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ORIGINAL ARTICLE k)

Comparison of Transcatheter Versus Surgical
Tricuspid Repair Among Patients With Tricuspid
Regurgitation: Two-Year Results

Tomonari M. Shimoda, MD*; Hiroki A. Ueyama, MD"; Yoshihisa Miyamoto®®, MD, PhD; Atsuyuki Watanabe®, MD;
Hiroshi Gotanda, MD, PhD; Dhaval Kolte®, MD, PhD, MPH; Azeem Latib®, MD; Tsuyoshi Kaneko®, MD; Alan Zajarias, MD;
Sammy Elmariah®, MD; Hiroo Takayama®, MD, PhD; Yusuke Tsugawa®, MD, MPH, PhDt; Toshiki Kuno®, MD, PhDt

BACKGROUND: Evidence is limited as to whether outcomes differ between patients with tricuspid regurgitation (TR) treated with
tricuspid transcatheter edge-to-edge repair (T-TEER) versus surgical tricuspid valve repair. We aimed to compare outcomes
between these 2 approaches.

METHODS: We analyzed the data on Medicare fee-for-service beneficiaries aged 65 to 99 years with TR who underwent T-TEER
or isolated surgical repair between July 2016 and December 2020. The primary outcome was 2-year all-cause mortality. Other
outcomes included in-hospital mortality and permanent pacemaker implantation as well as 2-year heart failure hospitalization
and tricuspid valve reintervention. A propensity score matching weight analysis was used to adjust for potential confounders.

RESULTS: A total of 1143 patients were included (409 T-TEER versus 734 surgery). The proportion of T-TEER cases increased
from 2% in the third quarter of 2016 to 67% in the last quarter of 2020 among all isolated TR procedures. After adjustment
for potential confounders, we found no evidence that 2-year all-cause mortality differs between patients treated with T-TEER
versus surgical repair (adjusted hazard ratio, 0.84 [95% Cl, 0.63—1.13]). Patients treated with T-TEER experienced lower in-
hospital mortality (2.5% versus 12.56%, A<0.001) and permanent pacemaker implantation rates (0.0% versus 12.7%, ”<0.001)
than those treated by surgical repair. At 2 years, we found no differences in heart failure hospitalizations, but tricuspid valve
reinterventions were more frequent in the T-TEER group (subdistribution hazard ratio, 8.03 [95% Cl, 2.87-22.48]).

CONCLUSIONS: Among Medicare beneficiaries with TR, the 2-year mortality rate was comparable between T-TEER and
surgical repair. T-TEER showed advantages in perioperative outcomes, including lower in-hospital mortality and pacemaker
implantation rates, whereas tricuspid valve reinterventions were more frequent in the T-TEER group. Further studies are
necessary to refine indications, patient selections, and optimal timing for intervention with either treatment strategy.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: catheters ® heart failure ® Medicare ® mortality ® tricuspid valve
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affecting up to 2 million people in the United States, ~ dictor of mortality, drawing attention to its treatment

Tricuspid regurgitation (TR) is a prevalent condition have highlighted untreated TR as an independent pre-
yet it remains often undertreated." Recent studies  options? Current American and European guidelines
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WHAT IS KNOWN

* Isolated surgical repair has been the treatment of
choice for tricuspid regurgitation, but it carries high
risks of mortality and morbidity.

 Transcatheter interventions have emerged as a less
invasive alternative to surgery.

WHAT THE STUDY ADDS

* In older patients with tricuspid regurgitation, we
found no evidence that mortality and heart failure
hospitalization differed 2 years after transcatheter
and surgical tricuspid valve repair.

* Despite a higher burden of comorbidities, the
transcatheter group experienced fewer in-hospital
complications, including lower rates of death and
permanent pacemaker implantation, but a higher
rate of tricuspid reinterventions at 2 years.

Nonstandard Abbreviations and Acronyms

aHR adjusted hazard ratio
CIED cardiac implantable electronic device

ICD-10-CM International Classification of Diseases-
Tenth Revision, Clinical Modification

Mw matching weight

sdHR subdistribution HR

TR tricuspid regurgitation

T-TEER tricuspid transcatheter edge-to-edge
repair

endorse isolated tricuspid surgery as class lla and |
recommendations, respectively.®* However, isolated tri-
cuspid surgery is often associated with suboptimal out-
comes, particularly when compared with isolated aortic
and mitral surgery.® These challenges are compounded
by the associated morbidities, including heart, liver, and
kidney failures, with many patients presenting in late
stages.® Because of such factors, operative mortality of
isolated tricuspid operations has been reported to be
~6% to 10%75% Consequently, the benefits of surgery
over medical therapy remain controversial, resulting in
limited adoption of surgery for TR treatment”
Transcatheter edge-to-edge repair (TEER), widely
adopted for severe mitral regurgitation, has been
extended to the treatment of TR. Registry studies have
demonstrated the feasibility and safety of tricuspid TEER
(T-TEER)E'® The TRILUMINATE Pivotal Trial (Trial to
Evaluate Cardiovascular Outcomes in Patients Treated
With the Tricuspid Valve Repair System) recently dem-
onstrated a favorable composite end point with T-TEER
compared with medical therapy.’ However, this was pri-
marily driven by improvements in quality of life, without
benefits for survival and reintervention rates.* Currently,
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indications of T-TEER remain unclear for severe TR
patients®* Furthermore, comparative data on surgical
repair and T-TEER is scarce, with the current literature
limited by the lack of adjustment for confounders'®'® and
mid-term outcomes.'®'

To address these critical knowledge gaps, we con-
ducted a retrospective observational study using the
Medicare claims database to evaluate outcomes of
T-TEER and isolated surgical tricuspid valve repair.

METHODS

The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.’® The insti-
tutional review board at the University of California Los Angeles
reviewed the study protocol and granted an exemption with a
waiver for patient consent due to the nature of the secondary
analysis of existing databases. The data that support the find-
ings of this study are available from the corresponding author
on reasonable request.

Data Source

We used the 100% Medicare fee-for-service Inpatient Claims
and Master Beneficiary Summary Files from 2016 to 2020 as
provided by the Centers for Medicare and Medicaid Services to
identify the patient population. Demographic details of patients,
including age, sex, and race and ethnicity were extracted
using the Master Beneficiary Summary File. We extracted the
preoperative comorbidities using the 27 Chronic Conditions
Warehouse Chronic Conditions and Other Chronic Conditions
segments from the Master Beneficiary Summary File, from the
year of the index procedure.® Identifications of other condi-
tions and performed procedures were determined if the corre-
sponding International Classification of Diseases-Tenth Revision,
Clinical Modification (ICD-10-CM) and Procedure Coding
System codes were present in any position among 25 diagnos-
tic and procedural codes (Table S1).

