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Abstract

Background: Right ventricular (RV) lead placement can worsen tricus-
pid regurgitation (TR). TR is known to be associated with lower survival 
irrespective of left ventricular ejection fraction (LVEF) or pulmonary 
hypertension (PH). Patients with chronic obstructive pulmonary disease 
(COPD) often have PH and pre-existent TR with higher morbidity and 
mortality from worsening TR. Prior studies are lacking to indicate if car-
diac resynchronization therapy (CRT) may be more beneficial in lessen-
ing TR in COPD patients. Therefore, we sought to study if patients with 
COPD will have less TR with CRT versus non-CRT devices.

Methods: We performed a retrospective, single-center analysis on 
154 COPD patients (mean age = 71.69 ± 10.58, males = 54.14%) that 
required single-chamber (n = 27), dual-chamber (n = 90), or CRT (n 
= 37) devices. TR severity, LVEF and right ventricular systolic pres-
sure (RVSP) were evaluated by two cardiologists in a blinded fashion. 
Analysis of variance (ANOVA) and Chi-square tests were applied for 
continuous and categorical variables respectively. The primary end-
point was a change in the severity of TR comparing pre-device versus 
post-device echocardiogram. Secondary endpoints included changes 
in LVEF and RVSP.

Results: COPD patients, who underwent a CRT device had a sig-
nificantly lower incidence of worsening TR (16%) when compared to 
single- (37%) (P = 0.001) and dual-chamber devices (30%) (P = 0.02). 
The increase in RVSP was similar between the groups. There was an 
expected improvement in LVEF in the CRT group.

Conclusions: COPD patients receiving a CRT device were least 

likely to have worsening TR, compared to single- or dual-chamber 
devices. Since both COPD and progression in TR may result in poor 
outcomes, our study may suggest that an upfront strategy of CRT 
rather than a single- or dual-chamber device may be more beneficial 
in COPD patients, especially with pre-existent TR.

Keywords: Tricuspid regurgitation; Chronic obstructive pulmonary 
disease; Cardiovascular implantable electronic device; Cardiac resyn-
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Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent, 
complex respiratory disease that can affect many organ sys-
tems in the body, including the cardiovascular system [1]. Pa-
tients with severe and non-severe COPD have been shown to 
have structural changes of the right heart, which can ultimately 
lead to the development of pulmonary hypertension (PH) [1]. 
Increasing COPD severity and hyperinflation of the lungs have 
also been associated with worsening tricuspid regurgitation 
(TR) severity [2]. Regardless of left ventricular (LV) function 
or pulmonary artery pressure, patients with TR are known to 
have a lower survival and higher mortality rates compared to 
those with a normal functioning tricuspid valve [3-5]. How-
ever, long-term prognosis and mortality rates can be further 
worsened in patients with diseases predisposed to elevated 
pulmonary artery pressures and TR, such as COPD. In addi-
tion to chronic lung disease, studies have also shown that the 
placement of cardiac device leads within the right ventricle can 
cause or worsen preexisting TR [6, 7].

Cardiovascular implantable electronic device (CIED)-me-
diated TR remains a growing concern as the number of cardiac 
device procedures continues to increase every year. According 
to Addetia et al, the prevalence of cardiac device-related TR 
has been reported to be as high as 45% [8]. Consequently, the 
incidence of CIED-mediated TR is expected to rise with the 
increasing rate of cardiac device implantations. The develop-
ment of TR following permanent pacemaker (PPM) and im-
plantable cardioverter-defibrillator (ICD) placement has been 
well established in the literature [8-14]. In extreme cases, pa-
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tients can develop severe TR leading to right ventricle fail-
ure that requires surgical treatment of the tricuspid valve [8, 
10]. Despite its rising prevalence, the exact mechanism for 
CIED-mediated TR is unknown. While some experts argue 
that device leads within the right ventricle cause physical dam-
age and deformity of the tricuspid valve, others believe it is 
due to functional valve abnormalities caused by pacing of the 
right ventricle. Despite this controversy, most experts agree 
that patients who develop or have worsening preexisting TR 
following right ventricular (RV) lead placement have worse 
outcomes and increased mortality [6, 7].

Unlike standard PPMs and ICDs, the effects of cardiac re-
synchronization therapy (CRT) devices on the tricuspid valve 
are not well understood. The cardiovascular benefits of CRT 
are well known and supported by multiple large clinical stud-
ies, including the MIRCALE ICD and MADIT-CRT trials [15, 
16]. CRT has been shown to have significant positive effects 
on right ventricle function and improvement of mitral regurgi-
tation (MR) after upgrading from RV pacing devices [17-19]. 
However, the effects of CRT on TR in patients with COPD are 
inconsistent based on the limited data currently available [7, 
20, 21]. Despite the benefits of CRT on LV dyssynchrony, MR, 
and right ventricle function, there are no prior studies to indi-
cate if CRT may be more beneficial in lessening TR in patient 
with COPD. Therefore, the main objective of this study was to 
determine if patients with COPD have less CIED-mediated TR 
with CRT versus non-CRT devices.

