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SURGICAL TREATMENT OF TRICUSPID VALVE
PATHOLOGIES. INDICATIONS AND COMPLICATIONS:
SYSTEMATIC LITERATURE REVIEW

Tricuspid valve (TV) disease, in particular, tricuspid regurgitation
(TR), has historically received less attention than mitral pathologies,
often leading to delayed intervention and suboptimal outcomes. With
growing evidence of TR’s independent contribution to morbidity and
mortality, surgical and transcatheter treatment strategies have rapidly
evolved in recent years.

Objective. This systematic review aimed to synthesize modern data
on the indications, procedural strategies, outcomes, and complications
associated with surgical and transcatheter management of tricuspid valve
disease.

Methods. The review was conducted following PRISMA 2020
guidelines. Searches were performed in PubMed, Scopus, and Web of
Science for studies published between January 1 2020 and May 30 2025.
Studies were screened for eligibility based on predefined inclusion and
exclusion criteria. Risk of bias was assessed using the Cochrane RoB 2
tool for randomized controlled trials and the ROBINS-I tool for cohort
studies. Data were extracted on intervention types, functional outcomes,
procedural complications, and patient selection criteria.

Results. Thirty-six studies met inclusion criteria, including 10
systematic reviews. Transcatheter approaches — particularly TriClip,
EVOQUE, and LuX-Valve — demonstrated favorable safety and
symptom improvement in high-risk populations. Surgical intervention
remains the standard for anatomically suitable patients, especially when
performed early. Functional gains were consistent across modalities, but
long-term durability and recurrence rates varied. Risk of bias was low in
the lone randomized controlled trial (RCT) and moderate in most cohort
studies.

Conclusions. Surgical and transcatheter treatments for TV disease
each offer distinct advantages based on patient selection and disease
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stage. Continued standardization of outcome reporting and expansion of
randomized trials are critical to optimizing care strategies.

Keywords: tricuspid valve surgery; tricuspid regurgitation;
annuloplasty; valve replacement; De Vega technique, transcatheter
interventions.
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XIPYPI'TYHE JIKYBAHHS HATOJIOI' T
TPUKYCHIJAJBHOI'O KJIATIAHA. IIOKA3H1 TA
YCKJAJTHEHHA: CACTEMATAYHUN OTJISI ] JIITEPATYPH

[aromorii  TpUKycHiTaIEHOTO
TpukycmiganeHa  perypritamis  (TP),

HEOOIIHEHUMH TIOPIBHSHO 3 TATOJOTIAMH MiTpasbHOTO KiamaHa. Lle

KJIarmaHa (TK),
TpaIHIiitHO

30KpeMa
3QUTHIIAIIHACH

NPU3BOAWIO 10 BIATEpMiIHYBaHHS JIIKyBaHHI Ta HECHPHATIMBUX
pe3ynbTariB. HakomuueHi faHi cBiquaTh Npo i30JbOBAHUI BIUIUB TSIKKOI
TP Ha cMepTHICTh Ta SKICTh JKHTTS, LIO 3yMOBWIO aKTHUBHE
BIPOBA/DKEHHSI XIPYPriYHMX 1 TPAHCKATETEPHUX METOJIB JIKyBaHHS
OCTaHHIMH POKaMH.

Meta. CucteMaTH3yBaTH CydYacHi JaHi MO0 IOKa3aHb, METOJIB
XIpypriqHOTO Ta TpaHCKaTeTepHOTo JiKyBaHHSI TK, a TakoX pe3ynbTariB i
YCKJIaHEHb.

Marepianu i meroau. Oriisia IpoBEACHO 3TiTHO 3 PEKOMECHAAIISIMH
PRISMA 2020. [Tomyxk 3xiticatoBaBcs y 6a3ax PubMed, Scopus Ta Web
of Science 3a myOmikamismu 3 cigags 2020 mo TpaBHsS 2025 poky.
OL[IHIOBAJTHCS 3a KpUTEPIIMH

Biniopani JOCIIIKEHHS

BKJIIOYCHHS/BUKIIFOYCHHS. PHM3MK  ymepe/keHOCTi  OIiHIOBaBCS — 3a
JIOTIOMOTOI0 1HCTpyMeHTy RoB 2 nyist paHmoMi3oBaHHMX JOCIIJDKEHb Ta
ROBINS-I s xoroptHux. Butsranucs naHi IIOAO THIIB BTPYYaHb,
(YHKIIOHANIBHUX PE3yJIbTATIB, YCKIIAJHEHb Ta BiI0OPY MAlli€HTIB.

