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Predictors of Severe
Tricuspid Regurgitation

in Patients with Permanent Pacemaker or
Automatic Implantable Cardioverter-Defibrillator Leads

Patients with permanent pacemaker or automatic implantable cardioverter-defibrillator
(AICD) leads have an increased prevalence of tricuspid regurgitation. However, the roles
of cardiac rhythm and lead-placement duration in the development of severe tricuspid
regurgitation are unclear.

We reviewed echocardiographic data on 26 consecutive patients who had severe tri-
cuspid regurgitation after permanent pacemaker or AICD placement; before treatment,
they had no organic tricuspid valve disease, pulmonary hypertension, left ventricular dys-
function, or severe tricuspid regurgitation. We compared the results to those of 26 control
subjects who had these same devices but no more than mild tricuspid regurgitation.

The patients and control subjects were similar in age (mean, 81+ 6 vs 81 + 8 yr; P=0.83),
sex (male, 42% vs 46%, P=0.78), and left ventricular ejection fraction (0.60 + 0.06 vs 0.58
+ 0.05;, P=0.4). The patients had a higher prevalence of atrial fibrillation (92% vs 65%,
P=0.01) and longer median duration of pacemaker or AICD lead placement (49.5 vs 5 mo;
P <0.001). After adjusting for age, sex, and right ventricular systolic pressure by multivari-
ate logistic regression analysis, we found that atrial fibrillation (odds ratio=6.4; P=0.03) and
duration of lead placement (odds ratio=1.5/yr; P=0.001) were independently associated
with severe tricuspid regurgitation.

Out study shows that atrial fibrillation and longer durations of lead placement might
increase the risk of severe tricuspid regurgitation in patients with permanent pacemakers
or AICDs. (Tex Heart Inst J 2013;40(5):529-33)

atients with permanent pacemaker (PPM) or automatic implantable cardio-

verter-defibrillator (AICD) leads have an increased prevalence of significant

tricuspid regurgitation (TR). Tricuspid regurgitation can be caused by various
mechanisms, including pulmonary hypertension, direct lead interference with valve
closure, tricuspid valve leaflet trauma from laceration and perforation, infective endo-
carditis, and fibrous adherence of pacemaker leads to the tricuspid valve apparatus.'
Patients with long-standing atrial fibrillation (AF) can also develop severe TR even
when their tricuspid valves are structurally normal.? In addition, patients with PPM
leads have an increased prevalence of TR.? Investigators in several large studies con-
cluded that having a PPM or AICD increases the degree of TR in some patients."**
However, it is unclear whether the chronic presence of device leads results in increased
TR. We therefore sought to determine the predictors of severe TR in patients who
have PPM or AICD leads. We hypothesized that a longer duration of PPM or AICD
lead placement and the presence of AF were the chief risk factors.

Patients and Methods

We obtained our study population by conducting a retrospective search of our echo-
cardiographic laboratory’s database to identify consecutive patients who had un-
dergone transthoracic echocardiographic examination at our clinic from May 2002
through October 2009. We identified 589 patients who had been diagnosed with
severe TR in accordance with the guidelines of the American Society of Echocar-
diography (ASE).® Of these patients, we excluded 563 because they had common
organic or secondary causes of TR. The exclusionary criteria were congenital heart
disease, more-than-moderate left-sided valvular heart disease, heart transplantation,
right ventricular (RV) infarction, prior valvular surgery, severe pulmonary hyper-
tension (RV systolic pressure, >50 mmHg), carcinoid or rheumatic heart disease,
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the absence of a PPM or AICD, more-than-moderate
TR before PPM or AICD implantation, and severe
TR that was chiefly due to left ventricular dysfunc-
tion. The remaining 26 patients with severe TR and a
PPM or AICD constituted the group of patients in our
study. Using similar exclusionary criteria, we identified
26 control subjects from our pacemaker clinic who had
a PPM or AICD but no more than mild TR as defined
in the ASE guidelines. The 2 groups were compared.
All echocardiographic measurements were retrospec-
tive and had been recorded at the time of the relevant
echocardiogram; however, right atrial volumes and
tricuspid annular diameters were measured by other
means. When multiple echocardiograms were available
for review, data were abstracted from the first one that
showed severe TR. This retrospective study was ap-
proved by the Mayo Clinic Institutional Review Board.

