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Abstract

Background: There are still no accepted classification and
recommendations for isolated tricuspid valve replacement
(ITVR) surgery. So we aim to evaluate the applicability of
the tricuspid valve regurgitation classification proposed by
Latib in 2018 for ITVR surgery. Methods: We enrolled
all patients who underwent ITVR from 2000 to 2021 in our
center. Based on a novel classification, the patients were
divided into five stages, and in-hospital mortality was used
as the primary endpoint to analyze whether this classifi-
cation scheme was a good way to evaluate the prognosis
of patients at different stages and with different surgical
options. Results: A total of 254 patients who underwent
ITVR were divided into five stages. None of the patients
was classified into stage 1, and stages 4/5 accounted for
159 (62.6%). There was no difference in age, gender, or
body mass index (BMI). 178 (70.1%) patients underwent
traditional open surgery and 76 (29.9%) opted for the tran-
scatheter option. The main etiology was functional tricus-
pid regurgitation (FTR), with 64.9% of these patients in
stage 4 or above. The overall in-hospital mortality rate was
14.2%, with 14.0% in stage 4 vs. 37.8% in stage 5 (p <
0.001). The patients in the intervention group were gener-
ally older, and coronary heart disease and atrial fibrillation
were also more common (p < 0.05). Interventional mor-
tality for stages 4 and 5 was 35.8% vs. 13.2% in the open
group, but there was no significant difference between them
after propensity score matching. Conclusions: The tricus-
pid regurgitation’s (TR’s) five-stage classifications can pre-
dict prognosis for different patients. After this classifica-
tion, no difference was found between the two procedures,
and open surgery is recommended for patients with accept-
able general conditions.

tricuspid valve regurgitation; tricuspid valve replacement
surgery; classification

Introduction

Tricuspid regurgitation (TR) is one of the most com-
mon valvular diseases, with an overall incidence of nearly
70% of the population. Minimal or mild reflux may be
a variant in structurally normal valves, but moderate-to-
severe TR is usually pathological, occurring in 5.6% of fe-
males over 70 years of age [1,2]. Etiology includes pri-
mary and secondary, the latter also known as functional
tricuspid regurgitation (FTR). FTR accounts for more than
90%, mostly due to left heart surgery [3]. Regrettably, it
has always been a problematic issue as patients are often
diagnosed at an advanced stage with multiple complica-
tions. Although transcatheter tricuspid valve replacement
(TTVR) has introduced new solutions, it is still in its in-
fancy and associated with a high mortality rate.

Patients requiring isolated tricuspid valve replacement
(ITVR) surgery represent a complex population with multi-
ple comorbidities at different stages of TR disease. There-
fore, surgical interventions are often associated with sig-
nificant perioperative morbidity and mortality, while safer
percutaneous interventions may have limited efficacy. Cur-
rently, there is no unified treatment plan for ITVR. In 2018,
Latib et al. [4] proposed a novel classification that ex-
panded the previous three-stage classification by Dreyfus et
al. [5] to five stages in a more detailed manner, aiming to
understand the distribution of TR patients at different stages
and propose suggestions on surgical management.

Latib’s [4] classification is based on TR grade, right
ventricular (RV) function, symptoms, and medications (Ta-
ble 1). The patient presented with definite symptoms of
right heart failure at stage 3/4, accompanied by an increase
in inverse flow and a gradual exacerbation of annular re-
modeling, with drug treatment escalating to a higher level.
This classification scheme essentially captures the charac-
teristics of TR patients, and includes transcatheter interven-
tion surgery in surgical opinions, which currently makes it a
relatively comprehensive TR classification method. It may
be sufficient for evaluating patients with surgical interven-
tions. Additionally, stage 3 in this category makes ITVR
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Table 1. A simplified classification of TR.