Materials and Methods

This is a single-center retrospective observational study per-
formed at the University of Tennessee Medical Center, Knox-
ville. The study was approved by the Institutional Review 
Board (IRB) at the University of Tennessee Graduate School 
of Medicine, Knoxville, TN with IRB number 4326. The study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as the Hel-
sinki Declaration.

The study included patients between July 2013 and Sep-
tember 2018 with the diagnosis of COPD that required either 
single-chamber, dual-chamber, or biventricular implantable 
subcutaneous pacemakers or defibrillators as clinically in-
dicated by the International Classification of Diseases, 10th 
Revision (ICD-10) codes. Patients had to have a pre-implan-
tation transthoracic echocardiogram (TTE) and greater than 
1-year post-implantation TTE. Each TTE was retrospectively 
reviewed for TR severity, left ventricular ejection fraction 
(LVEF), and right ventricular systolic pressure (RVSP). TR 
severity was determined using a combination color and con-
tinuous wave Doppler (CWD). Mild TR is defined with a small 
color jet, narrow vena contracta, and faint TR jet on CWD. 
While severe TR is defined by a large color jet, wide vena 
contracta, and dense parabolic jet on CWD.

A total of 445 patients with COPD and subcutaneous im-
plantable devices were reviewed during this study. Of the 445 
patients, 154 had both a pre and post echocardiograms meet-
ing inclusion criteria for this study. Basic demographics, TR 

severity, LVEF, and RVSP were collected and analyzed for 
each patient. One-way analysis of variance (ANOVA) test was 
used for continuous variables and Chi-square test was used for 
categorical variables. The primary endpoint was to access for 
change in severity of TR following device implantation. Sec-
ondary endpoints include change in LVEF and RVSP. Statisti-
cal analysis was performed using GraphPad Prism, Version 9.

Results

A total of 154 patients with COPD, subcutaneous implantable 
devices, and both a pre-device TTE and post-device TTE were 
included in this study (Table 1). Patients were divided into 
three groups based on the type of device that was implanted. 
Patients were placed in either single-chamber (n = 27), dual-
chamber (n = 90), or biventricular/CRT groups (n = 37). Of 
the patients undergoing a single-chamber device implantation, 
23 had mild TR and four had moderate TR at baseline. Of the 
patient undergoing dual-chamber device implantation, 81 had 
mild TR and nine had moderate TR at baseline. Of the patients 
undergoing CRT device implantation, 28 had mild TR, eight 
had moderate TR, and one had severe TR at baseline (Table 2).

The mean age of our study population was 71. Eighty-five 
(55%) were male and 69 (45%) were female. The average pre 
and post LVEF in the CRT, single-chamber, and dual-chamber 
groups were 33.5% and 46.5%, 45.5% and 49.2%, and 51.2% 
and 50.6% respectively. The average pre and post RVSP in the 
CRT, single-chamber, and dual-chamber groups were 31.8 mm 
Hg and 40.5 mm Hg, 34.6 mm Hg and 46.4 mm Hg, and 35.7 
mm Hg and 39.0 mm Hg respectively.

There was no statistically significant change in TR sever-
ity following CRT implantation with similar degrees of TR in 
both the pre- and post-implantation groups (Fig. 1). However, 
in both the single-chamber and dual-chamber groups, statisti-
cally significant change in TR severity was noted following 
device implantation. In both the single- and dual-chamber de-
vice group there was significantly more patients with moder-
ate and severe TR post-implantation (Figs. 2, 3). Also, patients 
with mild TR at baseline were more impacted than those with 
moderate TR in the single- and dual-chamber device groups. 
Patients that underwent CRT implantation had a significantly 
lower risk of worsening TR, from baseline, of 16.2% when 
compared to single-chamber (37.04%) and dual-chamber 
(30%) (Fig. 4).

Discussion

In this single-center retrospective study we sought to determine 
if COPD patients with CRT devices had less CIED-mediated 
TR compared to COPD patients with non-CRT devices. In our 
cohort of 154 patients with COPD, we found that patients with 
CRT devices had a significantly lower risk of worsening TR 
when compared to single-chamber and dual-chamber PPM and 
ICD devices. There was no statistically significant change in the 
degree of TR in patients who underwent CRT implantation. Pa-
tients that underwent single- and dual-chamber device implanta-
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tion had a statistically significant increase in TR severity. These 
findings suggest that not only does the presence of the right ven-
tricle lead traversing the tricuspid valve increase and/or worsen 
TR but right ventricle pacing is a contributing factor.

