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I I The management of severe tricuspid regurgita-
tion (TR) in elderly patients has been trans-
formed by transcatheter edge-to-edge repair

(TEER), now a cornerstone for those at prohibitive sur-
gical risk.""! However, with increasing procedural
volumes, recurrent TR after TEER is emerging as a rel-
evant clinical challenge.” Although three-dimensional
(3D) echocardiography provides superior characteriza-
tion of complex post-procedural orifices, its role in guid-
ing the difficult decision between redo intervention and
conservative management in octogenarians remains in-
sufficiently defined."”

We report the case of an 80-year-old woman admitted
to our cardiac rehabilitation unit for acute decompen-
sated heart failure. Her clinical background was com-
plex, including chronic cor pulmonale, permanent atrial
fibrillation, and prior tricuspid TEER performed two
years earlier with two TriClip devices. She presented
with features consistent with advanced geriatric frailty
and reduced physiological reserve, manifesting as
hemodynamic instability (systolic blood pressure 90-100
mmHg, paced heart rate 55 beats/ min), along with signs
of venous congestion, including lower-limb edema and
mild jugular venous distension. Her condition was fur-
ther complicated by multiple comorbidities, including
hyperthyroidism requiring careful methimazole titration,
chronic gastritis, recent urinary tract infection, mild
thrombocytopenia, and dependence on a permanent
VVI pacemaker. Functional assessment revealed impair-
ment in activities of daily living (ADL: 4/6 lost), sup-
porting the presence of frailty. Laboratory tests showed
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serum creatinine of 1.38 mg/dL and N-terminal pro-B-
type natriuretic peptide (NT-proBNP) of 1610 pg/mL.
Initial two-dimensional (2D) transthoracic echocardio-
graphy demonstrated moderate-to-severe TR, right
ventricular (RV) dilation (49 mm), pulmonary hyperten-
sion (systolic pulmonary artery pressure 50 mmHg), and
moderately reduced RV systolic function (tricuspid an-
nular plane systolic excursion: 14 mm).

A comprehensive offline 3D echocardiographic ana-
lysis (Philips EPIQ 7) proved crucial in clarifying the
mechanism of recurrent TR. Importantly, 3D imaging
was not only diagnostic but also decisional, as it identi-
fied anatomical features associated with a very low like-
lihood of procedural success. While tricuspid tethering
height was similar between 2D and 3D (1.1 vs. 1.2 cm),
the regurgitant burden was markedly underestimated
by 2D imaging (Figure 1). Vena contracta measured 0.35
cm on 2D versus 0.71 cm on 3D multiplanar reconstruc-
tion, and the 3D-derived jet area was more than twice the
2D estimate (11 vs. 5 cm?). Quantitative volumetric ana-
lysis confirmed this discrepancy, with an effective regur-
gitant orifice area (EROA) of 0.263 cm” on 2D versus
0.366 cm” on 3D. Crucially, 3D imaging revealed a highly
irregular and extensive regurgitant orifice, with a vena
contracta area (VCA) of 0.521 cm’. Due to acoustic shad-
owing from the clips, VCA was derived using an ellips-
oidal approximation from orthogonal diameters, as
commonly adopted in complex post-TEER geometries
(Figure 2). Retrospective 3D assessment of the index pro-
cedure demonstrated suboptimal anterior leaflet capture,
multiple residual gaps, and severe systolic tethering
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Figure 1 Comparison of 2D and 3D echocardiographic parameters for the evaluation of recurrent tricuspid regurgitation post-
TEER. (A): Two-dimensional transthoracic imaging demonstrating severe systolic tethering with a tethering height of 1.10 cm, indicat-
ing unfavorable right ventricular remodeling; (B): Three-dimensional reconstruction demonstrating consistent findings of severe systol-
ic tethering with a tethering height of 1.26 cm; (C): Two-dimensional color Doppler assessment significantly underestimating the regur-
gitant jet burden, with a vena contracta measurement of 0.350 cm; (D): Three-dimensional multiplanar reconstruction revealing a much
larger and clinically representative vena contracta of 0.715 cm along the major axis of the asymmetric orifice, confirming the presence of
truly severe tricuspid regurgitation and highlighting the inherent limitations of two-dimensional imaging in post-procedural complex
geometries.
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Figure 2 Advanced 3D multiplanar reconstruction and area quantification of recurrent tricuspid regurgitation. (A): Multiplanar re-

construction showing the orthogonal plane used to correctly align the eccentric regurgitant jet, to ensure accurate alignment and meas-
urement of the narrowest cross-sectional area; (B): the used orthogonal plane demonstrates a highly irregular orifice morphology; (C):
Quantitative three-dimensional assessment of vena contracta area (VCA). Due to acoustic shadowing from previously implanted
devices, an ellipsoidal approximation was applied using a major axis of 1.12 cm and a minor axis of 0.595 cm, yielding a final 3D VCA
of 0.521 cm2 that confirms severe tricuspid regurgitation and supports Heart Team decision-making by highlighting the low likelihood
of a successful redo intervention.