Patients
We identified patients aged between 65 and 99 years with TR
undergoing either T-TEER or isolated surgical tricuspid repair
in the United States between July 2016 and December 2020.
Because the claims-based frailty score calculation required 6
months of preprocedural data,? patients from January to June
2016 were excluded. We defined isolated tricuspid procedures
(T-TEER or surgical repair) when other concomitant cardiac
procedures were not performed on the same day as the index
procedures. Patients were excluded if they had a diagnosis of
infective endocarditis, tricuspid stenosis, history of heart trans-
plants, congenital cardiac disease, myxoma, pericardial malig-
nancy, or carcinoid syndrome, as patients with these conditions
may be a distinct population.?'?2 We also excluded patients with
a history of prior tricuspid valve replacement. Patients were also
excluded if they were not discharged by the end of the study
period or enrolled in the Medicare Advantage plan at the time
of the procedure to ensure the consistency of the follow-up.
Patients were subcategorized into primary (degenerative)
or secondary (functional) TR. Those with a history of heart
failure, left-sided valve disease, dilated cardiomyopathy, atrial
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fibrillation, atrial flutter, and pulmonary hypertension, but with-
out isolated rheumatic tricuspid valve conditions, were classi-
fied as secondary TR patients.?

Outcomes

Our primary outcome was mid-term (up to 2 years) all-cause
mortality from the index procedure. The mortality data and corre-
sponding death dates were obtained from the Master Beneficiary
Summary File and verified by the Centers for Medicare and
Medicaid Services. Secondary outcomes included 2-year heart
failure hospitalization, ischemic stroke, permanent pacemaker
implantation, tricuspid valve reintervention, and reintervention
with T-TEER. Secondary outcomes also included various in-
hospital outcomes, including death, ischemic stroke, intracranial
hemorrhage, acute kidney injury, cardiogenic shock, permanent
pacemaker implantation in patients without baseline cardiac
implantable electronic devices (CIEDs), respiratory complications,
postoperative hemorrhage, transfusion, pericardial effusion/tam-
ponade, heart failure, and length of stay in hospital. For in-hospital
outcomes, the present-on-admission flag was used to distinguish
the events from historical diagnoses. We defined occurrences of
secondary outcomes by the corresponding ICD-10-CM codes in
the admitting diagnosis or principal diagnosis upon readmission
after the index procedures?* Tricuspid valve reintervention was
defined if either surgical tricuspid repair or replacement, or trans-
catheter tricuspid repair, regardless of concomitant procedures,
occurred at any point after the day of the index procedure.

Patients were followed from the day of the index procedure
until disenrollment from Medicare fee-for-service, the event of
an outcome occurrence during follow-up, the termination of the
study duration (December 31, 2020), or 2 years after the index
procedure, whichever occurred first.

Statistical Analysis

Baseline characteristics of 2 patient groups were compared.
Continuous variables were reported as median (interquartile
range). Categorical variables were expressed as proportions.
Comparison of baseline characteristics between groups was
performed by calculating standardized mean difference with a
value <0.10 considered nonsignificant. In addition, the tempo-
ral trend in the quarterly case volumes was evaluated using a
linear regression model for each procedure.

We performed a propensity score matching weight (MW)
analysis to compare the outcomes of patients treated with
T-TEER versus surgical repair while accounting for measured
confounders.?® We calculated the propensity score using a mul-
tivariable logistic regression model. We included the following
covariates: age, sex, race and ethnicity, Medicaid dual-eligible
status, the 27 Chronic Condition comorbidities in the Chronic
Conditions Warehouse, liver disease, peripheral vascular dis-
ease, obesity, cause (primary/secondary), rheumatic tricuspid
heart disease, the presence of CIEDs, right heart failure, pul-
monary hypertension, procedure setting (elective, urgent, emer-
gent), prior history of cardiac operations, Charlson Comorbidity
Index, and frailty score.

The frailty score was calculated using a previously published
method based on administrative claims data without physical
performance measures.?°?® The ICD-10 codes for the calcula-
tion of frailty were extracted from previous studies demonstrat-
ing its validity (Table $2).202627
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Comparative mid-term outcomes were presented using
Kaplan-Meier survival curves for all-cause mortality and cumu-
lative incidence curves for other secondary end points, after
propensity score MW analysis. For all-cause mortality, the Cox
proportional hazards regression model was applied to the
analysis to calculate the adjusted hazard ratio (aHR) and cor-
responding 95% Cls. For the secondary end points, death was
considered as a competing risk to construct cumulative inci-
dence curves. A competing risk regression analysis using the
Fine-Gray subdistribution hazard model was performed to pro-
vide the subdistribution HR (sdHR) with 95% CI.28 In-hospital
outcomes were compared using either the Pearson 2 or Fisher
exact test, depending on whether the expected count was >b.

To analyze the association between institutional procedural
volume and outcomes, we counted the procedural volume of
each procedure (T-TEER or surgical repair) at each institution.
To assess the volume-outcome relationship between procedural
volume and 2-year mortality for T-TEER and surgical repair, we
used restricted cubic splines. For both procedures, the aHR
was plotted on the y axis against the institutional procedural
volume on the x axis, with the aHR set to 1.0 at a procedural
volume of 5 during the study duration. The model adjusted for
the same covariates used in the propensity score calculation.