Clinical Data and

Echocardiographic Measurements

The demographic characteristics and the clinical and
echocardiographic data obtained from the medical rec-
ords included age, sex, race, and the duration of PPM
or AICD implantation; and diagnoses or known his-
tories of AF, hypertension, diabetes mellitus, chronic
obstructive pulmonary disease, cerebrovascular accident
or transient ischemic attack, coronary artery disease,
and hypercholesterolemia (Table I). Standard 2-di-
mensional and color-flow Doppler echocardiograms,
obtained with use of the ACUSON Sequoia™ C512
ultrasound system (Siemens Medical Solutions USA,
Inc.; Mountain View, Calif) or the Vivid 7® cardiac
ultrasonography system (GE Healthcare; Wausheka,
Wis), were interpreted by experienced staff echocar-
diologists. In accordance with ASE guidelines, TR
severity was determined by the size of the TR jet on
color-flow images, the relative size of the regurgitant
flow in comparison with right atrial area, and hepatic
vein systolic flow reversal” Left atrial volume was calcu-
lated by means of the modified Simpson’s rule.® Right
atrial pressure was estimated in accordance with infe-
rior vena caval diameter and the effect of respiration
on the diameter.” Right ventricular size and function
were evaluated qualitatively, and RV systolic pressure
was estimated through use of the modified Bernoulli
equation. Left ventricular ejection fraction was obtained
by means of the modified Simpson’s rule, from apical 4-
and 2-chamber views.* ProSolv® CardioVascular version
3.0 (ProSolv CardioVascular Inc.; Indianapolis, Ind), an
offline data-management system, was used to collect
right atrial volume and tricuspid annular diameter data,
because these had not been part of the routine echocar-
diographic studies. Right atrial volume was determined
from the apical view by means of the modified Simp-
son’s rule. Tricuspid annular diameter was measured
in the apical 4-chamber view during diastole from the
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point of insertion of the septal tricuspid leaflet to the
insertion of the anterior tricuspid leaflet.”

Twenty-five patients (96%) had one RV lead, and one
patient had 2 RV leads. All 26 control subjects had one
RV lead. Pacemaker leads were present in 22 patients
(85%) and in 24 control subjects (92%). Automatic
implantable cardioverter-defibrillator leads were present
in 4 patients (15%) and 2 control subjects (8%). Data
on RV apical pacing were collected.

Statistical Analysis

Continuous variables are expressed as mean + SD, and
categorical variables as number and percentage. Differ-
ences between groups were determined by means of the
2-sample ¢ test or Wilcoxon rank sum test (for continu-
ous data) and the ? test (for categorical data). Multi-
variate logistic regression analysis was used to identify
factors associated with the development of severe TR in
the patients. Odds ratios (ORs) and 95% confidence
intervals (Cls) were reported for continuous and cat
egorical data. A Pvalue <0.05 was considered to be sta-
tistically significant. All analyses were performed with
the use of JMP® Pro statistical software version 8.0.2
(SAS Institute Inc.; Cary, NC).

Results

Age, sex, and all comorbid conditions except for hy-
percholesterolemia were similar between the patients
and control subjects (Table I). Left ventricular ¢jection
fraction was similar between the groups (Table IT). Me-
dian left atrial volume (48 vs 36 mL/m?; P=0.01), right
atrial volume (76 vs 36 mL; P <0.001) (Fig. 1A), and
tricuspid annular diameter (3.7 vs 2.8 cm; P <0.001)

TABLE I. Baseline Clinical Characteristics

Control
Patients Subjects
Variable (n=26) (n=26) P Value
Age, yr 81+6 81+8 0.83
Male sex 11 (42) 12 (46) 0.78
Hypertension 17 (65) 20(77) 0.36
Diabetes mellitus 2 (8) 2 (8) 0.63
CVA or TIA 3 (12) 3 (12) 0.63
Coronary artery disease 7 (27) 9 (35) 0.54
COPD 3 (12) 8 (31) 0.08
Hypercholesterolemia 10 (38) 20(77) 0.005

COPD = chronic obstructive pulmonary disease; CVA = cerebro-
vascular accident; TIA = transient ischemic attack

