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ABSTRACT　The Annual Report on Cardiovascular Health and Diseases in China (2022) intricate landscape of cardiovascular
health in China. In connection with the previous section, this seventh section of the report offers a comprehensive analysis of dis-
orders of heart rhythm in China. In 2021, China has achieved significant development and gratifying results in many aspects of
the field of arrhythmia. Left bundle branch pacing (LBBP), as an emerging pacing technique originating from China, has received
widespread attention.  New research results  have emerged on its  indications,  surgical  procedures,  clinical  evaluation,  and com-
parison with other pacing techniques. Its feasibility, effectiveness, and safety have been basically verified, but its long-term pro-
gnosis still needs further confirmation from larger samples and longer follow-up time research results. Leadless pacemakers have
begun to be used in a wider range of clinical applications, and related large sample cohort studies have been reported. In addi-
tion, there are also noteworthy new achievements in the fields of pacemaker remote programming, anticoagulation and radiofre-
quency catheter  ablation (RFCA) therapy for  atrial  fibrillation,  and implantable  cardioverter  defibrillator  prevention of  sudden
cardiac death.  In terms of  clinical  practice,  due to COVID-19 pandemic,  the number of  RFCA procedures and other device im-
plantations in China has fluctuated, but it has gradually recovered since 2020.

 

C ardiac arrhythmias are usually classified
as bradyarrhythmias and tachyarrhyth-
mias. Bradyarrhythmias mainly include

sick sinus syndrome and atrioventricular block.
Severe bradyarrhythmias require pacemaker im-
plantation. Atrial fibrillation (AF) has become the
most common tachyarrhythmia. In recent years, pa-
tients with AF usually receive anticoagulant ther-
apy or catheter ablation. Malignant ventricular ar-
rhythmias are likely to result in sudden cardiac
death (SCD), which can be treated with implant-
able cardioverter defibrillator (ICD) or catheter ab-
lation. 

BRADYARRHYTHMIA
 

Pacemaker Implantation

In recent years, great progress has been made in
the treatment of bradyarrhythmia in China. Accord-
ing to the data from online registration system of
National Health Commission and the data of the
provincial quality control centers in China, the
number of cardiac pacemaker implantation in 2021
increased by 15.2% compared with the estimates in

2020, with 71 cases per million people (Figure 1).
Among them, there were 72,891 cases of dual cham-
ber pacemakers, accounting for 73%, slightly high-
er than the international level (70%) (Figure 2).

With the increase in the number of pacemaker
implantation, related complications are also receiv-
ing increasing attention in clinical practice. After a
one-year follow-up of 2125 patients with perman-
ent pacemaker implantation, a study found that 34
patients were diagnosed as cardiovascular implant-
able electrical device (CIED) infection. Elevated bod
y mass index (BMI), receiving anticoagulant ther-
apy, and a hospital stay of ≥ 4 days are risk factors
for CIED infection after pacemaker implantation in
the early and middle stages.[1] A study on the clinic-
al characteristics and prognostic factors among 79
cases with CIED infection showed that the non-
complicated pocket infection was dominant among
the hospitalized patients with CIED infection.
Debridement and removal of the generator and
leads were still the main treatment measures.[2]

Some studies have also focused on subclinical CIED
infection. Among 418 patients who underwent car-
diovascular electronic device implantation, 12.0%
showed positive bacterial culture in the pocket tis-
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sue, with coagulase negative staphylococcus pre-
dominating and associated with a higher risk of
readmission.[3] Analysis and research on venous oc-
clusion related to cardiac pacing leads in China show-
ed that among 106 patients with cardiac pacemaker
implantation, 26 cases (24.5%) experienced severe
stenosis or occlusion of the subclavian vein and supe-
rior vena cava. Renal insufficiency was associated wi-
th the occurrence of venous complications,[4] while
antiplatelet drugs (aspirin, clopidogrel) have been fo-
und to be potential risk factors for bleeding events.[5]

Patients undergoing pacemaker implantation
need regular follow-up and programming to en-
sure the safety of pacemaker operation. At present,
there are teams in China that have carried out re-
mote real-time programming based on 5G cloud
technology support platforms, aiming to provide
new technical solution to solve the predicament of
routine in-office visits in China.[6,7]

The results indicate that conducting a 3.0T mag-

netic resonance examination under a standardized
process has good feasibility and safety A study in-
vestigated the safety and practical concerns of mag-
netic resonance imaging (MRI) at 3.0T for patients
with MRI compatible pacemakers in China for the
first time. The results indicated that 3.0T magnetic
resonance examination under a standardized pro-
cess has good feasibility and safety.[8]
 

His-Purkinje System Pacing in China

Clinical research on the feasibility, safety and ef-
fectiveness of His-Purkinje system (HPS) pacing, in-
cluding His bundle pacing (HBP) or left bundle
branch pacing (LBBP), in patients with bradyar-
rhythmia is progressing rapidly in China.

LBBP technology was initially originated in
China. More than 70 studies have been published in
international cardiovascular journals since 2019, ex-
ploring the indications, pacing approach, feasibility,
safety, effectiveness, and comparison results with

 

Figure 1    Numbers of annual pacemaker implantation in China (1995–2021).
 

Figure 2    Proportion of single/dual chamber pacemaker implantation in China (2012–2021).