Sensitivity Analyses

We performed several sensitivity analyses. First, we restricted
the cohort to patients with preprocedural CIEDs because the
patients with device leads may be a distinct population from
those without. Second, we reanalyzed the data, restricting the
patients to those aged >75 years. Third, we reanalyzed the data,
restricting the cohort to elective cases. Fourth, because the
hospitals’ ability to perform certain procedures may affect the
outcomes as well as treatment selection, we included hospital
fixed-effect in the propensity score calculation to effectively
compare outcomes of patients treated with T-TEER versus sur-
gical repair at the same hospital while restricting the hospitals to
those that performed both isolated T-TEER and surgical repair
during the study period.?® For each sensitivity analysis above,
we separately calculated the propensity scores and the MWs
for each group. Fifth, to account for potential unmeasured con-
founding, we performed an instrumental variable analysis.*® We
chose the cross-sectional institutional preference as the instru-
ment, assuming that patients treated at hospitals with higher
probabilities of using T-TEER in the previous year would more
likely be treated with T-TEER, even when patient characteris-
tics were similar. We obtained the proportions of T-TEER use
among all isolated surgical and transcatheter tricuspid repair
for TR from 1 year before each index procedure at a given
institution and treated the percentage as the instrument (there-
fore, patients who underwent tricuspid valve repair before July
1, 2017, were excluded). Subsequently, we applied a 2-stage
residual inclusion approach using the ivtools package.?® In the
first stage, we assessed the relevance of the instrument to
the treatment selection by F statistics (cutoff >10) by com-
paring the fit of multivariable logistics regression models with
and without the instrument®' In the second stage, we used a
multivariable Cox regression model incorporating the residuals
from the first-stage model?® Sixth, we evaluated the associa-
tion between tricuspid repair and the incidence of pneumonia
as a falsification end point, assuming that the incidence of
pneumonia is unlikely affected by the assignment of the index
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procedure in the mid-term.32% Seventh, despite all sensitivity
analysis, it is still possible that 2-year mortality differs between
patients treated with T-TEER versus surgical repair, but the
true difference was masked by unmeasured confounders. To
quantify this potential, we calculated E value, which showed
how strongly the unmeasured confounders would need to be
associated with both exposures and outcomes to obtain a null
relationship.34

Statistical significance was determined by using 2-tailed
tests with A<0.05 considered significant. Data acquisition was
performed with SAS 9.4 (SAS Institute Inc, Cary, NC), and sta-
tistical analyses were performed with R 4.2.2 (R Foundation for
Statistical Computing, Vienna, Austria) programming language.

RESULTS
Study Cohort

We included 1143 patients meeting our selection cri-
teria in our analysis, of which 409 and 734 patients
were treated with T-TEER and surgery, respectively
(Figure S1). The median follow-up period was 13.3
months (interquartile range, 3.56—24 months). Patients
receiving T-TEER were older and more likely to have a
history of comorbidities, rheumatic heart disease, and
preoperative CIEDs (Table 1). Patients receiving surgi-
cal repair were more likely to have a history of previ-
ous cardiac surgery. The Charlson Comorbidity Index
score and frailty score were significantly higher in the
T-TEER cohort. The quarterly volume of both proce-
dures during the study period is summarized in Figure
S2. The proportion of T-TEER cases increased from
2% in the third quarter of 2016 to 67% in the last
quarter of 2020.

Mid-Term Outcomes

In the MW analysis, the T-TEER group was associated
with a comparable 2-year mortality to the surgical group
(aHR, 0.84 [95% ClI, 0.63-1.13]; P=0.25; Figure 1).
The rates of heart failure hospitalization and stroke were
comparable between both procedures (Figure 2). The
rate of permanent pacemaker implantation was lower in
the T-TEER group (sdHR, 0.14 [95% ClI, 0.06-0.30];
P<0.001; Figure 3A). The tricuspid valve reintervention
rates were higher in the T-TEER group (sdHR, 8.03
[95% ClI, 2.87-22.48]; £<0.001; Figure 3B). A total of
35 patients required tricuspid reinterventions, with 16
patients undergoing T-TEER as reintervention (1 patient
after surgery, 15 patients after T-TEER; Figure 3C).

In-Hospital Outcomes

In the adjusted cohorts, the T-TEER group was associ-
ated with significantly lower rates of in-hospital deaths
(Table 2). Similarly, the T-TEER group was demonstrated
to have lower in-hospital rates of acute kidney injury,
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permanent pacemaker implantation, respiratory compli-
cations, transfusions, pericardial effusion/tamponade,
and heart failure. The length of hospital stay was also
significantly shorter in the T-TEER group, with a higher
proportion of patients being discharged to home.

Institutional Procedure Volume and Outcomes

Between July 2016 and December 2020, 312 institu-
tions performed either T-TEER or surgical repair of TR
throughout the study period. 67 institutions performed
both procedures, while 25 and 230 institutions per-
formed only T-TEER and surgical repair, respectively.

In our analysis of volume-outcome association, inde-
pendently performed for T-TEER and surgical repair,
the adjusted restricted cubic spline curve demonstrated
significant associations between increasing procedural
volume and a decreased 2-year mortality for both proce-
dures (Figure S3).

Sensitivity Analyses

The results were qualitatively similar to the principal
analysis when we reanalyzed the data after restrict-
ing the cohort to patients with preprocedural CIEDs, to
patients aged =75 years, to patients undergoing elec-
tive procedures, and to patients treated at hospitals
capable of both T-TEER and surgical repair (Tables S3
and S4; Figure S4). Our instrumental variable analysis
showed the F statistic of 154.6, indicating that the pre-
vious institutional practice pattern was a strong predic-
tor of the use of T-TEER. We found a similar association
for 2-year mortality to the principal analysis (T-TEER
versus surgical repair; aHR, 0.61 [95% Cl, 0.33-1.11]).

In the analysis of the falsification end point, we found
no evidence that the incidences of pneumonia differed
between the 2 groups at 2 years by the MW analysis
(sdHR, 0.88 [95% Cl, 0.41-1.87]).

According to our hypothetical simulations, where the
true causal effects would have been explained away due
to potential unmeasured confounders, the confounders
would need to be associated with both being treated with
T-TEER or surgical repair and 2-year mortality with > 1.8-
fold, which might be possible given the unavailability of
certain types of data (eg, blood test and echocardiogra-
phy; Table Sb).

DISCUSSION

Our analysis comparing T-TEER and surgical repair for
TR using a nationally representative database yielded
several significant findings. First, we observed a signifi-
cant increase in T-TEER utilization, with a concurrent
decrease in surgical repair volume from 2016 to 2020.
Second, T-TEER and surgical repair showed comparable
2-year mortality and heart failure hospitalizations after
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Table 1. Baseline Characteristics

Crude cohort Matching weight analysis
T-TEER Surgery SMD T-TEER Surgery SMD

Patients 409 734 409 734
Age, y 81.0 [76.0, 85.0] 74.0 [69.0, 78.0] 0.943 77.0 [73.0, 82.0] 78.0 [74.0, 81.0] 0.012
Female 242 (59.2%) 422 (57.5%) 0.034 58.3% 57.2% 0.022
Race 0.207 0.14