Symptoms None None None/vague An episode of RHF Overt RHF and/or end-organ damage
Regurgitation grade <Moderate >Moderate Severe Severe Torrential

Annular remodeling Normal Normal or mildly remodeled Present Moderate-severe Severe

RV function and remodeling Normal Izz:ejlil::xitllgrrlemodeling xiii\l/i:g}/sfunctlon and/or ;;Azj:;:; dysfunction and Severe RV dysfunction and remodeling
Medical No treatment None or low-dose diuretics ~ Diuretics Moderate to high dose diuretics Multiple admissions for RHF. Frequent

and/or requirement for IV diuretics need for IV diuretics and/or high dose

combination diuretics

Wn10,] £423.4NS JADIL]

Although this staging scheme implies linear progression of the disease, in fact there may be patients with little tethering and RV remodelling but with severe TR secondary to severe right atrial dilatation,
such as patients with idiopathic FTR. Annular remodeling, leaflet coaptation, and tethering are also included in the criteria, but we have omitted these three to simplify the classification because of
the lack of standards or infrequent application. IV, intravenous; RHF, right heart failure; RV, right ventricular; TR, tricuspid regurgitation; FTR, functional tricuspid regurgitation. Reproduced with
permission from Eurolntervention; published by Eurolntervention, 2018 10.4244/E1J-D-18-00533.
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a viable option, which is not available in other classifica-
tions.

Latib’s classification has not previously been vali-
dated specifically for patients undergoing ITVR, as existing
guidelines recommend treating TR concurrently with left-
side heart valve surgery [6]. However, from the data on tri-
cuspid valve surgery patients in the United States, we can
see that isolated tricuspid valve surgery has been increasing
annually (from 290 in 2004 to 780 in 2013), accounting for
15% of tricuspid valve surgeries, with replacement surgery
surpassing repair surgery at 59.2% [7]. Patients undergoing
ITVR surgery are typically older, at greater risk, and exhibit
a high incidence of postoperative complications, extended
hospital stays, and a high in-hospital mortality rate of about
10%. Identifying a more appropriate classification method
for ITVR patients, analyzing the characteristics of patients
at different stages, and the differences in treatment options
will aid physicians in making better clinical decisions. This
study aims to evaluate its applicability and simply compare
the operation of ITVR, with the goal of finding a more ap-
propriate timing and options.

This was a single-center retrospective review of all
ITVR procedures performed between 2000 and 2021. The
study was conducted in accordance with the Declaration
of Helsinki [8] (as revised in 2013) and patients sign writ-
ten informed consent upon admission to the hospital to use
some of the data that does not expose patient privacy for
scientific purposes. Excluding repair surgeries, there were
a total of 254 patients, including 76 cases with TTVR. They
were categorized into different stages according to Latib’s
classification. Subjective data, such as symptoms and med-
ication, were derived from medical histories, while objec-
tive data were obtained from echocardiography.

After admission, relevant examinations were com-
pleted, diuresis was intensified to improve heart function,
and valve replacement surgery was conducted at an opti-
mal time. The traditional thoracotomy uses a median ster-
nal incision. It proceeds via the right atrium with the as-
sistance of extracorporeal cardiopulmonary bypass (CPB)
and employs biological and mechanical valves for replace-
ment. Conversely, interventional patients received a pros-
thesis through a small incision in the right chest. The de-
tailed surgical procedure involved the patient being under
general anesthesia with endotracheal intubation, the right
shoulder elevated to tilt the body slightly to the left, fol-
lowed by insertion of the esophageal ultrasound probe. The
5Sth intercostal incision on the right side was marked, disin-
fected after full exposure, and the chest was accessed layer
by layer. A 6F pigtail catheter was placed in the right atrium
for right ventricular angiography, and a valve conveyor was
introduced. The tricuspid valve ring was located using con-
trast and esophageal ultrasound, the artificial valve was de-
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ployed and secured, and finally, the chest was closed after
the conveyor was withdrawn.

The transcatheter tricuspid valve used in our center is
the Lu-Valve, an in situ valve replacement device indepen-
dently developed in China, and is the only valve replace-
ment device that does not rely on radial force for support.
The device comprises a Nitinol stent, a biological trilobal
valve, an anterior valve holding key, and an interventricu-
lar septal anchor. Its safety and efficacy have been validated
by several international centers.

Patients required a postoperative intensive care unit
(ICU) stay of more than 24 hours. To reduce the statistical
bias caused by fewer deaths, in-hospital mortality was taken
as the primary endpoint, with the duration of endotracheal
intubation and length of ICU stay as the secondary aims
to more comprehensively describe the characteristics of the
five stages.

