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Cardiovascular implantable electronic devices (CIEDs) 
are widely used in the modern era. Every year, about 730,000 
permanent pacemakers and 330,000 CIEDs are implanted 
worldwide. CIEDs have been known to increase the life 
expectancy of millions of people and improve their quality 
of life by controlling the heart rate and atrioventricular and 
interventricular synchronization and preventing sudden cardiac 
death.[1] The tricuspid valve consists of the annulus, leaflets, 
  chordae tendineae, and papillary muscles. Interaction between 
the endocardial lead and any component of this structure 
can lead to tricuspid valve dysfunction, thereby resulting in 
tricuspid regurgitation (TR).[2] CIED-related TR has been 
shown to be an independent predictor of hospitalization for 
heart failure.[3,4]

In this study, we reviewed the records of patients who had 
a CIED inserted in our hospital and used three-dimensional 
(3D) echocardiography to locate the relative position of the 
endocardial lead to the tricuspid valve, in order to investigate 
the factors and mechanisms infl uencing device lead-related TR. 

METHODS
Study design

This study included patients who experienced moderate 
or severe TR following CIED implantation in our hospital 
from January 2018 to December 2021. Ethical approval was 
obtained from the research ethics committee of the hospital.

All eligible patients had indications for CIED placement. 
Patients were excluded for any of the following reasons: 
cardiogenic shock or those scheduled for cardioversion 
within 24 h after the procedure; patients with a history of 
pulmonary embolism, heart surgery, dialysis, acute coronary 
artery syndrome, or revascularization. After applying similar 
inclusion criteria, controls who experienced mild TR following 

CIED implantation were matched (1:3) to cases according to 
age, sex, and index year.

Data collection
Patient demographic data and device information 

were collected from the electronic medical records using a 
standardized form. All the echo assessments were performed 
by a single investigator, and the acquired data were reanalyzed 
by another operator (blinded to the patients’ former results). 
TR was quantified in three grades (mild, moderate, and 
severe) using the classical variables of regurgitant volume 
calculated using the proximal isovelocity surface area method. 
The device lead position at the level of the tricuspid annulus 
was identified using 3D images obtained from the apical 
4-chamber view.

Statistical analysis
Continuous data are presented as the mean±standard 

deviation (SD), while categorical variables are shown as 
frequencies (percentages). Differences between two groups 
were assessed using Student’s t-test for continuous variables 
and Chi-square test for categorical variables. Logistic 
regression was used to estimate the association between 
CIEDs and TR and to calculate the odds ratios (ORs) and 
95% confi dence intervals (CIs). The kappa (κ) coeffi  cient was 
calculated to determine interobserver agreement. Statistical 
signifi cance was set at a P-value <0.05. All statistical analyses 
were performed using SPSS version 20 (SPSS Inc., USA). 

RESULTS
Clinical and two-dimensional (2D) 
echocardiographic features

Overall, 35 patients (the moderate and severe TR group) 
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and 105 controls (the mild TR group) were included in the 
analysis. The baseline clinical characteristics of the study 
sample were presented in supplementary Table 1. Most 
patients exhibited New York Heart Association (NYHA) class 
II symptoms, and approximately half of the patients had sinus-
node dysfunction.

The 2D echocardiographic characteristics were compared 
in supplementary Table 2. No significant differences 
between pre- and post-implantation echocardiograms were 
observed in the mild TR group, indicating preservation of 
cardiac structure and function following CIED implantation. 
Nevertheless, structural parameters, including the left 
atrium area, right atrium area, right ventricular diameter, 
and subsequent pulmonary artery systolic pressure, were 
signifi cantly increased in the moderate and severe TR group. 
Perfect interobserver (κ=0.93) agreement was achieved for 
echocardiography measurements.

Device information and 3D   echocardiographic 
characteristics

Device information and 3D echocardiographic 
characteristics were presented in supplementary Table 3. The 
majority of patients in the moderate and severe TR group 
received ventricular pacing or implantable cardioverter-
defibrillator (ICD) implantation, whereas most patients in 
the mild TR group received dual-chamber pacing (P<0.01). 
Furthermore, 3D echocardiography revealed that patients with 
moderate or severe TR had a significantly greater incidence 
of interfering leads than those with mild TR. Approximately 
65.7% of patients who developed moderate or severe TR 
had lead-leaflet interference, while this rate was only 10.5% 

Figure 1. Three-dimensional echocardiography depicts the location of the device lead (A to D: representative images from the mild TR group; E to 
G: representative images from the moderate and severe TR group) and lead tips (H and I: representative images of lead tips from the mild TR group; 
J: representative image from the moderate and severe TR group). M: device lead in the middle of the valve; AP: device lead in the anteroposterior 
commissure; AS: device lead in the anteroseptal commissure; PS: device lead in the posterior-septal commissure; A: anterior leafl et impingement; S: septal 
leafl et impingement; P: posterior leafl et impingement; IVS: interventricular septal; RVOT: right ventricular outfl ow tract. 