JOURNAL OF GERIATRIC CARDIOLOGY CARDIOVASCULAR HEALTH AND
DISEASES IN CHINA (2022)

704 http://www.jgc301.com; jgc@jgc301.com  



other pacing technologies of LBBP. Results from
clinical studies indicated that LBBP yielded a nar-
row QRS duration and preserved left ventricular
synchrony.[9] The procedure can be accomplished with
a simplified “nine partition method ”.[10] Successful
LBBP with a well-defined lead tip location by visu-
alization of the tricuspid value annulus was repor-
ted recently.[11] Compared with His bundle pacing,
multiple meta-analyses have shown that LBBP has
similar pacing QRS intervals, but significantly bet-
ter success rates, shorter procedure and radiograph-
ic exposure times, and more satisfactory pacing
parameters such as lower pacing thresholds and
higher R-wave amplitudes.[12–15] Compared with tra-
ditional RVP, LBBP’s pacing parameters, the incid-
ence of surgical related complications including tri-
cuspid valve regurgitation and clinical outcomes
have no significant difference,[16,17] which can achi-
eve better left ventricular mechanical synchroniza-
tion, thus significantly reducing the incidence of pa-
cing induced left ventricular dysfunction.[18] In pa-
tients with persistent atrial fibrillation who require
high burden of ventricular pacing, LBBP can signifi-
cantly improve left ventricular ejection fraction
(LVEF) and left atrial diameter compared to RVP,
suggesting that it may have a role in reversing left
atrial remodeling.[19] Hypertrophic cardiomyopathy
(HCM) may pose a substantial challenge to LBBP
due to thick interventricular septum and heavy bur-
den of myocardial fibrosis. Pacing modalities shou-
ld be cautiously considered in this special popula-
tion.[20] LBBP was tentatively used in patients after
transcatheter aortic valve implantation (TAVI). A
study involving 12 patients revealed that LBBP yiel-
ded shorter QRS intervals, higher LVEF and lower
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) values when compared with right ventri-
cular apex pacing(RVAP).[21] LBBP was regarded as
a therapeutic option for these patients.[22,23]

In summary, compared to other pacing methods,
LBBP has its advantages in different aspects, but its
long-term prognosis still needs further investiga-
tion with larger sample and longer time span stud-
ies. At present, two cohort studies of LBBP revea-
led that the pacing parameters were stable. In addi-
tion, domestic researchers also paid attention to the
left ventricular septal pacing, and proposed a meth-
od to distinguish it from LBBP.[24,25]
 

Leadless Pacemaker Implantation in China

Leadless pacemakers can reduce complications
related to leads and pockets compared to tradition-
al transvenous pacemakers. The first leadless pace-
maker implantation in China was accomplished at
the Cardiac Arrhythmia Center of Fuwai Hospital
on February 10, 2015. Leadless pacemaker came on
the Chinese market in December 2019, and more
than 10 medical centers in China have been able to
perform this procedure since then. A domestic
study reviewed 68 patients with leadless pacema-
ker implantation, with a success rate of 100% and
no instrument related complications or serious ad-
verse events. The main cardiac function indicators
improved significantly 3 months after procedure,
and the threshold values, impedance parameters
were within the ideal range and had a stable trend
within one year. However, the perception gradu-
ally increased, and the long-term prognosis needs
to be further observed.[26] Some staff in China have
attempted to extract an infected pacemaker device
followed by the immediate implantation of a lead-
less pacemaker.[27] In addition, there were some re-
ports of cases of leadless pacemaker implantation in
patients with right atrial enlargement and tricuspid
valve stenosis,[28] biovalve replacement of tricuspid
valve for Ebstein malformation,[29] indicating a
broader range of indications of leadless pacemakers. 

TACHYARRHYTHMIA
 

Atrial Fibrillation
 

Epidemiology

One multistage stratified sampling study in
2020–2021 estimated the prevalence of AF in adults
aged ≥ 18 years in China.[30] A total of 114,039 parti-
cipants from 22 provincial administrative units in
China were included in the final analysis. The over-
all age-standardized prevalence of AF was 1.6%. It
was higher in men (1.7%) than in women (1.4%),
higher in rural areas (1.7%) than in urban areas
(1.6%), and higher in Central regions (2.5%) than in
Western (1.5%) and Eastern regions (1.1%). The as-
sociated factors for AF included older age (OR =
1.41, 95% CI: 1.38–1.46; P < 0.001), male sex (OR = 1.34,
95% CI: 1.24–1.45; P < 0.001), hypertension (OR =
1.22, 95% CI: 1.12–1.33; P < 0.001), CAD (OR = 1.44,
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95% CI: 1.28–1.62; P < 0.001), chronic heart failure
(OR = 3.70, 95% CI: 3.22–4.26; P < 0.001), valvular
heart disease (OR = 2.13, 95% CI: 1.72–2.63; P <
0.001), and TIA/stroke (OR = 1.22, 95% CI: 1.04–
1.43; P = 0.013). Compared with those who had ob-
structive sleep apnea syndrome (OSAHS) and were
without obesity, the risk of persistent AF increased
by 2.34-fold in those with OSAHS and obesity.
Obesity is significantly associated with the risk of
persistent AF. Obesity and OSAHS play an interact-
ive role in the pathogenesis of persistent AF.[31]

The overall prevalence of stroke in Chinese pa-
tients with AF was 24.8%. It was 26.9% in those with
rheumatic valvular AF, and 24.2% in those with non-
valvular AF. In patients with non-valvular AF, age ≥
75 years, hypertension, diabetes mellitus and left at-
rial thrombus were independently associated with
stroke.[32] Left atrial appendage (LAA) morphology
is believed to be associated with ischemic stroke,
and non-chicken wing LAA morphology increases
the risk of thromboembolic events. However, the
existing classification of LAA morphology is not ac-
curate, especially when explaining the relationship
between LAA morphology and stroke.[33]
 

Prevention of thrombosis in atrial fibrillation

Chinese Atrial Fibrillation Registry (CAFR) study
analyzed 7977 patients with non-valvular AF in 32
hospitals from 2011 to 2014.[34] Significant improve-
ments in oral anticoagulation treatment were obser-
ved in Chinese patients with AF. The proportions of
oral anticoagulant (OAC) use were 36.5%, 28.5%, and
21.4% for patients with CHA2DS2-VASc scores ≥ 2,
1, and 0, respectively. Rates of OAC use varied wide-
ly among different hospitals, from 9.6% to 68.4% in
tertiary hospitals and from 4.0% to 28.2% among
non-tertiary hospitals. A study on the pre-admis-
sion medication history of patients diagnosed with
AF at 3 tertiary hospitals showed that only 24.41% of
patients diagnosed with AF after admission receiv-
ed anticoagulant therapy that met the guidelines.[35]