The negative impact of moderate to severe TR on long-
term survival has been well described in the literature [4, 5]. 
In a recent analysis of patients with heart failure with reduced 
ejection fraction, TR was independently associated with PH, 
more severe heart failure presentations, and worse survival 
[22]. Compared to non-CIED-mediated TR, patients with 
CIED-mediated TR have been found to have similar or worse 
outcomes [9-12, 23]. These findings have been observed even 
after adjusting for left-sided heart disease and PH [24]. Sin-
gle- and dual-chamber PPM and ICD devices are associated 
with CIED-induced TR, given that both devices have leads that 
cross the tricuspid valve into the right ventricle. Some studies 
have concluded that ICD devices are more commonly associ-
ated with CIED-mediated TR, when compared to PPM devices 
due to the greater diameter and thickness of their leads [8, 12]. 
However, other studies have reported no significant difference 

between PPM and ICD devices regarding CIED-mediated TR. 
In comparison to PPM and ICD device-related TR, the current 
literature for CRT device-mediated TR is inconsistent.

Significant improvements in right ventricle function and 
pulmonary pressure have been observed following the place-
ment of CRT devices [17, 18, 25]. Additionally, the initiation 
of CRT has also been shown to improve MR caused by right 
ventricle pacing-induced ventricular dyssynchrony [19, 26]. 
Theoretically, an improvement in TR following the placement 
of a CRT device could be expected, given its positive effects on 
the right ventricle, LV, and mitral valve as well as a reduction 
in pulmonary pressure. This theory would be further supported 
if a component of CIED-mediated TR is in fact due to right 
ventricle pacing and ventricular dyssynchrony. In patients with 
severe heart failure, improvement of LV function and thus a re-
duction of pulmonary congestion with CRT, could potentially 
reduce elevated right-sided heart pressures and TR. Unfortu-
nately, the current literature has not consistently supported this 
hypothesis. Grupper et al evaluated CIED-mediated TR and 
worsening baseline TR after implantation of CRT devices [20]. 

Table 1.  Baseline Characteristics of Patients

Characteristics CRT (n = 37) Single-chamber PPM/
ICD (n = 27)

Dual-chamber PPM/
ICD (n=90) P value

Age (years) 70.22 ± 9.37 70.07 ± 10.06 72.79 ± 11.15 0.32
Male sex 23 (62.16%) 16 (59.26%) 46 (51.11%) 0.46
Device subtypes
  CRT-D 19 (51.35%)
  CRT-P 18 (49.65%)
  ICD-S 8 (29.63%)
  PPM-S 19 (70.37%)
  PPM-D 80 (88.89%)
  ICD + PPM-D 10 (11.11%)
Ejection fraction (%)
  Pre-device implantation 33.53±10.86% 45.56±13.68% 51.29 ± 11.20 < 0.0001
  Post-device Implantation 46.53±13.14% 49.26±11.82% 50.69±13.34% 0.41
RVSP (mm Hg)
  Pre-device implantation 31.82 ± 8.42 34.65 ± 7.22 35.73 ± 14 0.42
  Post-device implantation 40.54 ± 16.07 46.41 ± 16.31 39.07 ± 13.42 0.11

Variables are expressed as no (%) or mean ± standard deviation. P < 0.05 indicates difference between the groups is statistically significant. CRT: 
cardiac resynchronization therapy; PPM: permanent pacemaker; ICD: implantable cardioverter-defibrillator; CRT-D: cardiac resynchronization ther-
apy defibrillator; CRT-P: cardiac resynchronization therapy pacemaker; ICD-S: implantable cardioverter-defibrillator single-chamber; PPM-S: perma-
nent pacemaker single-chamber; PPM-D: permanent pacemaker dual-chamber; ICD + PPM-D: implantable cardioverter-defibrillator with permanent 
pacemaker dual-chamber; RVSP: right ventricular systolic pressure.