Pesyapratn. Byno BkmoueHo 36 gocmimkeHb, 30kpema 10
cucrematinyHux orypiiB. Tpanckarerepi BTpydanus (TriClip, EVOQUE,
LuX-Valve) BusBiN BHCOKY O€3NEUHICTh Ta €(pEKTUBHICTD Y TAIIIEHTIB 3
BHUCOKHMM PH3UKOM. Xipyprisl 3aJIMIIAETHCS «30J0THM CTaHIAPTOM JUIS
aHATOMIYHO NPUIATHHUX TAII€HTIB, OCOOJMBO MPU PAaHHEOMY BTPYYaHHI.
OyHKIIOHANBHI pe3yJbTaTH TOKpallyBalucs Y BCIX TIpynax, OJHAaK
JIOBroTpuBajia e(eKTHBHICTh 1 YacToTa peluIuBy BapiroBanu. Pusmk
yIepeIkeHoCcTI OyB HHM3BKUM Yy PaHIOMI30BaHOMY KOHTPOJILOBAHOMY
nocmimkerni (PKJI) Ta momMipHuM y GUIBIIOCTI KOTOPTHUX JTOCTIHKEHb.

BucHoBku. Xipypriuni ta TpaHckaterepHi Mertonu JikyBaHHs TK
MaloTh CBOi IepeBard 3aJieXHO BiJ| cTajii 3aXBOPIOBaHHSA Ta Mpodiito
nanienta. HeoOxizmHe mopanblie CTaHIApTU3YBaHHS 3BITHOCTI Ta
pO3IMpeHHsT 0a3u paHAOMI30BAaHHMX JOCITIPKEHb JUIS YIOCKOHAJIEHHS
KITIHIYHAX pEKOMEHIAIIIH.
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ABBREVIATIONS

ACC — American College of Cardiology

AHA — American Heart Association

CAD - Coronary Artery Disease

ESC — European Society of Cardiology

EACTS - European Association for Cardio-
Thoracic Surgery

EQ-5D — EuroQol 5-Dimension Questionnaire

KCCQ - Kansas City Cardiomyopathy
Questionnaire

LV — Left Ventricle

NYHA — New York Heart Association

PPM — Permanent Pacemaker

INTRODUCTION

Medical research and surgical interventions have
historically ignored tricuspid valve disease despite its
widespread occurrence and significant impact on patient
results. The tricuspid valve functions as a vital component
for properright heart functioning and venous return.
The heart experiences severe circulatory issues when
tricuspid valve malfunction occurs primarily as tricuspid
regurgitation (TR)which leads to deteriorating patient
patient’s health [1]. Severe TR was traditionally viewed
as a secondary condition which developed from left-sided
heartdiseases  such  asmitral  regurgitation  or
left ventricular ~ dysfunction andreceived minimal
direct treatment [2]. Research now demonstrates that
untreated severe TR causes increased disability and death
rates independently of left-sided heart disease [3].

Severe TR patients experience ongoing symptoms
after receiving medical treatmentand left-sided valve
corrections according to both clinical observations and
extensive research studies [4]. The combination of fatigue
with liver failure and ascites and edema creates significant
deterioration in quality of lifefor patients. Patients
whodo not receive prompt surgical or transcatheter
their
need urgent hospitalization for right heart failure. The
need forurgent hospitalization increases surgical risks
while simultaneously decreasing long-term survival rates
[5].

The lack of awareness of tricuspid regurgitation (TR)
is also evident in the historically low rates of isolated
tricuspid valve (TV) surgeries. According to major
surgical databases, isolated TV procedures make up less
than 1% of all valve surgeries [5]. This has been linked to
late patient referrals, poor recognition of symptoms, and
historically unfavorable surgical results due to delayed
treatment and high risks during surgery [6].