Data from Optimal Thrombophylaxis in the Chinese
Elderly patients with Atrial Fibrillation (ChiOTEAF)
Registry indicated that in patients with high-risk
CHA2DS2-VASc and HAS-BLED, or HAS-BLED ≥
3, high fall risk, CKD/liver disease, and age ≥ 85 years,
treating with anticoagulation had a lower incidence
of composite endpoints (AMI, ischemic stroke, intra-
cranial hemorrhage and all-cause death) than those
treating with antiplatelet therapy (all P < 0.05).[36]

The use of novel oral anticoagulants, including
direct thrombin inhibitor and direct factor Xa inhib-
itor, is increasing in China. Based on the results of
AUGUSTUS trial and the expert consensus of Chinese
Society of Cardiology, it is suggested that apixaban
should be used in combination with a P2Y12 recept-
or antagonist for antithrombotic management of pa-
tients with AF and CAD.[37] However, this has to be
further investigated due to short time and limited
experience of clinical use.

As for the compliance of antithrombotic treat-
ment, ChiOTEAF study demonstrated that the pre-
valence of recommended anticoagulation was only
44.7% in senile AF patients.[36] Education backgro-
und, place of residence, complications, CHA2DS2-
VASc score, and HAS-BLED score were independ-
ent influencing factors for novel oral anticoagulant
compliance in non-valvular AF patients.[38]

Left atrial appendage closure (LAAC) is a new
method to prevent left atrial thrombosis in patients
with AF. This technique was started in China in
2013, and has been popularized rapidly in recent
years. Analysis of the database of China AF Center
from November 2018 to November 2019 indicated
that there was a high success rate and low incid-
ence of severe complications in the use of LAAC in
patients with AF. LAAC combined with catheter
ablation was safe and effective due to lower compli-
cations and higher proportion of sinus rhythm.[39]
 

Catheter ablation of atrial fibrillation

Circumferential pulmonary vein isolation is still
the main procedure of radiofrequency catheter abla-
tion (RFCA) at present, accounting for 60.2% of the
total ablations.[40] The incidence of procedure-rela-
ted cerebrovascular complications following AF ab-
lation is 0.4% per procedure for ischemic stroke and
0.1% per procedure for hemorrhagic stroke.[41] The
strategy of empiric superior vena cava isolation plus
pulmonary vein isolation as a second procedure for
paroxysmal AF improved atrial tachyarrhythmia re-
currence-free rate without increasing procedural
time or complications.[42] Catheter ablation vs. phar-
macotherapy in the management of persistent and
long-standing persistent atrial fibrillation (CAPA
study) revealed that in patients with persistent and
long-standing persistent AF, RFCA-based treat-
ment was superior to pharmacotherapy in decreas-
ing stroke/TIA and new onset congestive heart fail-
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ure. More patients had sinus rhythm in the ablation
group than in the pharmacotherapy group, but few-
er patients were on antiarrhythmic drugs and anti-
coagulant drugs.[43]
 

Ventricular Arrhythmia

Non-sustained ventricular tachycardia (NSVT) is
a common asymptomatic arrhythmia in clinical
practice. Its clinical significance depends on poten-
tial heart disease or structural heart disease. Within
48 h of AMI, 45% of patients develop NSVT, but it
does not increase the risk of long-term death. The
incidence of NSVT ranges from 5% to 10% from 48
hours after myocardial infarction to the first month.
Multivariate analysis showed that NSVT doubled
the overall mortality and the risk of sudden death.
NSVT associated risk is higher in patients with de-
creased left ventricular function.[44]

The incidence of NSVT in patients with HCM
ranges from 20% to 30%. The annual sudden death
rate in HCM patients combined with NSVT is 8% to
10%, while the annual sudden death rate in pa-
tients without NSVT is 1%. Obstructive sleep apnea
(OSA) is independently associated with NSVT in
patients with hypertrophic obstructive cardiomy-
opathy. NSVT is a risk factor for sudden cardiac
death (SCD) and CVD death, and the prevalence of
NSVT increases with the severity of OSA.[45]

The incidence of asymptomatic NSVT in patients
with dilated cardiomyopathy (DCM) is as high as
40%–70%. DCM patients with left ventricular dys-
function are likely to develop NSVT and the risk of

SCD is also high. But for DCM patients with com-
pensatory cardiac function, NSVT is detected in
only 5% of them and there is no adverse prognosis.
Both the incidence of NSVT and the risk of SCD in-
crease with the progressive decline of LVEF.[44]

Frequent ventricular premature complex (VPC) is
a key factor for significant left ventricular dilatation
and dysfunction. Right bundle branch block (OR =
143.9, P < 0.001) and VPC burden > 20% (OR = 132.6,
P < 0.001) are risk factors for left ventricular en-
largement. Left ventricular enlargement is revers-
ible after catheter ablation or medication.[46]
 

RADIOFREQUENCY CATHETER ABLATION

RFCA has been widely used in more than 600 hos-
pitals in China. According to the data from Nation-
al Ar-rhythmia Intervention Quality Control Cen-
ter, the procedures of RFCA had been increasing
rapidly from 2009 to 2021 (Figure 3), with an annu-
al growth rate between 13.2% and 17.5%. Based on
the data from Direct Re-porting System for Inter-
ventional Treatment of Arrhythmia in China, the
procedures of RFCA in 2021 were 210,609, which in-
creased by 34% in comparison with the estimates in
2019 and reached 154 procedures per million popu-
lation. According to the data from national AF re-
gistry research network platform, the proportion of
RFCA for treatment of AF increased annually in
China, accounting for 31.9%, 33.0%, 32.2% and 46.4%
of the total ablations from 2018 to 2021, respect-
ively (Figure 4). 