In this study, propensity score matching (PSM) was
utilized to eliminate confounding factors between the two
groups, thereby reducing selection bias and improving the
accuracy and validity of the comparison. By matching fac-
tors with similar propensity scores in the two groups, the
similarity of the two groups in matching variables was en-
sured. Matching variables, which are independent variables
used to establish propensity scores, included age, gender,
and disease severity in this study. We employed the regres-
sion method to calculate the propensity score for each in-
dividual, and conducted one-to-one matching between two
groups of individuals with similar propensity scores to as-
sess whether there was a better balance in matching vari-
ables between the groups after matching, thus ensuring a
more accurate and reliable comparison. Clinicopatholog-
ical variables without collinearity were used in matching.
Patients were matched in a ratio of 1:3, and patients could
not be repeatably matched. The caliper used for matching
was set at 0.05.

Statistical Analysis

Categorical variables were presented as absolute num-
bers and percentages. Normal distribution of continuous
variables was assessed with the Shapiro-Wilk test. Contin-
uous variables were expressed as mean + standard devia-
tion or median and interquartile range according the distri-
bution of variables. Differences between categorical vari-
ables were tested with the 2 test or the Fisher’s exact
test, as appropriate. Differences between continuous vari-
ables were examined using either the Kruskal-Wallis test or
the Wilcoxon test, depending on the number of groups be-
ing compared. Propensity score matching (PSM) was per-
formed to reduce the possibility of selection bias. All sta-
tistical analyses were performed using R statistical software
(R, version 3.5.0, Boston, MA, USA; R project). The differ-
ence was considered statistically significant for both sides
(» < 0.05).
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A total of 254 patients who underwent ITVR surgery
were enrolled in the present study and divided into five
stages (Table 2). None were classified into stage 1; all suf-
fered at least from moderate-to-severe TR. There were 178
(70.1%) who underwent traditional thoracotomy surgery,
and 76 (29.9%) who selected the transcatheter option.
There was no significant difference in the proportion of
open surgery and interventional surgery across different
stages, nor in intraoperative blood loss or CPB duration in
open surgery, but the use of biologic flaps exceeded 50%
in all patients. The median age of the patients was 59.9
years (interquartile range (IQR): 50.0 to 67.0 years) with
146 (57.5%) being female. The body mass index (BMI)
was 22.3 kg/m? (IQR: 20.2 to 23.9 kg/m?). The main etiol-
ogy was FTR in 185 patients (72.8%), with 64.9% of these
in stage 4 or above (p = 0.044). An increased proportion of
patients presented in New York Heart Association (NYHA)
III and IV in advanced stages (p < 0.001). Among all pa-
tients, 28 (11.0%) had a history of pacemaker implantation,
and 175 (68.9%) had atrial fibrillation (AF), the most com-
mon comorbidity and more prevalent in higher stages of
TR classification (p < 0.001). The symptoms of dyspnea
also showed significant differences through this classifica-
tion method (p = 0.011). Additionally, high blood pres-
sure accounted for 13.8%, diabetes for 9.1%, coronary heart
disease (CHD) for 3.9%, and chronic renal disease (CRD)
for 9.1%; these comorbidities did not differ significantly
among the four stages.

The median left ventricular ejection fraction (LVEF)
was 52% (IQR: 56% to 69%) with no difference among the
four stages (p = 0.316). However, reflux volume was 63.5
mL (IQR: 49.0 to 88.0 mL) in stage 4 and 75.9 mL (IQR:
56.0to 123.0 mL) in stage 5 (p < 0.001). Similarly, patients
with higher stages experienced more severe right heart dila-
tion (p < 0.001). The median right atrial (RA) volume was
201.0 mL (IQR: 161.8 to 275.0 mL) in stage 4 versus 300.0
mL (156.0 to 447.0 mL) in stage 5.