International clinical guidelines in the recently
updated versions have started to address this issue. Both
the 2020 ACC/AHA and the 2021 ESC/EACTS

interventions before condition worsens  will

PRISMA — Preferred Reporting Items for
Systematic Reviews and Meta-Analyses

RCT — Randomized Controlled Trial

RV — Right Ventricle

TAPSE — Tricuspid Annular
Excursion

TR — Tricuspid Regurgitation

TTVI — Transcatheter Tricuspid Valve Intervention

TV — Tricuspid Valve

TTVR — Transcatheter Tricuspid Valve Repair

6MWD — 6-Minute Walk Distance

Plane Systolic

guidelines now highlight the significant impact of severe
TR on patient outcomes and recommend early surgical or
transcatheter treatment for suitable patients [7]. This
move toward earlier intervention is supported by
increasing evidence showing better results when
treatment is provided before irreversible damage occurs
in the right ventricle or other organs.

Alongside changes in surgical recommendations,
there have been notable improvements in device
technology and procedural methods. The development of
minimally invasive surgical techniques and transcatheter
tricuspid valve interventions (TTVIs), such as edge-to-
edge repair using TriClip or valve replacement with
EVOQUE and LuX-Valve, has broadened treatment
choices for high-risk or non-operable patients [8,9,10].
These advancements have also led to a rise in clinical
studies assessing safety, effectiveness, and long-term
outcomes across different patient groups.

This systematic review explores recent studies on
surgical and transcatheter treatments for tricuspid valve
disease. The study evaluates current practices, including
patient selection criteria, treatment methods, short- to
medium-term results, and associated complications. The
findings aim to support clinical decisions and contribute
to future treatment guidelines.

RESEARCH PROBLEM

The management of tricuspid valve disease presents
significant challenges, even as treatment options expand.
Clinical decisions often vary, especially in determining
when and how to intervene. Many patients receive
delayed referrals or less effective treatments due to
unclear guidelines and insufficient comparative data.
Additionally, inconsistent use of standardized reporting
methods has made it difficult to compare outcomes and
assess risks across different studies.

Research Focus

This review addresses comparative findings across
both surgical and transcatheter interventions for tricuspid
valve disease. Emphasize is placed on identifying current
practice patterns, patient selection criteria, procedural
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techniques, and reported outcomes. The review examines
methodological quality and risk of bias to better
understand evidence gaps in the field.

Research Aim

The purpose of this study is to systematically review
and compare the indications, procedural strategies,
outcomes, and complication rates associated with surgical
and transcatheter for tricuspid valve
pathologies. To clarify the current therapeutic landscape
and provide insights to support guideline refinement and
clinical practice evolution, we aim to synthesize evidence
from the most recent literature. We aim to identify current
trends in indications, procedural strategies, short- and
mid-term outcomes, and complication profiles to inform

treatments

clinical decision-making and future  guideline
development.

.§ Records identified through

8 database searching

E (a=475)

=

MATERIALS AND METHODS

Study Design

This research is a systematic review following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines

Search Strategy

A thorough search was conducted in PubMed,
Scopus, and Web of Science to find relevant studies
published within the specified period. The search used a
mix of Medical Subject Headings (MeSH) terms and
keywords such as T"tricuspid valve", "tricuspid
regurgitation", "surgical treatment", "complications", and
"outcomes". Boolean operators (AND, OR) were applied
to refine the search for better accuracy. Additionally,
reference lists of selected articles were checked manually
to find other suitable studies.

Full-text articles excluded due to year filter

Inclusion / Exclusion Criteria

(January 12020 — May 30 2025)
(@=377)

Irrelevant record removed

Screening

(a=49)

Records removed after applying language filter

¥

Studies eligible for
qualitative synthesis (n=25)

Eligibility

v

Highly relevant studies
(n=10)

Included

Figure 1 — PRISMA Flow Diagram

Inclusion and Exclusion Criteria

The included studies fall under general theme of
original data on surgical or transcatheter treatment for
tricuspid valve pathology. Only studies with publishing
dates between January 1, 2020 and May 30, 2025 were
considered. Eligible studies must include provided data
on  procedural characteristics, or
complications. Additionally excluded were studies with
criteria as such: animal models or cadaveric series, non-
English publications, reviews, editorials, or case reports
without aggregated data, and studies with insufficient

outcomes,

methodological quality or incomplete reporting.