White 353 (86.3%) 617 (84.1%) 86.0% 86.7%

Black 18 (4.4%) 50 (6.8%) 5.6% 5.1%

Asian 19 (4.6%) 17 (2.3%) 4.3% 2.7%

Hispanic <10 30 (4.1%) 1.7% 3.3%
Hypertension 390 (95.4%) 659 (89.8%) 0.214 94.2% 94.6% 0.016
Hyperlipidemia 333 (81.4%) 553 (75.3%) 0.148 79.4% 79.8% 0.01
Diabetes 136 (33.3%) 254 (34.6%) 0.029 35.4% 35.5% 0.002
Prior myocardial infarction <10 35 (4.8%) 0.249 1.0% 0.9% 0.013
Ischemic heart disease 340 (83.1%) 627 (85.4%) 0.063 84.4% 84.6% 0.006
Congestive heart failure 399 (97.6%) 633 (86.2%) 0.424 95.9% 95.8% 0.003
Atrial fibrillation 353 (86.3%) 510 (69.5%) 0.414 81.1% 81.6% 0.014
Chronic kidney disease 282 (68.9%) 381 (51.9%) 0.354 62.9% 62.3% 0.014
Prior stroke/TIA 31 (7.6%) 45 (6.1%) 0.057 7.1% 7.4% 0.013
COPD 126 (30.8%) 188 (24.9%) 0.131 30.3% 29.0% 0.029
Asthma 47 (11.5%) 74 (10.1%) 0.045 10.2% 10.5% 0.01
Liver disease 127 (31.1%) 122 (16.6%) 0.344 25.9% 26.2% 0.007
Anemia 307 (75.1%) 507 (69.1%) 0.134 74.2% 73.9% 0.008
Peripheral vascular disease 163 (39.9%) 186 (25.3%) 0.313 32.3% 32.4% 0.003
Dementia 63 (15.4%) 59 (8.0%) 0.23 10.8% 11.4% 0.02
Depression 103 (25.2%) 156 (21.3%) 0.093 24.5% 23.6% 0.022
Cancer 61 (14.9%) 88 (12.0%) 0.086 12.5% 13.8% 0.04
Arthritis 201 (49.1%) 307 (41.8%) 0.147 46.0% 46.3% 0.006
Obesity 104 (25.4%) 212 (28.9%) 0.078 28.9% 27.8% 0.025
Procedural setting 0.409 0.045

Elective 307 (75.1%) 463 (63.1%) 74.8% 76.7%

Emergency 29 (7.1%) 152 (20.7%) 7.5% 7.0%

Urgent 72 (17.6%) 119 (16.2%) 17.7% 16.3%
Secondary TR 248 (60.6%) 526 (71.7%) 0.235 64.9% 65.0% 0.004
Rheumatic disease 161 (39.4%) 192 (26.2%) 0.284 34.9% 34.9% 0.001
Pacemaker/ICD leads 92 (22.5%) 99 (13.5%) 0.236 18.4% 18.2% 0.006
Right heart failure 46 (11.2%) 60 (8.2%) 0.104 11.2% 10.9% 0.009
Pulmonary hypertension 19 (4.6%) 95 (12.9%) 0.296 5.8% 5.8% 0.003
Prior cardiac surgery 30 (7.3%) 248 (33.8%) 0.693 11.3% 10.7% 0.019
Charlson score 7.0 [5.0, 8.0] 5.0 [4.0, 7.0] 0.413 6.0 [6.0, 8.0] 6.0 [5.0, 8.0] 0.053
Frailty score 0.25 [0.17, 0.36] 0.15 [0.09, 0.22] 0.899 0.21 [0.14, 0.27] 0.20 [0.14,0.28] | 0.004

Baseline characteristics of patients undergoing T-TEER and surgical repair before and after propensity score matching weight analysis. Values are
median [Q1, Q3] or n (%) and % in the weighted cohort. Cells with <10 patients are suppressed to protect the privacy of beneficiaries in accordance
with the Centers for Medicare and Medicaid Services guidance. COPD indicates chronic obstructive pulmonary disease; ICD, implantable cardioverter
defibrillator; SMD, standard mean difference; TIA, transient ischemic attack; TR, tricuspid regurgitation; and T-TEER, tricuspid transcatheter edge-to-
edge repair.

adjustment. Third, T-TEER was consistently associated There is an ongoing paradigm shift in the manage-
with more favorable in-hospital outcomes, including a  ment of severe TR. Various transcatheter approaches,
markedly lower mortality and permanent pacemaker including T-TEER, annuloplasty, and replacement, have
implantation rate. been introduced, with T-TEER being studied the most
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100%1 = surgery == T-TEER
75%

50%

All-cause Mortality

aHR, 0.84; 95% ClI, 0.63-1.13

Figure 1. Two-year all-cause mortality
after propensity score matching
weight analysis.

—— . .
Kaplan-Meier analysis of all-cause
25% mortality. Solid lines represent the
estimates, and the surrounding bands
o represent the 95% Cls. aHR indicates
° z s " - 5 adjusted hazard ratio; and T-TEER,
Months trlcu§pld transcatheter edge-to-edge
repair.
Number at risk
Surgery{ 734 601 547 514 482 468 449 423 390 359 334 311 288
T-TEER{ 409 334 283 238 205 187 157 133 108 85 75 64 50
0 2 4 6 8 10 12 14 16 18 20 22 24

extensively.8214% For T-TEER, 3 devices were possibly
used during the study period; the TriClip system (Abbott
Structural Heart, Santa Clara, CA), the MitraClip system
(Abbott), and the PASCAL device (Edwards Lifesciences
LLC, Irvine, CA). Although the MitraClip and PASCAL
devices were originally designed for the treatment of
mitral regurgitation, the TriClip is a modified version of
MitraClip specifically designed for TR treatment, which
received Food and Drug Administration approval in
2024. In our study, the majority of T-TEER cases likely
involved off-label MitraClip, with smaller portions of Tri-
Clip and PASCAL devices.®3" However, the comparative
performance of T-TEER against surgical repair remains
underexplored.’®'7% The guidelines lack consensus on
the role of T-TEER in TR management; the European
guidelines classify it as a class Illb recommendation,
whereas it is not stated in the American guidelines.®*
Propensity score MW analysis showed in-hospital
outcomes consistently favoring T-TEER over surgery,
aligning with previous reports.’ A trend of higher early

risk in the surgical arm with converging survival curves
in the mid-term was also observed in the analysis of
TRIGISTRY.'®% Surgical tricuspid repair often allows
definitive repair of TR whereas ~*50% of T-TEER cases
have moderate or residual postprocedural TR, potentially
contributing to the outcome convergence by the 2-year
mark. Although our analysis adjusted for confounders,
unmeasured confounders likely influenced mid-term
results, given substantial baseline differences between
the groups. Overall, we demonstrated T-TEER as a safe
alternative to surgery in high-risk population, offering
perioperative advantages despite the higher comorbidity
burden.