Postoperative outcomes were significantly different
among stages. In-hospital mortality in the overall popula-
tion was 14.2%, 3.2% in stages 2/3, 14.0% in stage 4, and
37.8% in stage 5 (Fig. 1). Advancement from one stage to
the next correlated with longer ICU stays (46.2 hrs, 46.0 hrs
in stages 2/3, 48.0 hrs in stage 4, and 144.0 hrs in stage 5,
p < 0.001) and increased ventilator duration (11.0 hrs, 14.0
hrs in stages 2/3, 15.2 hrs in stage 4, and 24.0 hrs in stage
5,p < 0.001).

The TR classification scheme of Latib was utilized to
further determine the differences between traditional open
ITVR surgery and TTVR surgery. Univariate and multi-
variate logistic regression analysis was performed on the
characteristics of the two surgical methods, with results
listed in Tables 3,4. TTVR patients were older than those
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Fig. 1. In-hospital mortality by stage. Stage 2 and stage 3 in the
early of the disease were combined.

undergoing open surgery at all stages of the disease (p <
0.001), but there was no difference in gender or body size
distribution between the two surgical modalities (p > 0.05).
TTVR patients had worse cardiac function, and a higher
prevalence of pacemaker implantation and atrial fibrilla-
tion (p < 0.05). Additionally, patients eligible for TTVR
generally had poorer health, as they also exhibited higher
incidences of diabetes, CRD, CHD, and larger right heart
volumes.

The median ICU time was 48.0 (45.5, 240.0) hours
after TTVR surgery and 72.0 (44.1, 138.4) hours after
open surgery, showing no statistical significance. However,
the duration of endotracheal intubation was 6.0 (5.0, 22.0)
hours for TTVR patients and 19.0 (13.1, 41.1) hours for
open surgery patients, with a significantly longer duration
in open surgery patients across different stages. Through
the analysis of in-hospital mortality, univariate logistic re-
gression analysis revealed that in stages 4/5 of the disease,
the mortality rates for patients undergoing open surgery
were 35.8% and 13.2%, respectively. Due to significant dif-
ferences in baseline data between patients undergoing the
two different surgical methods, the PSM statistical method
was used to reduce errors caused by selection bias. How-
ever, after analysis, except for the difference in endotra-
cheal intubation duration, this study did not find any signif-
icant differences in ICU stay length or in-hospital mortal-
ity outcomes between the two surgical methods. Therefore,
we cannot predict the risk factors of the two different sur-
gical procedures of ITVR using this new TR classification
method.
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Table 2. Distribution of patients by stage.