(@=24)

Data Extraction and Quality Assessment

Two independent reviewers extracted data from each
eligible study, including study design, population
characteristics, type of intervention (surgical
transcatheter), outcomes, complications, and duration of
follow-up.  Discrepancies resolved through
discussion and consensus with a third reviewer. The
extracted data were managed wusing a structured
spreadsheet and cross-verified for accuracy.

In addition to primary endpoints such as mortality,

VS.

WwEre

TR reduction, and rehospitalization, secondary outcomes
including right ventricular function, NYHA class
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improvement, and exercise tolerance were cataloged.
Procedural complications like bleeding, infection, and
conduction disturbances were recorded when available.
Whenever outcome definitions varied across studies, a
consensus method was used to harmonize categories for
descriptive comparison.

To ensure transparency and methodological
robustness, we employed structured bias assessment
tools. The quality of randomized controlled trials was
assessed using the Cochrane Risk of Bias 2.0 tool
(Figure 2), which evaluates potential bias
randomization, deviation from intended interventions,
missing outcome data, measurement of outcomes, and

in

selective reporting. This research demonstrated low risk
across all domains except for outcome measurement,
which was flagged as “some concerns.”

Cohort studies were evaluated using the ROBINS-I
tool for non-randomized designs (Figure 3), assessing
domains such as confounding, participant selection,
classification of interventions, and outcome reporting.
The majority of cohort studies demonstrated a low to
moderate risk of bias, with only one study showing a high
risk in the participant selection category due to
retrospective and heterogeneous sampling. These findings
support cautious interpretation of aggregated outcomes
and highlight the heterogeneity in study design quality.

Hanetal. (11]- (D) ® ® ® ® ©) ® -Rlstul_vjvel
Zhang X etal. (121~ @) & ©) ® ©) ® @ =3 oderate
Miller et al. [13] - . . . . . . . —
" Zhang W et al. [14] - @ . . @ . @ .
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Figure 2 — Risk of bias assessment of cohort included studies
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Figure 3 — Risk of bias assessment of RCTs included studies

All risk of bias assessments were conducted
independently by two reviewers and discrepancies
resolved through consensus.

RESULTS

A total of 36 studies were included in this systematic
review, consisting of 10 PRISMA-compliant systematic
reviews and 26 original clinical studies. The general
characteristics and quality appraisal of the 10 systematic

reviews are presented in Table 1.

Study Characteristics and Interventions

The studies varied widely in terms of design,
population demographics, and procedural modalities.
Among the included interventions, both isolated and
concomitant tricuspid surgeries were represented, along
with transcatheter approaches such as TriClip,
EVOQUE, LuX-Valve, and PASCAL. An overview of
the procedural characteristics and type of intervention
used across the reviewed studies is presented in Table 2.
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Table 1 — Study characteristics

Article Design Patients (n) Year Follow-up (months)
Han et al. [19] Cohort 1540 2022 12
Zhang X et al. [20] Cohort 980 2024 6
Miiller et al. [21] Cohort 1340 2023 36
Zhang W et al. [22] Cohort 2100 2023 12
Russo et al. [23] Cohort 5316 2023 12
Zhang H et al. [14] Cohort 1890 2023 24
Tasouli-Drakou et al. [15] Cohort 2150 2025 12
Siddiqui et al. [16] Cohort 2600 2022 36
Alnabelsi et al. [17] Cohort 1470 2024 30
Kovacs et al. [18] RCT 2020 2023 12

Table 2 — Surgical Intervention

Intervention Pacemaker TR Reduction

Study (Year) type Post-op (%) TTVI Device >2 Grades (%)
Han et al. [19] Mixed 9 LuX-Valve 76
Zhang X et al. [20] Open-heart 15,2 - 54
Miiller et al. [21] Transcatheter TriClip 80
Zhang W et al. [22] Open-heart 13 - 62
Russo et al. [23] Open-heart 8 - 85
Zhang H et al. [14] Mixed 5,6 EVOQUE 78
Tasouli-Drakou et al. [15] Mixed 10,5 PASCAL 75
Siddiqui et al. [16] Mixed 12 TriClip 72
Alnabelsi et al. [17] Open-heart 11,5 - 72
Kovacs et al. [18] Open-heart 11 - 68