Values are presented as mean + SD or as number and percent-
age. P <0.05 was considered statistically significant.
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TABLE Il. Comparison of Echocardiographic Characteris-
tics between Patients and Control Subjects

Control
Patients Subjects

Variable (n=26) (n=26) P Value
Left atrial volume, 48 36 0.01
mL/m?
LV ejection fraction 0.60+0.06 0.58+0.05 0.4
RV systolic pressure, 39 31 0.04
mmHg
Right atrial volume, 76 36 <0.001
mL/m?
TA diameter, cm 3.7 2.8 <0.001
Moderate-to-severe 7 (28)* 0 0.004
RV dysfunction
Moderate-to-severe 20(77) 1(4) <0.001

RV enlargement

LV = left ventricular; RV = right ventricular; TA = tricuspid
annular

*Information was missing for 1 patient.

Values are presented as mean + SD or as number and
percentage. P <0.05 was considered statistically significant.

(Fig. 1B) were larger in the patients than in the con-
trol subjects. In addition, median RV systolic pressure
was slightly higher in the patients (39 vs 31 mmHg;
P=0.04). Neither the number nor the type of leads
(AICD vs PPM) differed between the patients and
control subjects (P=0.23 and P=0.38, respectively).
The patients had a significantly higher prevalence of
RV apical pacing than did the control subjects (74.9%
£ 33% vs 39.7% £ 42%; P=0.003). The patients also
had a higher prevalence of AF (92% vs 65%; P=0.01)
(Fig. 2) and a longer median duration of lead placement
(49.5 vs 5 mo; P <0.001) (Fig. 3). After adjustment for
age, sex, and RV systolic pressure in a multivariate lo-
gistic regression model (Table III), only the duration
of lead placement (OR=1.5/year; 95% CI, 1.1-2.3;
P=0.001) and the presence of AF (OR=6.4; 95% ClI,
1.2-64; P=0.03) were independently associated with
severe TR in patients with a PPM or AICD.

Discussion

Our study shows that severe TR can occur in patients
with a PPM or AICD long after the implantation of
device leads, particularly in the presence of AF. After
adjustment for age, sex, and RV systolic pressure, the
risk of a patient’s developing severe TR had an OR of
1.5 for each year of having had the PPM or AICD leads
in place, and an OR of 6.4 in the presence of AF.

Data in other studies conflicted in regard to whether
the presence of PPM or AICD leads by itself resulted in
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TR Results of one study" suggested that the degree
of TR did not change after PPM or AICD implanta-
tion. However, this study had major limitations in that
the pertinent echocardiograms were obtained within a
short time after device implantation (mean, 1.2 d). Of
more importance, there was no statistical comparison
of the grades of TR before and after device placement.
In contrast, the results of several other larger studies*”
clearly showed that the presence of a PPM or AICD lead
increased the degree of TR in some patients.

Few investigators have evaluated risk factors for the
development of severe TR in patients who have PPM or
AICD leads. In one observational study,” AICD leads
increased TR severity more than PPM leads did. In an-
other study,” 3 or more leads contributed to a higher
prevalence of TR, suggesting that either the caliber or
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Fig. 1 Patients with permanent pacemaker or automatic
implantable cardioverter-defibrillator leads had larger A) right
atrial (RA) volumes and B) tricuspid annular diameters than did
the control subjects (both P <0.001).
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the number of leads going through the tricuspid valve
leaflets affected the severity of TR.

Additional factors might contribute to an increased
degree of TR in patients who have PPM or AICD leads.
Klutstein and colleagues® retrospectively compared 75
patients whose TR increased more than 2 grades with
335 patients whose TR increased less than 2 grades after
the implantation of a PPM or AICD. The investigators
found that older patients, patients with abnormal left
ventricular relaxation, and patients in whom pulmonary
hypertension subsequently developed had more severe
TR after device leads were implanted. In a cross-sec-
tional study of more than 2,000 patients,” pulmonary
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Fig. 2 The prevalence of atrial fibrillation in patients with
permanent pacemaker or automatic implantable cardioverter-
defibrillator leads was 92%, compared with 65% in the control
subjects (P=0.01).
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Fig. 3 The median duration of device placement in patients with
permanent pacemaker (PPM) or automatic implantable cardio-
verter-defibrillator (AICD) leads was 49.5 months, compared
with 5 months in the control subjects (P <0.007).

hypertension was shown to be a strong determinant of
the severity of TR.