Stage 2, n=18 Stage 3,n =77 Stage 4, n=114 Stage 5, n =45 L
Statistical value  p value
(7.1%) (30.3%) (44.9%) 17.7%)
Surgery
Open . 15 (83.3) 57 (74.0) 78 (68.4) 28 (62.2) 2 =355 0314
Intervention 3(16.7) 20 (26.0) 36 (31.6) 17 (37.8)
Blood loss, mL 154.0 (122.0, 186.0) 200.0 (140.0, 280.0) 214.5 (162.0, 240.0) 220.0 (182.0, 260.0) H=1.247 0.642
CPB duration, min 65.0 (49.0,90.0)  74.0 (52.0,102.0)  80.0 (60.0, 114.0)  86.0 (61.0, 120.0) H=2.241 0.324
Valve type (open surgery)
B10va1vef 8(53.3) 30 (52.6) 47 (60.3) 18 (64.3) 2= 1423 0.700
Mechanical valve 7 (46.7) 27 (47.4) 31(39.7) 10 (35.7)
Diagnosis
FTR 8 (44.4) 57 (74.0) 85 (74.6) 35(77.8) 2 =8.115 0.004
PTR 10 (55.6) 20 (26.0) 29 (25.4) 10 (22.2)
Baseline characteristic
Age, yrs. 57.5 (43.5, 64.5) 57.0 (47.0, 66.0) 59.5(51.2, 68.0) 63.0 (54.0, 69.0) H=7.773 0.051
Female 7 (38.9) 43 (55.8) 69 (60.5) 27 (60.0) x2=3.180 0.365
BM], kg/(m?) 21.3(20.1,23.1) 23.1(20.8,25.0) 22.2 (20.0, 23.5) 21.9 (20.1,24.2) H=17.673 0.053
NYHA (III-1V) 5(27.8) 43 (55.8) 104 (91.2) 45 (100.0) Fisher’s Exact Test <0.001
Pacemaker 0(0.0) 8(10.4) 15 (13.2) 5(11.1) Fisher’s Exact Test ~ 0.503
AF 5(27.8) 50 (64.9) 87 (76.3) 33 (73.3) x2 =18.108 <0.001
HP 2 (11.1) 12 (15.6) 17 (14.9) 4(8.9) Fisher’s Exact Test  0.783
COPD 0(0.0) 2 (2.6) 15 (13.2) 8 (17.8) Fisher’s Exact Test  0.008
Diabetes 0(0.0) 9 (11.7) 9(7.9) 5(11.1) Fisher’s Exact Test  0.449
CHD 2 (11.1) 3(3.9) 1(0.9) 4 (8.9) Fisher’s Exact Test  0.020
CRD 1(5.6) 8(10.4) 8(7.0) 6(13.3) Fisher’s Exact Test  0.587
Echocardiography
LVEEF, % 63.0 (54.0, 68.8) 63.0 (57.0, 69.0) 61.0 (56.0, 67.0) 65.0 (58.0, 70.0) H=3.538 0.316
Reflux volume, mL 24.5 (18.2,31.5) 34.0 (22.0, 45.0) 63.5(49.0,88.0)  75.9 (56.0, 123.0) H=100.280 <0.001
RA volume, mL 86.5(66.2,116.5) 128.0(87.0, 171.0) 201.0 (161.8,275.0) 300.0 (156.0, 447.0) H=73.002 <0.001
Outcomes
ICU stay, hrs. 46.2 (24.8,72.0) 46.0 (27.0,68.0)  48.0(41.5,116.8) 144.0 (72.0,384.0) H=50.272 <0.001
Endotracheal intubation  11.0 (5.1, 14.0) 14.0 (6.0, 19.0) 15.2(7.0,22.0) 24.0 (7.0, 120.0) H=19.335 <0.001
duration, hrs.
Death in hospital 1(5.6) 2 (2.6) 16 (14.0) 17 (37.8) Fisher’s Exact Test <0.001

Values are mean (SD) or median (interquartile range) or n (%). FTR, Functional Tricuspid Regurgitation; PTR, Primary Tricuspid Regurgitation;
BMI, Body Mass Index; NYHA, New York Heart Association; AF, Atrial Fibrillation; HP, Hypertension; CHD, Coronary Heart Disease; CRD,
Chronic Renal Disease; LVEF, Left Ventricular Ejection Fraction; RA, Right Atrial; ICU, Intensive Care Unit.

Discussion

Functional tricuspid regurgitation (FTR) occurs in up
to 40% of patients with severe TR, following left heart
surgery, with a median survival of five years [9]. Annu-
lus dilatation leads to an increase in the volume of the RA,
which in turn causes the RV to dilate to maintain cardiac
output [10]. This is more likely in patients with AF or
in the early stages of the disease. A history of left heart
surgery or pulmonary hypertension exacerbates reflux by
increasing the burden on the right heart, leading to symp-
toms of heart failure that progress to an advanced stage of
the disease [11]. Given that the pathology involves com-
plex anatomical and functional issues, a scoring system for
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assessing specific stages of TR is expected to better define
the timing and outcomes of interventions [12].

Our study applied Latib’s classification scheme to the
assessment of ITVR patients, and it has demonstrated clear
advantages. However, this approach does not provide de-
tailed explanations or rationales for treatment recommen-
dations, which is a notable drawback. Moreover, it lacks
an explanation of the poor conditions that may exist in dif-
ferent stages of TR patients, such as the weight of each
criterion and how to accurately determine the stage of dis-
ease, which are critical aspects. Indeed, this classification
method can also be extended to the evaluation of left heart
valves and the selection of treatment options. Initially, be-
gin with the symptoms, subjectively judge the disease stage
of the patient, and then provide specific treatment sugges-
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Table 3. Characteristics of patients in stage 2 and 3.