Notably, the rates of permanent pacemaker implan-
tations were significantly lower in the T-TEER group
compared with the surgical arm at mid-term. Tricuspid
surgical repair carries a high risk of conduction system
injury because of the atrioventricular node’s proximity to
the septal leaflet of the valve.®*® Avoiding CIEDs after tri-
cuspid intervention is crucial because transvalvular leads
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Figure 2. Two-year outcomes regarding heart failure hospitalization and stroke after propensity score matching weight

analysis.

Analysis of (A) heart failure hospitalization and (B) stroke. Solid lines represent the estimates, and the surrounding bands represent the 95%
Cls. sdHR indicates subdistribution hazard ratio; and T-TEER, tricuspid transcatheter edge-to-edge repair.
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Figure 3. Two-year outcomes regarding pacemaker implantations and tricuspid valve reinterventions after propensity score

matching weight analysis.

Analysis of (A) permanent pacemaker implantations, (B) tricuspid valve reinterventions, and (C) tricuspid valve reinterventions specific to
tricuspid transcatheter edge-to-edge repair (T-TEER). Solid lines represent the estimates, and the surrounding bands represent the 95% Cls.

sdHR indicates subdistribution hazard ratio.

have been linked to heart failure.®® The potential use of
leadless pacemakers in patients undergoing tricuspid
interventions is warranted in this regard.*'

Interestingly, our analysis of the volume-outcome
relationship for T-TEER and surgical repair revealed
that 2-year mortality was significantly associated with
procedural volume for both procedures. These data
underscore the importance of performing isolated tri-
cuspid procedures at experienced centers for optimal
outcomes.*? It is recommended to refer patients with
severe symptomatic TR early to highly experienced cen-
ters with a comprehensive heart team for both T-TEER
and surgical repairs.*? Our analysis provides insights to
facilitate informed discussions with TR patients and their
families regarding the choice between T-TEER and sur-
gical options, emphasizing the need to consider both the
expertise of the treating center and the individualized
approach to meet the patients’ preferences.

Limitations

Our study has limitations. First, because of its retro-
spective design, we cannot eliminate the effect of

Circ Cardiovasc Interv. 2025;18:e014825. DOI: 10.1161/CIRCINTERVENTIONS.124.014825

confounders. Although our main analysis used MW
analysis with propensity scores to account for measured
confounders, unmeasured confounders may still exist.
However, sensitivity analyses using an instrumental vari-
able method and a falsification end point suggest our
findings are robust. Second, the claims database lacked
data on the laboratory values, imaging studies (echocar-
diographic data including the severity of TR at baseline
and residual TR, computed tomography data, etc.), and
quality of life metrics. Furthermore, we could not identify
specific repair techniques or the number of clips used
in T-TEER cases. Third, we lacked frailty assessment or
risk scores, such as the TRI-SCORE and the Society of
Thoracic Surgeons scores, although we calculated the
claim-based frailty score and the Charlson Comorbidity
Index score. Fourth, mid-term outcomes including heart
failure hospitalization and stroke were detected based on
the presence of corresponding ICD-10-CM codes in the
admitting or principal diagnosis upon another hospitaliza-
tion after the index procedure, which may underestimate
these outcomes.®® Fifth, no causes of death were defined
based on our analyses due to the nature of the data-
base. Sixth, the study cohort comprised only Medicare
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Table 2. In-Hospital Outcomes
Crude cohort Matching weight analysis
T-TEER Surgery P value T-TEER Surgery P value

Patients 409 734 409 734
In-hospital death <10 79 (10.8%) <0.001 2.5% 12.5% <0.001
Ischemic stroke <10 18 (2.5%) 0.003 0.4% 1.5% 0.204
Intracerebral hemorrhage <10 <10 0.167 0.0% 0.9% 0.083
Acute kidney injury 48 (11.7%) 225 (30.7%) <0.001 11.9% 33.8% <0.001
Cardiogenic shock 14 (3.4%) 117 (15.9%) <0.001 4.0% 17.1% <0.001
Permanent pacemaker <10 93 (14.6%) <0.001 0.0% 12.7% <0.001
Respiratory complications <10 79 (10.8%) <0.001 1.9% 11.4% <0.001
Postoperative hemorrhage <10 26 (3.5%) 0.016 0.8% 2.0% 0.138
Transfusions 23 (5.6%) 156 (21.3%) <0.001 4.7% 21.9% <0.001
Pericardial effusion/tamponade <10 36 (4.9%) 0.005 1.5% 4.2% 0.035
Heart failure 11 (2.7%) 69 (9.4%) <0.001 3.8% 10.0% 0.004
Length of stay, d 2.0 [1.0,7.0] 12.0 [7.0, 21.0] <0.001 2.0[1.0,7.0] | 11.0[6.0,20.0] | <0.001
Discharge location <0.001 <0.001

Home 350 (85.6%) 385 (52.5%) 88.4% 48.4%

Hospice <10 <10 0.7% 0.2%

Long-term care <10 54 (7.4%) 0.9% 7.4%

Skilled nursing facility 11 (2.7%) 86 (11.7%) 2.7% 13.6%

In-hospital outcomes of patients undergoing T-TEER and surgical repair before and after propensity score matching weight analysis. Values
are median [Q1, Q3] or n (%) and % in the weighted cohort. Cells with <10 patients are suppressed to protect the privacy of beneficiaries in
accordance with the Centers for Medicare and Medicaid Services guidance. T-TEER indicates tricuspid transcatheter edge-to-edge repair.

fee-for-service beneficiaries aged 65 years or older. Our
findings may not be generalizable to younger patients,
Medicare Advantage populations, and patients treated
outside the United States. Seventh, with fewer than 20%
of institutions performing both surgical tricuspid repair
and T-TEER, the generalizability of our comparative find-
ings may be limited. Nevertheless, sensitivity analyses
restricted to these centers yielded outcomes consistent
with the main analysis. Eighth, despite its less invasive
nature, T-TEER may not be the preferred repair strat-
egy for every operator, particularly for those with experi-
ence. Ninth, it is possible that a portion of the devices
in the T-TEER group were used off-label. Although we
have based the coding of T-TEER on information avail-
able from the Medicare Electronic Application Request
Information System and aligned it with prior studies, the
off-label status necessitates careful interpretation of our
findings.***® Lastly, although the Heart Team approach is
important for individualized care, we could not capture its
role and influence on outcomes in our claims data.

Conclusions

Among Medicare beneficiaries, 2-year mortality and heart
failure hospitalization rates were comparable between
the 2 groups. Notably, T-TEER showed advantages in
perioperative outcomes, including in-hospital mortality
and pacemaker implantation rates while tricuspid valve

Circ Cardiovasc Interv. 2025;18:e014825. DOI: 10.1161/CIRCINTERVENTIONS.124.014825

reinterventions were more frequent in the T-TEER group.
Further studies are necessary to refine indications,
patient selections, and optimal timing for intervention
with either strategy.