(1.1-1.2 cm). A coaptation gap > 0.7 cm, together with the Surgical re-intervention was excluded due to prohib-
risk of steric interaction with existing clips and the pa- itive operative risk (EuroSCORE II 12.4%) and advanced
cing lead, indicated a very low probability of success for ~ frailty. The case was therefore discussed by a mul-
redo TEER. tidisciplinary Heart Team including cardiologists, geri-
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atricians, a psychologist, a physiotherapist, and special-
ized rehabilitation nurses. Based on the integrated clinic-
al and imaging assessment, a comprehensive conservat-
ive strategy was pursued. Pharmacological therapy was
optimized through careful titration of loop diuretics (fur-
osemide 100 mg/ day), with close monitoring of electro-
lytes and renal function. The patient subsequently un-
derwent a 20-day tailored cardiac rehabilitation pro-
gram. Nursing care focused on medication adherence,
education on fluid management and daily weight mon-
itoring, and support with ADL adapted to her hemody-
namic fragility. A physiotherapist implemented a pro-
gressive mobilization program emphasizing energy con-
servation and frailty-adapted resistance training. Psy-
chological evaluation confirmed preserved cognition
(Mini-Mental State Examination > 24/30) and adequate
emotional resilience.

The clinical course was favorable. Following initial
stabilization and diuretic optimization, symptoms im-
proved from New York Heart Association (NYHA) class
IV to III within one week, with resolution of peripheral
edema and jugular venous distension. Completion of the
rehabilitation program led to further improvement to
NYHA class II at discharge. This was accompanied by
right heart reverse remodeling (RV basal diameter 49 —
43 mm) and reduction in systemic venous congestion
(inferior vena cava diameter 20 — 17 mm). Renal func-
tion improved markedly, with serum creatinine de-
creasing from 1.38 to 0.86 mg/dL. At one-month follow-
up, clinical and hemodynamic stability were maintained,
with preserved functional independence and stable pul-
monary pressures. NT-proBNP further decreased to 1429
pg/mL, supporting a favorable neurohormonal re-
sponse.

This case highlights several points of particular relev-
ance in geriatric cardiology. First, it confirms that 2D
PISA systematically underestimates TR severity in post-
TEER settings, a well-recognized limitation. Conven-
tional 2D measurements fail to capture the complex, of-
ten elliptical and fragmented geometry of residual re-
gurgitant orifices created by clips. ! In this context, 3D-
derived EROA and VCA provide a more accurate as-
sessment of regurgitant burden, in line with current re-
commendations supporting 3D multiplanar reconstruc-
tion as the reference standard for complex valvular le-
sions." Such precision is essential to identify patients un-
likely to benefit from further intervention.

Second, the marked improvement in renal function
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underscores the central role of venous congestion in the
cardiorenal axis in elderly patients. In advanced TR, el-
evated central venous pressure may impair renal perfu-
sion more significantly than reduced cardiac output.”
Relief of congestion likely restored the transrenal perfu-
sion gradient, suggesting that targeting venous pressure
may be more effective than high-risk structural inter-
vention in selected older patients."!

Furthermore, while TEER aims to reduce volume
overload, its long-term effects on RV-pulmonary artery
coupling remain uncertain, particularly in the presence
of myocardial fibrosis or pacing-induced dyssynchrony."”
The observed reverse remodeling supports the potential
contribution of structured rehabilitation in improving
RV-pulmonary vascular coupling, even in the persist-
ence of significant TR.!""""

In conclusion, this case underscores the importance of
integrating advanced 3D imaging with frailty assess-
ment to define the boundaries of clinical futility. In octo-
genarians, therapeutic goals often shift from achieving
complete valve competence to preserving functional in-
dependence and minimizing hospitalizations.!? When
3D imaging reveals unfavorable anatomy, a combined
strategy of optimized medical therapy and structured re-
habilitation may represent the most appropriate and eth-
ically sound approach. Although limited by short-term
follow-up, this report supports a physiology-driven con-
servative strategy in selected frail patients. In advanced
age, stabilizing hemodynamics and preserving au-
tonomy may be more meaningful than pursuing ana-
tomical correction through high-risk reintervention. In
such cases, the value of advanced imaging lies not in
guiding intervention, but in supporting the decision to
safely avoid it. "
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