Intervention

Open

Variables Statistical value p value
(n=23) (n=72)
Age, yrs. 66.0 (58.5,72.5) 52.0 (44.0, 60.0) W =1386.0 <0.001
Female 15(65.2) 35 (48.6) x?=1.928 0.165
BMI, kg/(m?) 22.7 (20.3,24.8) 22.8 (20.2,25.0) W =846.0 0.891
NYHA (III-1V) 19 (82.6) 29 (40.3) x2 =12.496 <0.001
Pacemaker 4(17.4) 4(5.6) Fisher’s Exact Test 0.094
AF 20 (87.0) 35 (48.6) x2=10.514 0.001
HP 521.7) 9(12.5) Fisher’s Exact Test 0.453
COPD 0(0.0) 2(2.8) Fisher’s Exact Test 1.000
Diabetes 2(8.7) 7(9.7) Fisher’s Exact Test 1.000
CHD 4(17.4) 1(1.4) Fisher’s Exact Test 0.012
CRD 521.7) 4(5.6) Fisher’s Exact Test 0.035
LVEF, % 59.0 (53.5, 68.0) 63.5(58.5, 69.2) W=0671.5 0.175
Reflux volume, mL 31.0 (23.5, 39.5) 32.0 (204, 41.2) W =824.0 0.976
RA volume, mL 81.0(72.5,122.0) 129.5(97.0, 176.0) W =409.0 <0.001
ICU duration, hrs 46.0 (30.5, 48.0) 46.0 (25.8, 72.0) W=1783.5 0.702
Endotracheal intubation duration, hrs. 6.0 (3.2, 14.5) 14.0 (8.0, 19.2) W =479.5 0.002
Death in hospital 1(4.3) 2(2.8) Fisher’s Exact Test 1.000

Values are mean (SD) or median (interquartile range) or n (%). BMI, Body Mass Index; NYHA, New York Heart
Association; AF, Atrial Fibrillation; HP, Hypertension; CHD, Coronary Heart Disease; CRD, Chronic Renal Disease;
LVEEF, Left Ventricular Ejection Fraction; RA, Right Atrial; ICU, Intensive Care Unit.

tions with the help of objective indicators such as echocar-
diography, cardiac magnetic resonance, and catheter exam-
inations. This approach will be more effective in addressing
the weight allocation problem mentioned above. Each clas-
sification method needs continuous validation; this is the
only way to make ongoing progress in treatment strategies.

How Applicable is this Classification?

Currently, there is no universally recognized scheme
for classifying TR. An attempt that utilizes symptoms, med-
ications, and echocardiography to divide TR into five stages
[4], may be relatively complete and effective for current
evaluation indicators. Although symptoms and medica-
tions are included, they lack clear criteria and may be dif-
ficult to standardize. Echocardiography is ideal for mea-
suring objective indicators such as RV volume. The Euro-
pean Association of Cardiovascular Imaging and the Amer-
ican Society of Echocardiography (EACVI/ASE) provide
accurate definitions for the severity of TR and are currently
the widely accepted guidelines [13]. However, it should
be noted that echocardiography may have limitations and
could underestimate the degree of reflux due to increased
resistance in patients with pulmonary hypertension. It is
recommended that echocardiography be used in conjunc-
tion with other methods, particularly since cardiac magnetic
resonance (CMR) is considered the gold standard for mea-
suring right heart size and function [14].

In 2021, Sala performed the first retrospective analy-
sis of early outcomes in patients who underwent TV surgery
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based on the same classification [15]. The difference in
our study is that all patients underwent replacement surgery,
without any undergoing repair. Considering surgery specif-
ically for the tricuspid valve, repair alone was deemed not
worth the risk. Beyond increasing life expectancy, replace-
ment may offer better long-term outcomes [16,17]. After
applying the classification, we can clearly see the differ-
ences in prognosis. This may have significant guiding im-
plications for our work.

