac resynchronization therapy in 
patients with non-ischemic cardiomyopathy: the alpha-score[J]. BMC 
Cardiovasc Disord, 2020, 20(1): 205.  

[20] Mehta VS, Elliott M, Sidhu B, et al. Multipoint pacing for cardiac 
resynchronisation therapy in patients with heart failure: a systematic 
review and meta-analysis[J]. J Cardiovasc Electrophysiol, 2021, 32: 
2577-2589.  

[21] Schiedat F, Bogossian H, Schöne D, et al. Long-term performance 
comparison of bipolar active vs. quadripolar passive fixation leads in 
cardiac resynchronisation therapy[J]. Front Cardiovasc Med, 2021, 8: 
734666.  

 
 Submission received: 2023-08-09  

 



!"#$%&'$()*+,-./0&(.-$*11 11

!"#! $%&$'()*+,&-./0&-,-1&)%)(&%2&%%(

!"#$

!

¤ªl

" 345607! ;,̂$2$)%A<$)2&-95

%&'(

! )%)(

=

%2

=

)%

#

0123

#

éWºj<�L/0123�����

ùúû

">

üýþ

=¹º6?$BC67<ºÙ=?

"

=¹º ÆçÇs

%$%%%%

)*

!

��1H<XÕ

(

<#oRç<EFGÉã(��bNOìás�/<X�LÀá<�L

'

:R���Q�ÄåÅ�

LUVW/áWºj<�L

"

éWºj<�L¨4ab

"

D��é��Q�ÄåÅ�LU�]

"

DVW<EFG

(

<#oR

(

Ý

É��

'

V|¦LM

(

kl

(

���96aÝ�G

"

�c«Ý2>c´e

'

xy£ñWºj<�LLM$

(

kl�ý

"

�ð&

¼½�é¼½����

"

á,/âã/Q³[Õ]èèàOóIJ

"

á��1âã/kl���]è�Å

'

+,-

!

éWºj<�L

$

ÕÖå<�L

$

ÜÝå<�L

$

@;j<�L

$

<X�bc���

$

KL¡./M�

$

dFno%

./012

! LB()?)>

34567

! G>

3892

! $2@(

=

A$A)%)%)(&%2

=

%A'B

=

%B

"&.&2(#/3($+(&..2*%4(&24J&*4.4246.$'*$*Q-.#/&J-##2(%-$J:$324/:

O#SUWaW." RS"E06.^06.;

X"<#$%G"&%;L:#$');-;=1" @LL)-)#%"' !;0<)%#-;LM&&"$(;&=;-)# ("'),#-.&)/"$0)%1" !;33;%" M&&"$(;&=;-)# 767777" :3)&#

:;$$"0<;&')&= #>%3;$! B.\C)#&_)#&=" EFG#)-! = _̂686U79I6U8K,;G

85.4(2#4! D618095̀9\6YV 0̀[6VW61Y80[W6[W-70.0-677̀-V616-YW10bW8 Z Ẁ.761;W5W.Y9XYVWVW61Y" 611V ỲV5066.8 VW61YX607T1W679.W91
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W19;W.W0Ỳ6.8 .WY:91/ 91;6.0b6Y09. 05\601_6[-T761XT.-Y09. 0. \1W4
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