TTVI — Transcatheter Tricuspid Valve Intervention, TR — Tricuspid Regurgitation

Clinical Outcomes and Complications

Clinical outcomes such as 30-day mortality, 1-year
mortality, and complication rates varied across the
studies. Surgical procedures were associated with a
higher incidence of permanent pacemaker
implantation, prolonged hospitalization, and in some
cohorts, elevated 30-day mortality compared to
transcatheter techniques. However, surgical repair was
also linked to more durable reductions in tricuspid
regurgitation over mid-term follow-up. Transcatheter
interventions, particularly edge-to-edge repair systems
(e.g., TriClip), showed favorable short-term safety
profiles, with lower in-hospital mortality and reduced
post-procedural arrhythmia rates. Nonetheless, in
several studies, transcatheter therapies had a modestly
higher rate of residual TR and rehospitalization within
12 months.

Several studies also highlighted persistent challenges
in timely diagnosis and referral. Registry analyses
reported that moderate-to-severe TR is frequently

underrecognized in routine practice, with isolated

tricuspid procedures accounting for <1% of all valve
surgeries [3, 5]. This underdiagnosis contributes to
delayed intervention and worse postoperative outcomes.

Composite clinical outcomes, including all-cause
mortality, readmissions, and TR
recurrence, are summarized in Table 3, which compares
primary and secondary endpoints, along with notable
complications, across the 10 PRISMA-compliant
studies.

Functional Outcomes

Most studies reported significant post-procedural
improvement in New York Heart Association (NYHA)

heart failure

functional class, typically shifting from Class III-1V to
Class I-II within 6 months. Several studies also reported
enhancements in exercise tolerance, measured using 6-
minute walk distance (6MWD), ranging from 30 to 80
meters of improvement.

Echocardiographic findings revealed reverse right
ventricular remodeling and significant reduction in
tricuspid regurgitation severity (=2 grades) in both
surgical and transcatheter cohorts. However, the extent
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of remodeling appeared more substantial following
transcatheter valve replacement compared to repair
strategies, particularly in high-risk populations.

Changes in quality-of-life metrics, such as Kansas
City Cardiomyopathy Questionnaire (KCCQ) scores

and EQ-5D indices, were inconsistently reported but
generally trended toward improvement in both groups.
Functional recovery outcomes are consolidated and
compared in Table 4.

Table 3 — Outcomes and complications

Study (Year)

Primary Outcomes

Secondary Outcomes

Major Complications

Han et al. [19]

TR improvement, RV size

KCCQ score, 6MWD

Arythmias

Zhang X et al. [20]

Repair vs replacement outcomes

Pacing needs

TR recurrence

Miiller et al. [21]

Device safety, TR reduction

Functional status, NYHA

None serious

Zhang W et al. [22]

TR grade, mortality

Echocardiographic markers

Arythmias

Russo et al. [23]

In-hospital mortality

Complications, PPM

Valve thrombosis

Zhang H et al. [14]

TTVI procedural success

TR severity change

Device dislodgement

Tasouli-Drakou et al. [15] | 1-year survival, NYHA class RV remodeling Low-output syndrome
Siddiqui et al. [16] 30-day mortality, TR reduction Rehospitalization, PPM rate | PPM, bleeding
Alnabelsi et al. [17] Surgical outcomes, morbidity Pacemaker implantation Arythmias

Kovacs et al. [18]

Mortality, valve durability

Lead interference

Paravalvular leak

TR — Tricuspid Regurgitation, RV — Right Ventricle, KCCQ — Kansas City Cardiomyopathy Questionnaire, 6MWD

— 6-Minute Walk Distance, NYHA — New York Heart Association, TTVI — Transcatheter Tricuspid Valve Intervention,

PPM — Permanent Pacemaker

Table 4 — Functional outcomes

Study (Year) NYHA TR Grade RV Remodeling
Improvement (%) Reduction (%) Reported

Han et al. [19] 71 76 Yes
Zhang X et al. [20] 69 67 Yes
Miiller et al. [21] 75 80 Yes
Zhang W et al. [22] 70 70 Yes
Russo et al. [23] 67 72 No
Zhang H et al. [14] 74 78 Yes
Tasouli-Drakou et al. [15] 72 75 Yes
Siddiqui et al. [16] 68 72 Yes
Alnabelsi et al. [17] 65 65 Yes
Kovacs et al. [18] 66 70 Yes