 

Figure 3    Annual procedures of RFCA in China (2009–2021).
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SUDDEN CARDIAC DEATH
 

Incidence

A retrospective study reviewed medical records
from 11 regions in Xinjiang with different ethnicit-
ies (Han, Uygur, Kazakh and Hui). [47] Among
3,224,103 residents, there were 1244 events of SCD.
The overall incidence of SCD was 38.6 per 100,000
residents. Men had an increased risk of SCD com-
pared with women (age-adjusted standardized risk
ratio [SRR] = 1.75, 95% CI: 1.10–2.79). SCD was as-
sociated with age. The risk of SCD was highest in
residents of the Uygur (SRR = 1.59, 95% CI: 1.05–
2.42) and Kazakh (SRR = 1.92, 95% CI: 1.29–2.87)
compared with that of the Han. Poor economic de-
velopment was associated with elevated risk of
SCD (SRR = 1.55, 95% CI: 1.02–2.38). 

Prevention of Sudden Cardiac Death

Chinese society of cardiology guidelines 2019 for
the diagnosis and management of patients with
STEMI proposed that the cardiac function and risk
of SCD in patients with STEMI should be re-evalu-
ated at 40 days (for those without complete revascu-
larization) or 90 days (for those with revasculariza-
tion) after MI. Primary prevention for SCD is re-
commended for patients 40 days after STEMI who
have been on the optimal medications but still have
clinical HF [New York Heart Association (NYHA)
cardiac function grade II-III], LVEF ≤ 35% and a life
expectancy of more than 1 year, or who have been
on the optimal medications but still have mild
symptoms of HF (NYHA cardiac function grade I),
LVEF ≤ 30% and a life expectancy of more than one

year.[48] A prospective, multi-center trial in China in-
cluded 2618 primary prevention (PP) patients who
were followed for a mean of 20.8 months. The study
results revealed that PP patients who received car-
diac resynchronization therapy-defibrillator (CRT-
D) therapy had a 58% risk reduction in mortality
compared with those without implantation. PP pa-
tients with an ICD indication had a 43% risk reduc-
tion in mortality with an ICD implantation com-
pared with no implantation.[49]

The term of “1.5 PP” was proposed by Chinese
scholars and have been recognized internationally
in recent years. Patients with one or more of the fol-
lowing risk factors: syncope or presyncope, LVEF <
25%, NSVT, and frequent premature ventricular
contractions (PVC, ≥ 10/h) were identified as “1.5
PP” patients. They are at a high risk of SCD and
should be prioritized for implantation of ICD. A
prospective study indicated that the “1.5 PP” pa-
tients with an ICD had a statistically significant 49%
adjusted relative risk reduction in all-cause mortal-
ity when compared with 1.5 PP patients without an
ICD.[50]
 

Prevention of Sudden Cardiac Death by ICD

According to the data from Direct Reporting Sys-
tem for Interventional Treatment of Arrhythmia in
China, 6547 patients were treated with ICD in 2021,
which increased by 36% compared with the estim-
ates in 2020 and reached 4 procedures per million
population (Figure 5). The procedures of dual-
chamber ICD were 2876, accounting for 44% of the
total ICD implantations in 2021 (Figure 6).

A multi-center, prospective study enrolled 798

 

Figure 4    Proportion of diseases treated by RFCA in China, 2021. RFCA: radiofrequency catheter ablation.
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patients with ICD, CRT-P and CRT-D implantation.
The mean follow-up time was 27.7 months. No dif-
ferences in all-cause death were observed between
the CRT-D and CRT-P groups, but the CRT-P group
had a much higher SCD rate (8.0%) than the CRT-D
group (3.3%) and ICD group (2.0%).[51]
 

HEREDITARY ARRHYTHMIA
 

Long QT syndrome

Mutations in more than 15 genes have been iden-
tified to cause long QT syndrome (LQTS). Among
230 patients with a clinical diagnosis of LQTS from
10 hospitals in China, the main subtypes LQT1
(KCNQ1 mutation), LQT2 (KCNH2 mutation) and
LQT3 (SCN5A mutation) accounted for 37%, 48% and
2%, respectively.[52] A total of 59 patients diagnosed

with LQTS (56% males) were included in a retrospec-
tive review in Hong Kong, with a mean age of 8.2
years at presentation. Concomitant congenital heart
disease was present in 8.5% of these patients. The 1-,
5-, and 10-year breakthrough cardiac event-free
rates were 93.0%, 80.7%, and 72.6%, respectively.[53]
 

Short QT Syndrome

Short QT syndrome (SQTS) is a rare inherited ion
channelopathy in clinical practice. It is likely to trig-
ger AF, ventricular tachyarrhythmia, and SCD. Five
pathogenic genes have been reported in patients
with SQTS. Study in a Chinese family indicated that
among 14 family members, 4 were diagnosed as
SQTS and 4 died of SCD at young ages.[54]
 

Brugada Syndrome

Brugada syndrome is an acquired or inherited ion

 

Figure 5    Annual ICD implantation in China (2002–2021). ICD: implantable cardioverter defibrillator.
 