ARTICLE INFORMATION

Received September 27, 2024; accepted November 4, 2024.
This work was presented at AHA Scientific Sessions 2024 in Chicago, IL,
November 16-18, 2024.

Affiliations

Department of Medicine, University of Tsukuba Hospital, Ibaraki, Japan (T.M.S.).
Division of Cardiology, Emory University School of Medicine, Atlanta, GA (HA.U.).
Department of Real-World Evidence, Graduate School of Medicine, The Univer-
sity of Tokyo, Japan (Y.M.). Department of Medicine, Icahn School of Medicine at
Mount Sinai, Mount Sinai Morningside and West, New York, NY (AW.). Division of
General Internal Medicine, Cedars-Sinai Medical Center, Los Angeles, CA (H.G.).
Cardiology Division, Massachusetts General Hospital, Harvard Medical School,
Boston (D.K, T. Kuno). Division of Cardiology, Montefiore Medical Center, Albert
Einstein College of Medicine, New York, NY (AL.). Division of Cardiothoracic
Surgery (T. Kaneko) and Cardiovascular Division (A.Z), Washington University
School of Medicine, St. Louis, MO. Cardiology Division, University of California,
San Francisco (S.E.). Division of Cardiac Surgery, Columbia University Irving Medi-
cal Center/New York Presbyterian Hospital, NY (H.T.). Division of General Internal
Medicine and Health Services Research, David Geffen School of Medicine at
UCLA, Los Angeles, CA (Y.T.). Department of Health Policy and Management,
UCLA Fielding School of Public Health, Los Angeles, CA (Y.T.).

Sources of Funding

Dr Kolte has received research funding from the NIH/National Heart, Lung,
and Blood Institute ((NHLBI]; K23HL157612) outside the submitted work. Dr
Takayama has received research support from the Rudin Foundation. Dr Tsug-
awa receives funding from NIH/National Institute on Aging (RO1AG068633

January 2025 9



Shimoda et al

and ROTAG082991), NIH/National Institute on Minority Health and Health
Disparities (RO1MD0O13913), and Gregory Annenberg Weingarten, GRoW
@ Annenberg for other work not related to this study. Dr Elmariah re-
ceived funding from the NIH/NHLBI (5ROTHL151838) and the Patient-
Centered Outcomes Research Institute.

Disclosures

Dr Latib has been a consultant and serves on the Advisory Board of Medtronic,
Abbott, Boston Scientific, Edwards Lifesciences, V-Dyne, NeoChord, Nyra Medi-
cal, Tioga, Shifamed, and Philips. Dr Kaneko has received consulting fees from
Edwards Lifesciences, Medtronic, 4C Medical, CardioMech, and Cook Medical;
and has been a speaker for Abbott and Baylis. Dr Zajarias has received consult-
ing fees from Edwards Lifesciences. Dr Elmariah has received consulting fees
from Edwards Lifesciences and Medtronic. Dr Takayama has received consulting
fees from Artivion and Edwards Lifesciences. Dr Tsugawa serves on the board
of directors of M3, Inc. Study sponsors were not involved in study design, data
interpretation, writing, or the decision to submit the manuscript for publication.
The other authors report no conflicts.

Supplemental Material
Tables S1-Sb
Figures S1-S4

REFERENCES

1. Singh JP, Evans JC, Levy D, Larson MG, Freed LA, Fuller DL,
Lehman B, Benjamin EJ. Prevalence and clinical determinants of mitral, tri-
cuspid, and aortic regurgitation (the Framingham Heart Study). Am J Cardiol.
1999;83:897-902. doi: 10.1016/s0002-9149(98)01064-9

2. Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgita-
tion on long-term survival. J Am Coll Cardiol. 2004;43:405-409. doi:
10.1016/}jacc.2003.09.036

3. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F,
Jneid H, Krieger EV, Mack M, McLeod C, et al. 2020 ACC/AHA guideline
for the management of patients with valvular heart disease: a report of the
American College of Cardiology/American Heart Association Joint Com-
mittee on Clinical Practice Guidelines. Circulation. 2021;143:e72-e227. doi:
10.1161/CIR.0000000000000923

4. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J,
Capodanno D, Conradi L, De Bonis M, De Paulis R, et al; ESC/EACTS
Scientific Document Group. 2021 ESC/EACTS guidelines for the man-
agement of valvular heart disease. Eur Heart J. 2022;43:5661-632. doi:
10.1093/eurheartj/ehab395

5. Chen Q,Bowdish ME, Malas J,Roach A, Gill G, Rowe G, Thomas J,Emerson D,
Trento A, Egorova N, et al. Isolated tricuspid operations: The Society of Tho-
racic Surgeons Adult Cardiac Surgery Database analysis. Ann Thorac Surg.
2023;1156:1162-1170. doi: 10.1016/j.athoracsur.2022.12.041

6. Thourani VH, Bonnell L, Wyler von Ballmoos MC, Mehaffey JH, Bowdish M,
Kurlansky P, Jacobs JP, O'Brien S, Shahian DM, Badhwar V. Outcomes
of isolated tricuspid valve surgery: a Society of Thoracic Surgeons
analysis and risk model. Ann Thorac Surg. 2024;118:873-881. doi:
10.1016/j.athoracsur.2024.04.014

7. Axtell AL, Bhambhani V, Moonsamy P, Healy EW, Picard MH, Sundt TM,
Wasfy JH. Surgery does not improve survival in patients with isolated
severe tricuspid regurgitation. J Am Coll Cardiol. 2019;74:715-725. doi:
10.1016/jjacc.2019.04.028

8. Wild MG, Léw K, Rosch S, Gergek M, Higuchi S, Massberg S, Nabauer M,
Rudolph V, Markovic S, Boekstegers P, et al; PASTE Investigators. Multi-
center experience with the transcatheter leaflet repair system for symptom-
atic tricuspid regurgitation. JACC Cardiovasc Interv. 2022;15:1352-1363.
doi: 10.1016/jcin.2022.05.041

9. Mehr M, Taramasso M, Besler C, Ruf T, Connelly KA, Weber M, Yzeiraj E,
Schiavi D, Mangieri A, Vaskelyte L, et al. 1-Year outcomes after edge-to-
edge valve repair for symptomatic tricuspid regurgitation: results from
the TriValve registry. JACC Cardiovasc Interv. 2019;12:1451-1461. doi:
10.1016/jcin.2019.04.019