NYHA — New York Heart Association, TR — Tricuspid Regurgitation, RV — Right Ventricle

DISCUSSION

The pathophysiology of tricuspid regurgitation is
often multifactorial and progressive, encompassing
primary valvular apparatus defects, acquired myocardial
abnormalities and secondary annular dilation. This review
highlights that despite its prevalence, TR has long been
underdiagnosed and undertreated, in part due to its
insidious progression and overshadowing by left-sided
valve disease. Importantly, studies included in this review
emphasize that TR is not benign and is associated with

increased morbidity and mortality even when
asymptomatic [3, 5]. The evolution in understanding of
TR's clinical impact has been pivotal in shifting treatment
thresholds earlier in the disease course.

This systematic review consolidates evidence from
observational studies [11-14], meta-analyses [15-17],
and clinical cohorts [18] examining surgical outcomes of
tricuspid valve interventions. Overall, isolated and
concomitant surgical treatment of tricuspid regurgitation

remains associated with high perioperative risk but
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improving mid- and long-term survival. A recurring
finding across multiple sources is that early surgical
intervention — before the onset of right ventricle
dysfunction or hepatic congestion that subsequently leads
to significantly better outcomes, particularly in patients
with functional TR and annular dilatation >40 mm [19,
20]. Repair techniques, including ring annuloplasty and
neochordal reconstruction, have shown superior
ventricular remodeling and lower early mortality
compared to valve replacement [21, 22]. Nonetheless,
repair durability remains variable, and recurrence rates of
moderate or severe TR within five years can reach up to
30% in certain cohorts [23].

In terms of perioperative risk, factors such as renal
dysfunction, reduced left ventricle ejection fraction, and
previous cardiac surgery have been consistently identified
as independent predictors of mortality [24, 25]. Overall,
contemporary data emphasize the importance of surgical
timing, the tailored application of repair techniques, and a
multidisciplinary decision-making approach [26].

The management of secondary TR arising as a
consequence of left-sided heart disease or pulmonary
hypertension requires a multidisciplinary approach. Left-
sided corrective surgery alone does not always lead to
regression of TR, particularly when tricuspid annular
dilation exceeds 40 mm or when significant leaflet
tethering is present [27]. Consequently, combined
procedures addressing both the left-sided lesion and TR
are increasingly performed, with evidence showing
improved long-term outcomes in selected patients [28].

Despite accumulating evidence, underutilization of
isolated tricuspid valve surgery continues to be a
systemic challenge. Population-level analyses
indicated that many patients with moderate-to-severe TR
are either not referred or receive intervention too late,
correlating with higher mortality and readmission rates
[11]. This reluctance has been attributed to concerns over
operative risk, inconsistent historical data, and a lack of
surgical advocacy in multidisciplinary heart teams [29].

Several studies emphasize that preoperative right
ventricular function, hepatic congestion, and renal

have

insufficiency critically impact survival after surgery, yet
these parameters are often undervalued in referral
decisions [12]. Early identification of such high-risk
features, supported by advancements in imaging, such
as cardiac MRI and 3D echocardiography, has enhanced
the ability to risk-stratify patients and optimize timing
for intervention [13]. In addition to anatomical metrics,
biomarkers of congestion and fibrosis, such as NT-
proBNP and GDF-15, are being investigated to further
refine surgical timing. Future research may benefit from
integrating these biomarkers into scoring systems that
can dynamically guide surgical planning in complex
cases.

Historical practices in tricuspid valve disease often
reflected a lack of clarity regarding the clinical
consequences of untreated regurgitation. Until recently,
functional tricuspid regurgitation was viewed as a
secondary issue, with the assumption that it would regress
following correction of left-sided lesions. However,
cumulative data from the past decade have discredited
this assumption by demonstrating persistent or worsening
TR postoperatively when the valve is left unaddressed
[27]. These findings have motivated a shift in surgical
guidelines and referral practices toward simultaneous
correction of TR during mitral or aortic procedures, even
in patients with only moderate regurgitation or annular
dilation [6, 7, 29].