From the results of this study, it is apparent that TR pa-
tients at different stages of the disease show no significant
differences in age, sex, BMI, and etiological distribution,
which supports the feasibility of this classification standard.
As the stage of the disease increases, the evaluation of car-
diac function, clinical symptoms, and echocardiographic
examination results become more pronounced, validating
the relevance and accuracy of the indicators used in this
classification. Echocardiographic findings, such as reflux
flow and right heart volume, worsen with the progression of
the disease. Dyspnea is the most common symptom in TR
patients; AF is an independent risk factor for exacerbating
TR, and these differences are captured in this classification.
Although studies have attempted to assess the natural his-
tory and prognostic impact of TR, their findings have been
sometimes contradictory, and there is ongoing debate about
whether severity of TR, right ventricular function, underly-
ing etiology, or a combination thereof are predictors of poor
prognosis. Through prognostic analysis, this classification
has proven useful in predicting outcomes, both in terms of
in-hospital mortality and the duration of hospital treatment.
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Table 4. Characteristics of patients in stage 4 and 5 before and after PSM.

. Before PSM L After PSM L
Variables Statistical value  p value Statistical value p value
Intervention (n = 53) Open (n=106) Intervention (n = 23) Open (n =40)
Age, yrs. 69.0 (62.0, 72.0) 54.0 (49.0, 64.0) W =4578.5 <0.001 63.8 (8.5) 60.5 (9.4) t=1.307 0.198
Female 33(62.3) 63 (59.4) x2=0.118 0.731 18 (78.3) 27 (67.5) x? =0.829 0.363
BMI, kg/(m?) 22.3(21.3,23.1) 22.0 (20.0, 23.6) W =2989.5 0.511 22.2(20.4,22.5) 20.8 (19.5,23.3) 0.209
NYHA (1II-1V) 52 (98.1) 97 (91.5) Fisher’s Exact Test  0.167 23 (100.0) 38 (95.0) Fisher’s Exact Test ~ 0.529
Pacemaker 15 (28.3) 54.7) x2=17.873 <0.001 5(21.7) 2(5.0) Fisher’s Exact Test ~ 0.089
AF 46 (86.8) 74 (69.8) x2 =5.504 0.019 18 (78.3) 35 (87.5) Fisher’s Exact Test ~ 0.476
HP 9(17.0) 12 (11.3) x2 =0.988 0.320 1(4.3) 3(7.5) Fisher’s Exact Test 1.000
COPD 6 (11.3) 17 (16.0) x2 =0.635 0.426 3(13.0) 8(20.0) Fisher’s Exact Test ~ 0.732
Diabetes 9(17.0) 5(4.7) Fisher’s Exact Test  0.016 0(0.0) 3(7.5) Fisher’s Exact Test ~ 0.293
CHD 509.4) 0(0.0) Fisher’s Exact Test  0.004 0(0.0) 0(0.0) Fisher’s Exact Test 1.000
CRD 13 (24.5) 1(0.9) Fisher’s Exact Test <0.001 1(4.3) 1(2.5) Fisher’s Exact Test 1.000
LVEF, % 63.8(9.3) 61.3 (8.9) t=1.584 0.117 64.2 (10.4) 61.7 (8.8) t=0.863 0.394
Reflux volume, mL 62.0 (48.0, 89.0) 68.0 (52.0, 97.8) W =2504.5 0.267 64.0 (53.5,79.5) 64.5 (54.9, 108.0) W =417.0 0.547
RA volume, mL 200.0 (150.0,275.0) 213.0 (165.0, 352.0) W =2478.5 0.228 174.0(138.5,242.0) 213.0(173.0,292.2) W =334.0 0.073
ICU duration, hrs. 48.0 (45.5, 240.0) 72.0 (44.1, 138.4) W =2719.5 0.745 48.0 (41.5, 104.0) 72.0 (41.4,124.1) W =380.0 0.259
Endotracheal intubation duration, hrs. 6.0 (5.0, 22.0) 19.0 (13.1, 41.1) W =1660.0 <0.001 6.0 (3.0, 18.0) 17.0 (13.0, 57.0) W=79.0 <0.001
Death in hospital 19 (35.8) 14 (13.2) x2=11.013 0.001 5(21.7) 5(12.5) Fisher’s Exact Test ~ 0.476