Table 1. Association between the cardiovascular implantable 
electronic devices and tricuspid regurgitation
Variables Odds ratios 95% confi dence interval P-value
Atrial fi brillation 1.814 1.731–1.897 0.009
Device types
  VVI 1.811 1.732–1.890 0.010
  DDD 0.358 0.218–0.497 0.008
  ICD 1.790 1.713–1.867 0.012
Device lead locations
  Inter-leafl et 0.440 0.298–0.582 0.006
  A 1.761 1.687–1.835 0.015
  P 1.811 1.739–1.884 0.013
  S 1.792   1.722–1.863 0.009
VVI: ventricular sensing, ventricular pacing, and ventricular inhibition; 
DDD: dual-chamber sensing, dual-chamber pacing, and dual-chamber 
triggering/inhibition; ICD: implantable cardioverter defibrillator; A: 
anterior leaflet impingement; P: posterior leaflet impingement; S: septal 
leafl et impingement.
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in patients with mild TR. The posterior leaflet was most 
commonly affected, followed by the septal leaflet. In both 
groups, the anterior leafl et was the least aff ected. Representative 
images were shown in Figure 1. Notably, the location of the 
lead tip did not diff er signifi cantly between the groups.

Predictors of CIED-related TR
The associations between CIEDs and TR were shown in 

Table 1. An increase in risk was observed with atrial fi brillation 
involving forward rotation (OR 1.814, 95% CI 1.731–1.897). 
In addition, we investigated the associations with device 
information. A modest increase in risk was observed who 
underwent single-chamber pacemaker (OR 1.811, 95% CI 
1.732–1.890) and ICD implantation (OR 1.790, 95% CI 1.713–
1.867). The association between device lead location and TR 
was examined. Reduced risks were observed for the presence 
of inter-leafl et lead (OR 0.440, 95% CI 0.298–0.582).



http://wjem.com.cn

405World J Emerg Med, Vol 13, No 5, 2022

DISCUSSION
In this retrospective study, we evaluated the presence 

of TR following CIED implantation by using 3D 
echocardiography. Our results indicated that atrial fi brillation, 
device type, and interfering leads were associated with post-
implantation TR. We did not observe any difference in TR 
severity in relation to the lead tip location.

The present study showed the useful application of 3D 
transthoracic echocardiography in the identifi cation of device 
lead-related TR. By allowing a more detailed assessment 
of the tricuspid valve and its subvalvular apparatus, 3D 
was found to be superior to 2D echocardiography in the 
evaluation of tricuspid valve pathology.[5,6] An en face 
view of the tricuspid valve leaflets from both the atrial and 
ventricular aspects can be obtained by 3D echocardiography, 
allowing the evaluation of all three leafl ets from the base to 
the tip, including the posterior leafl et.[7]

We also found that interfering lead was a major 
contributor to post-implantation TR. The posterior and 
septal leaflets were most likely impinged on by device 
leads, resulting in insufficient valve closure. A previous 
study indicated that the presence of an interfering lead was 
the most important factor associated with worsening TR, 
increasing the likelihood of developing moderate or severe 
TR by 15- and 11-fold, respectively.[8] As lead positions 
can be identified with 3D echocardiography, it could be an 
eff ective tool for detecting device lead-related TR in patients 
with CIEDs.

Patients with ventricular pacing and ICD implantation 
were more likely to develop considerable TR than those 
with dual-chamber pacing. These results agree with 
a prior study showing that dual-chamber pacing was 
superior to ventricular pacing in potentially attenuating 
electromechanical dyssynchrony and long-term cardiac 
function decline.[9] ICD leads to more fibrosis and hence 
more interference with the tricuspid valve results in higher 
TR.[3] Meanwhile, the transvalvular lead of the ICD may 
generate additional weight and rigidity to the tricuspid valve 
due to its calibre.[10]

Our findings revealed that preimplantation atrial 
fi brillation was involved in the presence of post-implantation 
TR. Some studies have reported that atrial fibrillation is 
associated with annular dilation and results in TR even in the 
absence of device leads.[11]

CONCLUSIONS
Preimplantation atrial fibrillation, device type, and 

interfering leads are associated with post-implantation 
TR. To better detect device lead-related TR, 3D 
echocardiography is recommended for patients with CIEDs.
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