10. Lurz P, Besler C, Schmitz T, Bekeredjian R, Nickenig G, Mollmann H,
von BRS, Schmeisser A, Atmowihardjo I, Rodrigo EL, et al. Short-term out-
comes of tricuspid edge-to-edge repair in clinical practice. J Am Coll Cardiol.
2023;82:281-291. doi: 10.1016/}jacc.2023.05.008

11. Taramasso M, Hahn RT, Alessandrini H, Latib A, Attinger-Toller A, Braun D,
Brochet E, Connelly KA, Denti P, Deuschl F, et al. The international mul-
ticenter ftrivalve registry: which patients are undergoing transcatheter

Circ Cardiovasc Interv. 2025;18:e014825. DOI: 10.1161/CIRCINTERVENTIONS.124.014825

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Transcatheter Versus Surgical Tricuspid Repair

tricuspid repair? JACC Cardiovasc Interv. 2017;10:1982-1990. doi:
10.1016/jjcin.2017.08.011

. Kodali SK; Hahn RT, Davidson CJ, Narang A, Greenbaum A, Gleason P,

Kapadia S, Miyasaka R, Zahr F, Chadderdon S, et al. 1-year outcomes of
transcatheter tricuspid valve repair. J Am Coll Cardiol. 2023;81:1766-1776.
doi: 10.1016/}jacc.2023.02.049

. von Bardeleben RS, Lurz P, Sorajja P, Ruf T, Hausleiter J, Sitges M,

Da Rocha E Silva J, Nabauer M, Weber M, Tang GHL, et al. Two-year out-
comes for tricuspid repair with a transcatheter edge-to-edge valve repair
from the transatlantic TRILUMINATE trial. Circ Cardiovasc Interv.
2023;16:e012888. doi: 10.1161/CIRCINTERVENTIONS.122.012888

. Sorajja P, Whisenant B, Hamid N, Naik H, Makkar R, Tadros P, Price MJ,

Singh G, Fam N, Kar S, et al; TRILUMINATE Pivotal Investigators. Trans-
catheter repair for patients with tricuspid regurgitation. N Engl/ J Med.
2023;388:1833-1842. doi: 10.1056/NEJM0a2300525

. Wilde N, Silaschi M, Alirezaei H, Vogelhuber J, Sugiura A, Tanaka T, Sudo M,

Kavsur R, Cattelaens F, EI-Sayed Ahmad A, et al. Transcatheter edge-to-
edge valve repair versus minimally invasive beating-heart surgery of the
tricuspid valve: an observational study. Eurolntervention. 2023;19:669-661.
doi: 10.4244/E1J-D-23-00170

. Wang X, Ma V, Liu Z, Fan X, Guan G, Pan S, Wang J, Zhang Y. Comparison

of outcomes between transcatheter tricuspid valve repair and surgical tri-
cuspid valve replacement or repair in patients with tricuspid insufficiency. J
Cardiothorac Surg. 2023;18:170. doi: 10.1186/s13019-023-02271-9

. Mohamed MS, Al Ali O, Hashem A, Abdelhay A, Khalouf A, Mahmoud A,

Shehadah A, Ahmed A, Elkhapery A, Alwifati N, et al. Trends and outcomes
of transcatheter tricuspid valve repair and surgical tricuspid valve repair in
patients with tricuspid valve regurgitation; a population based study. Curr
Probl Cardiol. 2023;48:101714. doi: 10.1016/j.cpcardiol.2023.101714

. von EImE, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP.

Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ.
2007,335:806-808. doi: 10.1001/jama.2021.18236

. Ueyama HA, Miyamoto Y, Watanabe A, Gotanda H, Lerakis S, Latib A,

Kaneko T, Kuno T, Tsugawa Y. Cardiac reoperation or transcatheter mitral
valve replacement for patients with failed mitral prostheses. J Am Coll Car-
diol. 2024;83:317-330. doi: 10.1016/jjacc.2023.10.014

Segal JB,ChangHY,Du'Y, WalstonJD, Carlson MC, Varadhan R. Development
of a claims-based frailty indicator anchored to a well-established frailty phe-
notype. Med Care. 2017;55:716. doi: 10.1097/MLR.0000000000000729
Bhattacharyya S, Raja SG, Toumpanakis C, Caplin ME, Dreyfus GD,
Davar J. Outcomes, risks and complications of cardiac surgery for car-
cinoid heart disease. Eur J Cardiothorac Surg. 2011;40:168-172. doi:
10.1016/j.ejcts.2010.10.035

Di Mauro M, Russo M, Saitto G, Lio A, Berretta P, Taramasso M, Scrofani R,
Della Corte A, Sponga S, Greco E, et al. Prognostic role of endocarditis in
isolated tricuspid valve surgery. a propensity-weighted study. Int J Cardiol.
2023;371:116-120. doi: 10.1016/jijcard.2022.09.020

Alnajar A, Arora Y, Benck KN, Kabir Khan A, Altabbakh O, Dar T,
Lamelas J. Isolated tricuspid valve repair versus replacement: predictors
of mortality on the national level. Innovations (Phila). 2023;18:568-66. doi:
10.1177/156569845231153127

Mentias A, Saad M, Menon V, Reed GW, Popovic Z, Johnston D,
Rodriguez L, Gillinov M, Griffin B, Jneid H, et al. Transcatheter vs surgical
aortic valve replacement in pure native aortic regurgitation. Ann Thorac Surg.
2023;115:870-876. doi: 10.1016/j.athoracsur.2022.09.016

Watanabe A, Miyamoto Y, Ueyama H, Gotanda H, Tsugawa Y, Kuno T. Percu-
taneous microaxial ventricular assist device versus intra-aortic balloon pump
for nonacute myocardial infarction cardiogenic shock. J Am Heart Assoc.
2024;13:e034645. doi: 10.1161/JAHA.123.034645

Segal JB, Huang J, Roth DL, Varadhan R. External validation of the claims-
based frailty index in the national health and aging trends study cohort. Am
J Epidemiol. 2017;186:745-747. doi: 10.1093/aje/kwx257

Kundi H, Coskun N, Yesiltepe M. Association of entirely claims-based frailty
indices with long-term outcomes in patients with acute myocardial infarc-
tion, heart failure, or pneumonia: a nationwide cohort study in Turkey. Lancet
Reg Health Eur. 2021;10:1001883. doi: 10.1016/jlanepe.2021.100183
Austin PC, Fine JP. Practical recommendations for reporting Fine-Gray
model analyses for competing risk data. Stat Med. 2017;36:4391-4400.
doi: 10.1002/sim.7501

Tsugawa Y, Jena AB, Figueroa JF, Orav EJ, Blumenthal DM, Jha AK. Com-
parison of hospital mortality and readmission rates for Medicare patients
treated by male vs female physicians. JAMA Intern Med. 2017;177:206—
213. doi: 10.1001/jamainternmed.2016.7875

January 2025 10



Shimoda et al

30.