Figure 6    Proportion of single/dual chamber ICD implantation in China (2012–2021). ICD: implantable cardioverter defibrillator.
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channelopathy characterized by persistent ST-seg-
ment elevation in the precordial leads (V1-V3), right
bundle branch block, and susceptibility to ventricu-
lar arrhythmias and SCD. It is associated with
mutations in at least 12 ion channel related genes. A
study reviewed the data of 182 patients with Bruga-
da syndrome published in domestic journals from
January 1998 to June 2013. Age of Brugada syn-
drome involved broadly, with a high prevalence in
the middle-aged and young adults, with male pre-
dominance and syncope as its main clinical mani-
festation. The positive rates of drug provocation test
and electrophysiological examination were high.
Therapy status was poor and the rate of ICD im-
plantation was low, and the sudden death rate was
high.[55]
 

Catecholaminergic Polymorphic Ventricular Ta-
chycardia

Catecholaminergic polymorphic ventricular ta-
chycardia (CPVT) is a ventricular arrhythmia in-
duced by epinephrine with hereditary features. It is
characterized by syncope or sudden death. One of
the typical clinical manifestations is bidirectional
ventricular tachycardia induced by exercise or cat-
echolamine (such as emotional stress or isoproter-
enol and the like). The pathogenic mutations of
CPVT include the most common RYR2 (CPVT1),
less common CASQ2 (CPVT22), and others, such as
KCNJ2 (CPVT3), TRDN, ANK2 and CALM1. A
total of 12 CPVT cases were involved in a study in
China. The mean age at the onset of CPVT symp-
toms was (8.4 ± 3.2) years, and two thirds of the pa-
tients were male. Genetic test was performed in 11
cases and RYR2 gene mutation was identified in 9
patients (82%). During the follow-up period of (0.92
± 0.80) years, 1 patient died suddenly.[56]
 

Early Repolarization Syndrome

Early repolarization syndrome (ERS) is character-
ized by an early repolarization pattern in the inferi-
or and/or lateral leads on the 12-lead ECG. It is as-
sociated with an increased risk of sudden cardiac
arrest or ventricular tachycardia/ventricular fibril-
lation. Analysis was performed on the ECG pattern
of 1,215 college athletes from competitive sports
major. The prevalence of ERS was 35.9%. It was
higher in males than in females. The pattern was

mostly present in inferior leads, and the QRS com-
plex was mostly manifested as a notching morpho-
logy.[57]
 

NEW TECHNOLOGIES IN THE FIELD OF
ARRHYTHMIAS

Cardiac contractility modulation (CCM) is
primarily used in patients with heart failure and
normal QRS interval (< 120 ms) to improve exercise
tolerance and quality of life. The first CCM in China
was successfully implanted in Fuwai Hospital on
December 30, 2014. As of May 2016, a total of 8 CCM
had been implanted at 5 centers in China. Results of
6-month follow-up showed that the safety of CCM
implantation was reliable. Compared with baseline,
the NYHA cardiac function grade, 6-min hall walk
test (6MHW), and Minnesota Living with Heart
Failure (MLWHF) quality of life scores were signi-
ficantly improved.[58]

A subcutaneous implantable cardioverter defibril-
lator (S-ICD) was successfully implanted in Fuwai
Hospital for the first time in China on December 23,
2014. This device is mainly used for the patients
with indications of ICD implantation but without
appropriate venous access or with high risk of in-
fection. In addition, S-ICD should be considered as
an alternative to transvenous ICD for patients with
indications of ICD implantation but without the
need for cardiac pacing, cardiac resynchronization
therapy (CRT), or anti-tachycardia pacing (ATP).

REFERENCES 

 Feng TJ, Weng SX, Zhou B, et al. [Analysis of causes of
early and mid-term infections in cardiac rhythm devic-
es]. Zhongguo  Fenzi  Xinzangbingxue  Zazhi 2020;  20:
3464–3468. [Article in Chinese].

[1]

 Wang QQ, Su YG, Miao Q, et al. [Clinical characterist-
ics and prognostic factors of 79 cases of cardiovascular
implantable  electronic  device  infection]. Zhonghua  Yi
hyphenyuan  Ganranxue  Zazhi  2019;  29:  1993–1999.
[Article in Chinese].

[2]

 Lin GF, Zou T, Dong M, et al. Risk stratifying and pro-
gnostic analysis of subclinical cardiac implantable elec-
tronic devices  infection:  insight  from  traditional  bac-
terial culture. J Am Heart Assoc 2021; 10: e022260.

[3]

 Li C, Chen KP, Dai Y, et al. [Analysis of risk factors for
cardiac pacemaker lead-related venous occlusion]. Zho-
nghua Xinlüshichangxue Zazhi 2019; 23: 524–529. [Art-
icle in Chinese].

[4]

 Liu  YM,  Cao  Y,  Xu  ZM, et  al. Influence of  dual  anti-
platelet  therapy  on  pocket  bleeding  complications  at
the time of pacemaker implantation. Asian J Surg 2022;

[5]

JOURNAL OF GERIATRIC CARDIOLOGY CARDIOVASCULAR HEALTH AND
DISEASES IN CHINA (2022)

710 http://www.jgc301.com; jgc@jgc301.com  

https://doi.org/10.1161/JAHA.121.022260
https://doi.org/10.1016/j.asjsur.2022.01.054


45: 1053−1054.
 Tong L, Xiong SQ, Hou J, et al. Cloud follow-up in pa-
tients  with cardiovascular  implantable  electronic  devi-
ces:  a  single-region  study  in  China. Front  Cardiovas
Med 2022; 9: 864398.

[6]

 Chen  X,  Liu  HX,  Lin  T, et  al. Clinical  use  of  real-time
remote programming in  pacemakers  during  the  COV-
ID-19  pandemic:  a  case  report. Pacing Clin  Electro-
physiol 2022; 45: 815−817.

[7]

 Ning XH,  Li  XF,  Fan XH, et  al. 3. 0 T  magnetic  reson-
ance imaging scanning on different body regions in pa-
tients with pacemakers. J Interv Cardiac Electrophysiol
2021; 61: 545−550.

[8]

 Li  XF,  Li  H,  Ma  WT, et  al. Permanent  left  bundle
branch area  pacing  for  atrioventricular  block:  feasibil-
ity,  safety,  and  acute  effect. Heart  Rhythm 2019; 16:
1766−1773.

[9]

 Zhang  JM,  Wang  ZF,  Zu  LN, et  al. Simplifying
physiological  left  bundle  branch  area  pacing  using  a
new  nine-partition  method. Can  J  Cardiol 2021; 37:
329−338.