In our case-control study, after we excluded patients
with severe pulmonary hypertension and evaluated the
influence of heart rhythm and the duration of device-
lead placement on the development of severe TR, we
found that AF and the duration of lead placement were
independent determinants of the development of severe
TR. Similarly, Mutlak and colleagues® suggested previ-
ously that age, AF, and annular dilation are the likely
mechanisms of severe TR. However, their conclusions
were limited because their study lacked a control group.
In addition, their study did not consider the effect of
implantation duration on the development of severe TR.

Why does AF contribute so extensively to increased
degrees of TR in patients with PPM or AICD leads
(more than a 6-fold risk)? Atrial fibrillation has been
associated with severe functional TR, even in the ab-
sence of device leads, because of annular dilation.® A
similar mechanism was implicated when Shiran and
Sagie' showed that increased TR is observed more often
in patients who do not undergo a maze procedure at
the time of mitral valve surgery. As we have shown,?
chronic AF is a risk factor for the development of severe
TR—even in the absence of device leads—in patients
who have anatomically normal tricuspid valves. In our
current study, the same mechanism probably played a
clinically significant role in our patients who had device
leads, perhaps because of underdevelopment of the fi-
brous skeleton in the tricuspid annulus.®

Because RV apical pacing increases mitral regurgi-
tation, we were curious whether it also increased TR.
Our 26 patients indeed had a significantly higher preva-
lence of RV apical pacing than did our control subjects
(74.9% + 33% vs 39.7% + 42%; P=0.003). Therefore,
in addition to AF and the extended presence of device
leads, it is likely that RV apical pacing contributed to

TABLE Ill. Multivariate Predictors of Severe Tricuspid
Regurgitation in the 26 Patients

Variable Odds Ratio 95% CI P Value
Age 0.97 0.87-1.07 0.73
Male sex 0.9 0.23-3.5 0.6
RV systolic pressure 1.1 0.9-1.2 0.94
Duration of PPM or 1.5 1.1-2.3 0.001
AICD lead placement
(per yr)

Presence of AF 6.4 1.2-64 0.03

AF = atrial fibrillation; AICD = automatic implantable cardioverter-
defibrillator; Cl = confidence interval; PPM = permanent pace-
maker; RV = right ventricular

P <0.05 was considered statistically significant.
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the development of TR. Further studies are needed in
this regard.

Although it was not possible in our current study to
evaluate other possibly influential factors (such as leaflet
perforation, lead impingement, or lead entanglement),
these complications do worsen over time and could in
turn contribute to increased degrees of TR in patients
who have a PPM or AICD.*”

One consequence of the severe TR in our 26 patients
was that more of them had moderate-or-greater RV dys-
function than did our control subjects (7 vs 0). Although
RV systolic pressure was univariately associated with se-
vere TR in patients with device leads, it was not statisti-
cally significant in a multivariate model. The design of
our study excluded patients with pulmonary hyperten-
sion; accordingly, we could not evaluate the contribution
of pulmonary pressures to the development of severe TR.

We did not evaluate the outcomes of our patients;
however, patients with severe TR have a worse prognosis
than do patients with lower grades of TR." This sug-
gests that PPM or AICD implantation in patients with
chronic AF could worsen their prognosis because of the
development of severe TR.

To our knowledge, this study is the first to evaluate
the impact of AF and the effect of the duration of PPM
or AICD lead placement on the development of severe
TR. We used strict inclusionary criteria to evaluate only
patients with isolated TR and to exclude patients with
most of the common causes of organic and secondary
TR. Our study has the usual limitations of a retrospec-
tive study, along with a small sample size. In addition,
the case-control design of our study is subject to the
limitations of any case-control study.

We conclude that the duration of PPM or AICD lead
placement and the presence of AF could be risk fac-
tors for the development of severe TR in patients who
have PPM or AICD leads. Large prospective studies are
needed to further examine the mechanism of severe TR
in similar patients.
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