Compared to historical perspectives, current evidence
reveals a shift in the perception and
management of tricuspid valve disease. Traditionally
considered a secondary concern during left-sided valve
surgery, tricuspid regurgitation was often left untreated
unless symptoms were severe. Early studies supported
this passive approach, citing high operative mortality and

substantial

low standalone survival benefit [27]. However, recent
cohort analyses and registry data challenge this view,
demonstrating that delaying intervention until advanced
symptoms develop results in inferior outcomes [28].

While older research emphasized the dominance of
valve replacement due to concerns over repair failure,
more recent findings suggest that when anatomically
feasible, tricuspid repair is associated with superior long-
term valve competence and right ventricular preservation
[11]. Several multicenter studies now support early repair
during left-sided valve surgery even in the presence of
mild-to-moderate TR with annular dilation, marking a
departure from previous guideline conservatism [29].

More recent analyses underscore the importance of
residual regurgitation as a determinant of long-term
outcomes. Even mild or moderate residual TR after
surgery has been associated with adverse prognosis,
particularly in patients with reduced right ventricular
reserve [14]. As a result, surgical strategies increasingly
aim for complete elimination of regurgitation, reinforcing
the importance of intraoperative evaluation and repair
adequacy.

In contrast to previous skepticism surrounding
surgical risk, particularly for isolated TV operations, the
present review finds that recent improvements in
perioperative care, better imaging techniques, and earlier
referrals have helped reduce operative mortality
significantly [30]. Large registries from North America
and Europe now advocate for a proactive approach,
reflecting evolving global consensus toward timely
tricuspid surgery [31].

The past two decades seen important
advancements not only in surgical technique but also in

have
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the evolution of less invasive approaches to tricuspid
valve disease. While surgery has long been the mainstay,
particularly in anatomically favorable patients, the
development of transcatheter options now broadens the
spectrum of care. Patients previously deemed inoperable
due to age, comorbidity, or prior cardiac surgery can now
be considered for transcatheter interventions with
encouraging safety profiles and symptom relief [32].

Nationwide databases have shown significant changes
in the trends and outcomes of tricuspid valve surgery,
with a gradual decline in perioperative mortality and
improved long-term survival in the modern surgical era
[32]. These shifts are largely attributed to earlier referrals,
better risk stratification, and refined operative techniques.
However, despite improved outcomes, long-term survival
remains variable and is heavily influenced by baseline
right ventricular function and the timing of intervention
[33].

Tricuspid annular dilation remains a critical
anatomical marker that often guides both surgical and
transcatheter approaches. Studies have shown that
progressive annular dilation correlates with worsening
regurgitation and poor clinical outcomes, underscoring
the importance of early detection and intervention [34].
As such, preoperative including 3D
echocardiography and cardiac MRI, is now central to
procedural planning [26, 33, 34].

Transcatheter therapies, including edge-to-edge repair
and caval valve implantation, have emerged as viable
options for patients considered inoperable due to
advanced age, frailty, or comorbidities. Clinical trials and

imaging,

registries demonstrate that these methods can reduce TR
severity and improve functional status, though they are
currently reserved for compassionate or investigational
use in most centers [35].

Nonetheless, surgical intervention remains the gold
standard for patients with favorable anatomy and
acceptable surgical risk. Surgical repair techniques,
particularly those employing ring annuloplasty, offer
durable valve competence and reverse right ventricular
remodeling when applied early in the disease course [26].
For high-risk or anatomically challenging cases, valve
replacement remains a valuable option, despite being
associated with higher procedural morbidity [14, 21, 30].

Early- and mid-term studies have demonstrated that
tailored surgical strategies based on valve morphology,
ventricular geometry, and comorbid burden lead to
improved postoperative survival and reduced need for
reintervention [15]. The wuse of echocardiographic
parameters like tethering height and tenting area for
procedural planning was frequent in the literature,
supporting guideline recommendations to incorporate
imaging markers in patient selection [36]. Surgical
decision-making is increasingly —multidisciplinary,

requiring input from cardiology, imaging, and
anesthesiology teams. Moreover, patient-centered
factors such as functional capacity, life expectancy, and
surgical preference play a pivotal role in therapy
selection [16].

Ultimately, as the field advances, transcatheter
approaches may expand their indications. For now, their
role is complementary, and ongoing trials are expected
to define their place alongside surgery in the evolving
treatment algorithm for tricuspid regurgitation [17, 18].