Values are mean (SD) or median (interquartile range) or n (%). As the Age and LVEF data adhere to a normal distribution, we have chosen to represent it using mean (standard deviation). PSM,
Propensity Score Matching; BMI, Body Mass Index; NYHA, New York Heart Association; AF, Atrial Fibrillation; HP, Hypertension; CHD, Coronary Heart Disease; CRD, Chronic Renal Disease;
LVEEF, Left Ventricular Ejection Fraction; RA, Right Atrial; ICU, Intensive Care Unit.
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Comparing the two groups of patients who underwent
transcatheter intervention and open surgery, those who un-
derwent transcatheter intervention were generally in poorer
condition, being older, having worse heart function, and
more comorbidities. These differences were also evident
across different stages. It is understandable that these
patients, who opted for TTVR, were not suitable candi-
dates for traditional open surgery. Interestingly, however,
analysis after PSM did not reveal differences in prognosis
among the different surgical procedures. This aligns with
initial observations when the classification was first pro-
posed, suggesting it may not be adequate for assessing the
complexity and heterogeneity of patients undergoing tran-
scatheter therapy.

Over the years, the in-hospital mortality rate for ITVR
has remained stable at about 10% [7,18]. The procedure
itself is not technically demanding, and outcomes depend
almost entirely on the patient’s baseline condition. The ab-
sence of a valid risk score for this procedure further compli-
cates the determination of the best management strategies
and the correct timing for intervention [19].

When is ITVR Surgery Appropriate?

Simultaneous treatment of tricuspid valve (TV) issues
with left heart surgery may indeed be the most optimal so-
lution. Adding TV surgery does not significantly increase
surgical risk but can improve right heart remodeling and
cardiac function [20]. Conversely, having a history of left
heart surgery is an independent risk factor for reoperation.
Guidelines from Europe and the United States currently of-
fer different recommendations: the 2017 European Society
of Cardiology/European Association for Cardio-Thoracic
Surgery (ESC/EACTS) advocates for early surgery to pre-
vent irreversible right heart dysfunction [21], whereas the
2020 American College of Cardiology/American Heart
Association (ACC/AHA) guidelines recommend initiating
treatment based on symptoms or confirmed right heart in-
sufficiency [22].

Symptoms of severe TR typically manifest only in the
later stages, primarily as clinical signs of RV failure with
hepatorenal insufficiency. In the absence of symptoms,
clinicians are hesitant to recommend, and patients are reluc-
tant to undergo surgery. They often prefer to wait until the
disease progresses, facing challenges when requiring large
doses of diuretics [23]. A 2021 survey of 1513 cases of iso-
lated TV surgery identified that higher in-hospital mortality
was primarily associated with late referrals [24]. The global
rates of morbidity and mortality related to this condition are
notably high. Isolated TV surgery is ideally performed be-
fore the onset of overt symptoms, especially in patients with
concurrent heart conditions such as AF [25,26]. However,
the approach to elderly patients who are visibly frail poses
a significant dilemma.
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The endeavor to compare two primary procedures, tra-
ditional open heart surgery and TTVR, faces challenges
due to patient selection bias, limiting direct comparisons.
Our analysis aims to assess the classification’s relevance
to transcatheter surgery and to gain a deeper understand-
ing of patient characteristics and prognosis. Prior to PSM,
it was observed that patients chosen for TTVR were sig-
nificantly older and had more comorbidities. While mini-
mally invasive techniques offered shorter endotracheal in-
tubation durations, they were associated with higher mortal-
ity. However, after PSM, differences in outcomes between
the procedures were not statistically significant, suggesting
the need to explore other parameters beyond mortality, such
as length of hospital stay, readmission rates, and secondary
anatomical or hemodynamic parameters like right ventric-
ular function and pulmonary artery pressure, as criteria for
evaluation [27].

Given that heart failure management is a priority, di-
uretics are indispensable regardless of the chosen interven-
tion [12]. Our recommendation leans towards thoracotomy
and valve replacement prior to considering transcatheter
surgery. Transcatheter surgery is currently viewed as an
option for symptomatic patients at high risk from conven-
tional surgery [28]. With advancements in catheter tech-
nology, the indications for this procedure are expected to
expand to include earlier stages of the disease and asymp-
tomatic patients.

Conclusions

The five-stage scheme of TR is practically applicable
in distinguishing patient prognoses and advocating for early
surgical intervention. Although this classification scheme
has not yet clarified the differences between traditional and
transcatheter surgeries conclusively, it suggests a prefer-
ence for traditional surgery in patients who are generally
in good health.
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