Table 2.  Baseline Tricuspid Regurgitation

Degree of TR CRT (n = 37) Single-chamber device (n = 27) Dual-chamber device (n = 90)
Mild 28 23 81
Moderate 8 4 9
Severe 1 0 0

TR: tricuspid regurgitation; CRT: cardiac resynchronization therapy.
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They concluded that patients who had worsening TR follow-
ing CRT placement had worse clinical and echocardiographic 
response but were not associated with an increase in mortal-
ity [20]. However, the opposite was found for patients with 
baseline TR, in that they had a reduced survival despite better 
clinical and echocardiographic response following CRT device 
implantation [20]. Abu Sham’a et al reported similar outcomes 
in patients with baseline TR following CRT device placement 
[7]. These findings could suggest that any device lead that 
passes through the tricuspid valve has the potential to worsen 

TR and thus a patient’s response to CRT. However, while it is 
well known that patients with preexisting moderate to severe 
TR have poorer outcomes, they clinically benefit from CRT 
therapy [7, 20]. Not all previous studies investigating CRT and 
CIED-induced TR have reported similar findings. Arabi et al 
found no difference in CIED-mediated TR between patients 
with CRT devices and patients with PPM or ICD devices [21]. 
Furthermore, Sadreddini et al concluded that patients did not 
have an increase in TR following the implantation of a CRT 
device [27]. Given the discrepancies amongst these studies, 

Figure 2. Single-chamber pacemaker (PM) or implantable cardioverter-defibrillator (ICD) group tricuspid regurgitation (TR) se-
verity pre-device vs. post-device implantation.

Figure 1. Cardiac resynchronization therapy (CRT) group tricuspid regurgitation (TR) severity pre- vs. post-device implantation.
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there are no clear management guidelines or indications for 
CRT in CIED-mediated TR.

Conditions that adversely affect the right ventricle and 
predisposed patients to TR, such as COPD, can be associated 
with worse outcomes for both CIED and non-CIED related TR. 
Chronic lung disease has been shown to have many negative 

effects on the structure and the function of the right heart [28]. 
Studies have shown that patients with heart failure and COPD 
are at higher risk for lethal arrythmias and thus, have a higher 
incidence of ICD defibrillations compared to patients without 
COPD [29]. Few studies have investigated CIED-mediated TR 
in patients with COPD; and to our knowledge, no studies have 

Figure 3. Dual-chamber pacemaker (PM) or implantable cardioverter-defibrillator (ICD) group tricuspid regurgitation (TR) sever-
ity pre-device vs. post-device implantation.

Figure 4. Comparison of worsening tricuspid regurgitation (TR) between the three groups: 1) cardiac resynchronization therapy 
(CRT); 2) single-chamber pacemaker (PM) or implantable cardioverter-defibrillator (ICD); and 3) dual-chamber PM or ICD.
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specifically looked at the effects of CRT on TR in COPD pa-
tients. In a retrospective analysis of 164 patients undergoing 
CRT implantation, Kirubakaran and colleagues concluded that 
COPD was a predictor for lack of clinical response to CRT 
[30]. However, there are likely multiple confounding factors 
that need to be considered in this patient population including 
medication tolerability as well as multifactorial dyspnea [30]. 
Gazzoni et al concluded that age, COPD, and prior myocar-
dial infarctions were independent predictors for total mortality 
in patients receiving CRT devices [31]. This finding is likely 
related to the effects of comorbid conditions on overall heart 
failure outcomes and mortality [31].

CRT has been shown to provide ventricular synchrony 
as well as improvement of left and right ventricle function. 
Based on the findings of this study and the associations be-
tween COPD, PH, right ventricle failure, and baseline TR, 
CRT devices can reduce the risk of TR progression compared 
to single-chamber and dual-chamber devices. This risk reduc-
tion is especially important for patients at high risk for right-
sided heart abnormalities, such as those with COPD. However, 
while LVEF improved with CRT device placement and TR 
progression was reduced, there was an unexpected increase in 
post-implantation RSVP in patients with COPD. This increase 
in RSVP suggests that there was no reduction in pulmonary 
pressures following the implantation of CRT devices.

Since both COPD and the progression of TR have been 
shown to have poor outcomes, it may be reasonable for provid-
ers to consider an upfront strategy of CRT over single- or dual-
chamber devices in patients with COPD, especially in those with 
preexisting TR. We feel that prospective randomized studies are 
needed to further assess the benefits of CRT in COPD patients 
and its effects of both CIED and non-CIED mediated TR.

Limitations

The main limitations of our study include a small sample size 
at a single medical center and performing the study in a ret-
rospective manner. TR presence and severity was diagnosed 
via TTE, and confirmatory transesophageal echocardiograms 
were not performed. Another limitation to our study is that the 
diagnosis of COPD was made by ICD-10 codes and severity 
was not determined.

Conclusions

Patients with COPD receiving a CRT device were less likely 
to have worsening TR, compared to single-chamber and dual-
chamber devices. Since both COPD and progression of TR may 
result in poor outcomes, our study suggests that an upfront strat-
egy with CRT rather than a single- or dual-chamber device in 
this patient population, especially with pre-existent TR.
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