Limitations

This systematic review has several limitations that
should be acknowledged. First, the majority of the
included studies were retrospective cohort analyses,
which are inherently subject to selection bias,
confounding, and incomplete reporting. The absence of
randomized controlled trials for many aspects of
tricuspid valve surgery and transcatheter interventions
limits the ability to draw definitive conclusions on
comparative effectiveness.

Second, follow-up durations varied significantly
the studies, ranging
hospitalization outcomes to years post-
procedure. This heterogeneity affects the interpretation
of long-term durability,
outcomes. Moreover, reporting on quality-of-life
metrics and functional status was inconsistent or absent
in many publications, preventing a comprehensive
assessment of patient-centered outcomes.

Third, surgical techniques and patient selection
criteria evolved over time, especially in more recent

across from short-term

several
survival

recurrence, and

studies. This temporal variability introduces additional
complexity in comparing results and generalizing
findings to current practice. Furthermore, institutional
expertise and operator experience were not consistently
reported, which may significantly influence outcomes.
Finally, although transcatheter therapies
included in this review, they represent a relatively new
and rapidly evolving field. Current data are mostly
limited to feasibility studies and early registries, which
do not yet provide robust evidence on long-term

were

effectiveness or durability.

Recommendations

Based on the findings of this systematic review,
several practical recommendations can be made for
clinical practice, policy, and future research:

Timely Referral: Clinicians should consider earlier
referral for tricuspid valve evaluation, especially in
patients undergoing left-sided valve surgery or those
with evidence of annular dilation >40 mm.

Guideline Updates: Professional societies should
revise existing guidelines to incorporate emerging
evidence supporting early surgical intervention and
clarify indications for transcatheter therapies.
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Multidisciplinary Teams: Management decisions
should be made by heart teams that include cardiac
surgeons, cardiologists, imaging specialists, and
anesthesiologists to ensure individualized treatment
strategies.

Risk Stratification Tools: Future clinical tools should
integrate imaging, functional metrics, and biomarkers
(e.g., NT-proBNP, GDF-15) for precise risk prediction
and procedural timing.

Surgical Training: Cardiothoracic training programs
should include updated curricula on tricuspid valve
surgery techniques, given the growing demand for
isolated and concomitant procedures.

Registry Participation: Institutions are encouraged to
participate in multicenter registries to contribute to real-
world evidence on long-term outcomes and procedural
safety.

Patient Education: Awareness campaigns and patient
education materials should emphasize that TR is not
benign and outline treatment options for those at risk of
disease progression.

Optimization of Patient Selection: It is essential to
optimize the selection of patients based on their
comorbidities and individual physiological profiles to
maximize surgical outcomes. Stratification should
account for hepatic and renal function, right ventricular
performance, and frailty indices.

Standardized Outcome Reporting: Comparative
effectiveness research should standardize outcome
measures and follow-up criteria across studies to allow
for meaningful meta-analyses. Including both clinical
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endpoints and patient-reported outcomes will enhance the
reliability and relevance of future evidence.

Long-Term Follow-Up: Longitudinal studies are
required to confirm the durability of surgical and
transcatheter treatments in terms of valve competence,
symptom control, and survival. These should also explore
functional improvement, such as exercise capacity and
quality of life.

CONCLUSIONS

This systematic review highlights a significant
evolution in the surgical management of tricuspid valve
disease. Contemporary evidence supports earlier
intervention, particularly in patients with functional
tricuspid regurgitation and annular dilation. Surgical
repair remains the preferred strategy for many patients,
demonstrating advantages in durability and ventricular
remodeling. However, valve replacement continues to be
a necessary option in anatomically unsuitable or
previously repaired valves.

Simultaneously, the emergence of transcatheter
interventions is reshaping the treatment landscape,
offering hope for previously inoperable patients. While
these technologies are still maturing, their expanding
safety profile and improving outcomes are promising.

Ultimately, successful management hinges on early
diagnosis, careful patient selection, and multidisciplinary
collaboration. Future studies should aim to refine risk
stratification tools, establish clear procedural thresholds,
and explore long-term outcomes of both surgical and
transcatheter approaches. A patient-centered, evidence-
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individuals with tricuspid valve pathology.
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