[10]

 Liu X, Niu HX, Gu M, et al. Contrast-enhanced image-
guided lead deployment for left bundle branch pacing.
Heart Rhythm 2021; 18: 1318−1325.

[11]

 Hua W, Fan XH, Li XF, et al. Comparison of left bundle
branch and his  bundle pacing in bradycardia patients.
JACC Clin Electrophysiol 2020; 6: 1291−1299.

[12]

 Peng XY, Chen Y, Wang XF, et al. Safety and efficacy of
his-bundle  pacing/left  bundle  branch  area  pacing
versus  right  ventricular  pacing:  a  systematic  review
and meta-analysis. J Interv Cardiac Electrophysiol 2021;
62: 445−459.

[13]

 Qu  Q,  Sun  JY,  Zhang  ZY, et  al. His-purkinje conduc-
tion  system  pacing:  a  systematic  review  and  network
meta-analysis  in  bradycardia  and  conduction  disord-
ers. J Cardiovasc Electrophysiol 2021; 32: 3245−3258.

[14]

 Yuan ZY, Cheng LT, Wu YQ, et al. Meta-analysis com-
paring  safety  and  efficacy  of  left  bundle  branch  area
pacing  versus  his  bundle  pacing. Am  J  Cardiol 2022;
164: 64−72.

[15]

 Chen XY, Jin QC, Bai J, et al. The Feasibility and Safety
of Left  Bundle Branch Pacing vs Right  Ventricular  Pa-
cing after Mid-Long-Term Follow-Up: A Single-Centre
Experience. Europace 2020; 22: ii36−ii44.

[16]

 Li  XF,  Zhu  HJ,  Fan  XH, et  al. Tricuspid  regurgitation
outcomes in  left  bundle  branch  area  pacing  and  com-
parison  with  right  ventricular  septal  pacing. Heart
Rhythm 2022; 19: 1202−1203.

[17]

 Liu  X,  Li  WB,  Zeng  JP, et  al. Evaluation  of  clinical
safety and efficacy of left bundle branch area pacing in
comparison with right ventricular septal pacing. Medi-
cine 2022; 101: e29071.

[18]

 Wang Z, Zhu HJ, Li XF, et al. Left bundle branch area
pacing versus right ventricular pacing in patients with
persistent atrial  fibrillation  requiring  ventricular  pa-
cing. Pacing Clin Electrophysiol 2021; 44: 2024−2030.

[19]

 Zhu HJ, Wang Z, Li XF, et al. The Initial experience of
left bundle branch area pacing in patients with hyper-
trophic  cardiomyopathy. Pacing  Clin  Electrophysiol
2022; 45: 1065−1074.

[20]

 Feng TJ, Song GY, Zhao J, et al. [Clinical application of
left  bundle  branch  pacing  after  transcatheter  aortic
valve  implantation]. Zhonghua  Xinzangbingxue  Zazhi
2022; 50: 142–149. [Article in Chinese].

[21]

 Zhang JF, Pan YW, Wang B, et al. Current opinions on
new-onset  left  bundle  branch  block  after  transcatheter
aortic valve  replacement  and  the  search  for  physiolo-
gical pacing. Rev Cardiovasc Med 2022; 23: 90.

[22]

 Su L, Wang SJ, Wu SJ, et al. Long-term safety and feas-
ibility  of  left  bundle  branch  pacing  in  a  large  single-
center  study. Circ  Arrhythm  Electrophysiol 2021; 14:
e009261.

[23]

 Wu SJ,  Chen XY, Wang SJ, et  al. Evaluation of the cri-
teria to distinguish left bundle branch pacing from left
ventricular  septal  pacing. JACC  Clin  Electrophysiol
2021; 7: 1166−1177.

[24]

 Chen  X,  Qian  ZY,  Zou  FW, et  al. Differentiating  left
bundle branch  pacing  and  left  ventricular  septal  pa-
cing:  an  algorithm  based  on  intracardiac  electrophy-
siology. J Cardiovasc Electrophysiol 2022; 33: 448−457.

[25]

 Wang JW, Wang LX, Wu YY, et al. [Study on the Clinic-
al Application  of  Micra  Leadless  Pacemaker  in  68  Pa-
tients  with  Bradyarrhythmia]. Zhongguo  Linchuang
Yisheng Zazhi 2022; 50: 49–51. [Article in Chinese].

[26]

 Zhang JH, He L, Xing Q, et al. Evaluation of safety and
feasibility of  leadless  pacemaker  implantation  follow-
ing the removal of an infected pacemaker. Pacing Clin
Electrophysiol 2021; 44: 1711−1716.

[27]

 Xiong QM, Hu JZ, Zhou QQ, et al. Successful implanta-
tion of leadless pacemaker in a patient with giant right
atrium and tricuspid valve  stenosis. Ann Noninvasive
Electrocardiol 2022; e12905.

[28]

 Zhang  LD,  Lin  WH,  Wang  HJ, et  al.  [Case  report  of
leadless  pacemaker  implantation  after  tricuspid  valve
replacement in Ebstein’s anomaly]. Zhongguo Xinzang
Qibo Yu Xin Dian Shengli Zazhi 2021; 35: 607. [Article
in Chinese].

[29]

 Shi  SB,  Tang YH, Zhao QY, et  al. Prevalence and Risk
of  Atrial  Fibrillation  in  China:  a  National  Cross-Sec-
tional Epidemiological  Study. Lancet Reg Health West
Pac 2022; 23: 100439.

[30]

 Hu LC, Cai TJ, Jin LY, et al. [Analysis of risk factors for
persistent  atrial  fibrillation  in  obese  patients]. Zhong-
guo Xinzang Qibo Yu Xin Dian Shengli Zazhi 2019; 33:
526–528. [Article in Chinese].