31.

32.

33.

34.

35.

36.

37.

Circ Cardiovasc Interv. 2025;18:e014825. DOI: 10.1161/CIRCINTERVENTIONS.124.014825

Almarzooq ZI, Song Y, Dahabreh IJ, Kochar A, Ferro EG, Secemsky EA,
Major JM, Farb A, Wu C, Zuckerman B, et al. Comparative effectiveness of
percutaneous microaxial left ventricular assist device vs intra-aortic balloon
pump or no mechanical circulatory supportin patients with cardiogenic shock.
JAMA Cardiol. 2023;8:744~754. doi: 10.1001/jamacardio.2023.1643

Aso S, Yasunaga H. Introduction to instrumental variable analysis. Ann Clin
Epidemiol. 2020;2:69—74. doi: 10.37737/ace.2.3_69

Kobari Y, Inohara T, Saito T, Yoshijima N, Tanaka M, Tsuruta H, Yashima F,
Shimizu H, Fukuda K, Naganuma T, et al. Aspirin versus clopidogrel as single
antithrombotic therapy after transcatheter aortic valve replacement: insight
from the OCEAN-TAVI registry. Circ Cardiovasc Interv. 2021;14:e010097.
doi: 10.1161/CIRCINTERVENTIONS.120.010097

KobayashiM, SpillerMW,Wu X,WangR,Chillarige Y, Wernecke M,MaCurdy TE,
Kelman JA, Deng L, Shang N, et al. Association of pneumococcal conjugate
vaccine use with hospitalized pneumonia in Medicare beneficiaries 65 years
or older with and without medical conditions, 2014 to 2017. JAMA Intern
Med. 2023;183:40—47. doi: 10.1001/jamainternmed.2022.5472

Miyawaki A, Jena AB, Gross N, Tsugawa Y. Comparison of hospital out-
comes for patients treated by allopathic versus osteopathic hospital-
ists: an observational study. Ann Intern Med. 2023;176:798-806. doi:
10.7326/M22-3723

Gray WA, Abramson SV, Lim S, Fowler D, Smith RL, Grayburn PA, Kodali SK,
Hahn RT, Kipperman RM, Koulogiannis KP, et al; Cardioband TR EFS Inves-
tigators. 1-year outcomes of cardioband tricuspid valve reconstruction sys-
tem early feasibility study. JACC Cardiovasc Interv. 2022;15:1921-1932.
doi: 10.1016/}cin.2022.07.006

Wengenmayer T, Zehender M, Bothe W, Bode C, Grundmann S. First
transfemoral percutaneous edge-to-edge repair of the tricuspid valve
using the MitraClip system. Eurolntervention. 2016;11:1541-1544. doi:
10.4244/E1JV11113A296

Fam NP, Braun D, von Bardeleben RS, Nabauer M, Ruf T, Connelly KA,
Ho E, Thiele H, Lurz P, Weber M, et al. Compassionate use of the PASCAL
transcatheter valve repair system for severe tricuspid regurgitation: a mul-
ticenter, observational, first-in-human experience. JACC Cardiovasc Interv.
2019;12:2488-2495. doi: 10.1016/}jcin.2019.09.046

38.

39.

40.

41.

42,

43.

44,

45,

Transcatheter Versus Surgical Tricuspid Repair

Dreyfus J, Galloo X, Taramasso M, Heitzinger G, Benfari G, Kresoja KP,
Juarez-Casso F, Omran H, Bohbot Y, lliadis C, et al; TRIGISTRY Investi-
gators. TRI-SCORE and benefit of intervention in patients with severe
tricuspid  regurgitation.  Eur  Heart J. 2024;45:5686-597. doi:
10.1093/eurheartj/ehad585

Mar PL, Angus CR, Kabra R, Migliore CK, Goswami R, John LA, Tu Y,
Gopinathannair R. Perioperative predictors of permanent pacing and long-
term dependence following tricuspid valve surgery: a multicentre analysis.
Europace. 2017;19:1988-1993. doi: 10.1093/europace/euw391

Kassab J, Harb SC, Desai MY, Gillinov AM, Layoun H, EI Dahdah J,
Chedid El Helou M, Nakhla S, Elgharably H, Kapadia SR, et al. Incidence,
risk factors, and outcomes associated with permanent pacemaker implanta-
tion following tricuspid valve surgery. J Am Heart Assoc. 2024;13:e032760.
doi: 10.1161/JAHA.123.032760

Tang GHL, Kaple R, Cohen M, Dutta T, Undemir C, Ahmad H, Poniros A,
BennettJ,Feng C, Lansman S. First percutaneous Micra leadless pacemaker
implantation and tricuspid valve repair with MitraClip NT for lead-associated
severe tricuspid regurgitation. Eurolntervention. 2017;12:e1845-e1848.
doi: 10.4244/EIJ-D-17-00023

Wang TKM, Mentias A, Akyuz K, Kirincich J, Crane AD, Popovic ZB,
Xu B, Gillinov AM, Pettersson GB, Griffin BP, et al. Effect of tricuspid
valve repair or replacement on survival in patients with isolated severe
tricuspid  regurgitation. Am J  Cardiol 2022;162:163-169. doi:
10.1016/j.amjcard.2021.08.069

Quan H, Parsons GA, Ghali WA. Validity of information on comorbidity
derived from ICD-9-CCM administrative data. Med Care. 2002;40:675—
685. doi: 10.1097/00005650-200208000-00007

Torres C, Lozier MR, Davidson CJ, Ailawadi G, Donatelle M, Vedantam K,
Kodali SK, Leon MB, Beohar N. In-hospital outcomes of transcatheter tri-
cuspid valve repair: an analysis from the national inpatient sample. J Soc Car-
diovasc Angiogr Interv. 2022;1:100414. doi: 10.1016/jjscai.2022.1004 14
Sedhom R, Megaly M, Saad M, Elbadawi A, Witzke CF, Garcia S, Latib A,
Gafoor SA. Transcatheter edge-to-edge repair of the tricuspid valve: the
US experience. Catheter Cardiovasc Interv. 2022;99:1859-1866. doi:
10.1002/ccd.30141

January 2025 11