[31]

 Zhou ZQ, Hu DY, Chen J, et al. [Epidemiological study
on  the  current  status  of  atrial  fibrillation  in  China].
Zhonghua  Neike  Zazhi 2004;  43:  15–18.  [Article  in
Chinese].

[32]

 Wu L, Liang E, Fan SY, et al. Relation of left  atrial ap-
pendage morphology  determined  by  computed  tomo-
graphy to prior stroke or to increased risk of stroke in
patients with atrial fibrillation. Am J Cardiol 2019; 123:
1283−1286.

[33]

 Chang  SS,  Dong  JZ,  Ma  CS, et  al. Current  status  and
time trends of  oral  anticoagulation use among chinese
patients with nonvalvular atrial fibrillation: the Chinese
atrial  fibrillation registry  study. Stroke 2016; 47: 1803−
1810.

[34]

 Bai  Y,  Liu  XY,  Liu  Y, et  al. Prevalence of  Recommen-
ded  Anticoagulation  by  Guidelinespreadmission  and
Its Impact on the Incidence of Acute Myocardial Infarc-
tion (AMI) and In-Hospital Outcomes after AMI in At-
rial  Fibrillation Patients. J  Thromb Thrombolysis 2022;
54: 91−96.

[35]

 Guo YT, Wang YT, Shan ZL, et al. [One-Year Results of
the Chinese Elderly Atrial Fibrillation Optimized Anti-
coagulation  Management  Registry  Study]. Zhonghua

[36]

CARDIOVASCULAR HEALTH AND
DISEASES IN CHINA (2022) JOURNAL OF GERIATRIC CARDIOLOGY

  http://www.jgc301.com; jgc@jgc301.com 711

https://doi.org/10.3389/fcvm.2022.864398
https://doi.org/10.3389/fcvm.2022.864398
https://doi.org/10.1111/pace.14461
https://doi.org/10.1111/pace.14461
https://doi.org/10.1111/pace.14461
https://doi.org/10.1016/j.hrthm.2019.04.043
https://doi.org/10.1016/j.cjca.2020.05.011
https://doi.org/10.1016/j.hrthm.2021.04.015
https://doi.org/10.1016/j.jacep.2020.05.008
https://doi.org/10.1007/s10840-021-00998-w
https://doi.org/10.1111/jce.15269
https://doi.org/10.1016/j.amjcard.2021.10.025
https://doi.org/10.1093/europace/euaa294
https://doi.org/10.1016/j.hrthm.2022.03.005
https://doi.org/10.1016/j.hrthm.2022.03.005
https://doi.org/10.1111/pace.14394
https://doi.org/10.1111/pace.14563
https://doi.org/10.31083/j.rcm2303090
https://doi.org/10.1161/CIRCEP.120.009261
https://doi.org/10.1016/j.jacep.2021.02.018
https://doi.org/10.1111/jce.15350
https://doi.org/10.1111/pace.14346
https://doi.org/10.1111/pace.14346
https://doi.org/10.1016/j.amjcard.2019.01.024
https://doi.org/10.1161/STROKEAHA.116.012988
https://doi.org/10.1007/s11239-021-02622-0


Xinlixue  Zazhi 2020;  24:  351–356.  [Article  in  Chinese].
 Chinese  Medical  Association  Cardiovascular  Disease
Branch. [Chinese Expert Consensus on Antithrombotic
Management  in  Patients  with  Coronary  Heart  Disease
and Atrial Fibrillation]. Zhonghua Xinlixue Zazhi 2020;
48: 552–564. [Article in Chinese].

[37]

 Zhu  L,  Zhang  XD,  Wang  J, et  al. Analysis of  influen-
cing  factors  of  compliance  with  non-vitamin K  antag-
onist  oral  anticoagulant  in  patients  with  nonvalvular
atrial  fibrillation  and  correlation  with  the  severity  of
ischemic stroke. Evid Based Complement Alternat Med
2021; 2021: 1021127.

[38]

 Shi SB, Liu T, Kong B, et al. [Real-world study on per-
cutaneous  left  atrial  appendage  occlusion  in  Chinese
atrial  fibrillation  patients]. Zhonghua  Xinlixue  Zazhi
2020; 24: 265–269. [Article in Chinese].

[39]

 Huang  CX,  Zhang  S,  Ma  CS, et  al.  [Chinese  Registry
Study on Catheter Ablation for Atrial Fibrillation-2008].
Zhonghua Xinlixue Zazhi 2011; 15: 247–251. [Article in
Chinese].

[40]

 Liu  Y,  Zhan  XZ,  Xue  YM, et  al. Incidence and  out-
comes of  cerebrovascular  events  complicating catheter
ablation for atrial fibrillation. Europace 2016; 18: 1357−
1365.

[41]

 Zhang T,  Wang YL,  Liang Z, et  al. Effect  of  combined
pulmonary  vein  and  superior  vena  cava  isolation  on
the  outcome  of  second  catheter  ablation  for  paroxys-
mal  atrial  fibrillation. Am  J  Cardiol 2020; 125: 1845−
1850.

[42]

 Wu G, Huang H, Cai  L, et  al. Long-Term Observation
of Catheter Ablation vs. Pharmacotherapy in the Man-
agement of Persistent and Long-Standing Persistent At-
rial Fibrillation (CAPA Study). Europace 2021; 23: 731−
739.

[43]

 Chinese Medical Association Electrocardiology and Pa-
cing Branch,  Chinese  Society  of  Pacing  and  Electro-
physiology. [2020 Chinese Expert Consensus on Ventri-
cular  Arrhythmias (2016 Consensus Upgrade)]. Zhong
hyphenhua Xinlixue Zazhi 2020; 24: 188–258. [Article in
Chinese].

[44]

 Wang  SW,  Cui  H,  Song  CP, et  al. Obstructive  sleep
apnea is  associated  with  nonsustained  ventricular  ta-
chycardia  in  patients  with  hypertrophic  obstructive
cardiomyopathy. Heart Rhythm 2019; 16: 694−701.

[45]

 Chen B, Li JY, Li SJ, et al. Risk factors for left ventricle
enlargement in children with frequent ventricular pre-
mature complexes. Am J Cardiol 2020; 131: 49−53.

[46]

 Zhang JH, Zhou XH, Xing Q, et al. Epidemiological in-
vestigation of sudden cardiac death in multiethnic xin-

[47]

jiang  uyghur  autonomous  region  in  Northwest  China.
BMC Public Health 2019; 19: 116.
 Chinese  Medical  Association  Cardiovascular  Disease
Branch. [Guidelines for the Diagnosis and Treatment of
Acute  ST-Segment  Elevation  Myocardial  Infarction
(2019)]. Zhonghua  Xinlixue  Zazhi 2019;  47:  766–783.
[Article in Chinese].

[48]

 Ching CK, Hsieh YC, Liu YB, et al. The mortality ana-
lysis of primary prevention patients receiving a Cardi-
ac Resynchronization Defibrillator (CRT-D) or Implant-
able  Cardioverter-Defibrillator  (ICD)  According  to
Guideline  Indications  in  the  IMPROVE  SCA  Study. J
Cardiovasc Electrophysiol 2021; 32: 2285−2294.

[49]

 Zhang S, Ching CK, Huang DJ, et al. Utilization of im-
plantable  cardioverter-defibrillators  for  the  prevention
of sudden  cardiac  death  in  emerging  countries:  IM-
PROVE  SCA  clinical  trial. Heart  Rhythm 2020; 17:
468−475.

[50]

 Huang  D,  Hua  W,  Fang  Q, et  al. Biventricular pace-
maker  and  defibrillator  implantation  in  patients  with
chronic heart failure in China. ESC Heart Failure 2021;
8: 546−554.

[51]

 Gao  YF,  Liu  WL,  Li  CL, et  al. Common  genotypes  of
long QT syndrome in  China  and the  role  of  ECG pre-
diction. Cardiology 2016; 133: 73−78.

[52]

 Kwok SY, Liu APY, Chan CY, et al. Clinical and genet-
ic  profile  of  congenital  long  QT  syndrome  in  Hong
Kong:  a  20-year  experience  in  pediatrics. Hong  Kong
Med J 2018; 24: 561−570.

[53]

 Liu  G,  Guo  JH,  Zhang  P, et  al.  [Clinical  Study  on  a
Family  with  Short  QT Syndrome]. Zhonghua  Xinlixue
Zazhi 2009; 37: 248–252. [Article in Chinese].

[54]

 Meng  J,  Lei  J,  Fang  C, et  al.  [Clinical  Analysis  of
Brugada Syndrome in Chinese Patients]. Zhongguo Xin
hyphenzhang Qibo Yu Xindian Shenglixue Zazhi 2015;
29: 121–127. [Article in Chinese].

[55]

 Jiang  H,  Li  XM,  Ge  HY, et  al. Investigation of  Cat-
echolaminergic  Polymorphic  Ventricular  Tachycardia
in  Chinese  Children:  Clinical  Characteristics,  Delay  to
Diagnosis,  and  Misdiagnosis. Chin  Med  J  (Engl) 2018;
131: 2864−2865.

[56]

 Cao XN, Li Y, Wang Y, et al. [Incidence and Analysis of
Early  Repolarization  in  Chinese  University  Athletes].
Zhongguo Xinzhang  Qibo  Yu  Xindian  Shenglixue  Za-
zhi 2015; 29: 102–105. [Article in Chinese].

[57]

 Hua W, Fan XH, Su YG, et al. The Efficacy and Safety
of  Cardiac  Contractility  Modulation  in  Patients  with
Nonischemic Cardiomyopathy: Chinese Experience. Int
J Heart Rhythm 2017; 2: 29−33.

[58]

Please cite  this  article  as: HU SS.  Disorders  of  cardiac  rhythm in China. J  Geriatr  Cardiol 2024;  21(7):  703−712.  DOI:  10.26599/1671-
5411.2024.07.012

JOURNAL OF GERIATRIC CARDIOLOGY CARDIOVASCULAR HEALTH AND
DISEASES IN CHINA (2022)

712 http://www.jgc301.com; jgc@jgc301.com  

https://doi.org/10.1093/europace/euv356
https://doi.org/10.1016/j.amjcard.2020.03.030
https://doi.org/10.1016/j.hrthm.2018.12.017
https://doi.org/10.1016/j.amjcard.2020.06.042
https://doi.org/10.1186/s12889-019-6435-8
https://doi.org/10.1111/jce.15149
https://doi.org/10.1111/jce.15149
https://doi.org/10.1016/j.hrthm.2019.09.023
https://doi.org/10.1002/ehf2.13114
https://doi.org/10.1159/000440608
https://doi.org/10.4103/IJHR.IJHR_13_16
https://doi.org/10.4103/IJHR.IJHR_13_16

	BRADYARRHYTHMIA
	Pacemaker Implantation
	His-Purkinje System Pacing in China
	Leadless Pacemaker Implantation in China

	TACHYARRHYTHMIA
	Atrial Fibrillation
	Epidemiology
	Prevention of thrombosis in atrial fibrillation
	Catheter ablation of atrial fibrillation

	Ventricular Arrhythmia

	RADIOFREQUENCY CATHETER ABLATION
	SUDDEN CARDIAC DEATH
	Incidence
	Prevention of Sudden Cardiac Death
	Prevention of Sudden Cardiac Death by ICD

	HEREDITARY ARRHYTHMIA
	Long QT syndrome
	Short QT Syndrome
	Brugada Syndrome
	Catecholaminergic Polymorphic Ventricular Tachycardia
	Early Repolarization Syndrome

	NEW TECHNOLOGIES IN THE FIELD OF ARRHYTHMIAS
	REFERENCES

