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Abstract

Background: The prevalence of tricuspid valve (TV) infective endocarditis (IE) continues to increase among patients with drug addic-
tions and chronic vascular access or cardiac electronic devices. Moreover, long-term mortality and morbidity following surgery with
conventional prostheses remain high. Allografts may represent a suitable alternative in tricuspid surgery. This study aimed to com-
pare outcomes between stented biological valves and mitral allografts (MAs) for tricuspid valve replacement (TVR). Methods: A total
of 54 patients with IE underwent TVR using either a stented bioprosthesis (B) or MA between January 2016 and July 2024. Clinical
and echocardiographic data were analyzed in accordance with the Tricuspid-Valve Academic Research Consortium (T-VARC) criteria.
Early safety, clinical efficacy, and time-to-event survival were compared between the two equal B and MA groups. Results: There
were no in-hospital or 30-day mortality, nor cardiac, cerebral, and wound complications in either group. The peak and mean pressure
gradient (PG) on TV after surgery were 9.2 (6.5-12.0) and 4.0 (3.2-6.0) mmHg in the B group versus 6.0 (4.5-7.5) and 3.0 (2.0-4.0)
mmHg in the MA group (p < 0.001). A T-VARC-adjusted analysis demonstrated superior freedom from cardiovascular mortality, re-
current IE, reoperation, and permanent pacemaker implantation (PPI) in the MA group 2 years after operation. Kaplan—Meier analysis
revealed significantly higher freedom from cardiovascular mortality in the MA group (100% vs. 81.5%, 77.8%, 77.8%, 69.6% respec-
tively (log-rank test, p = 0.011) at 12-, 18-, 24-, 36-months, and freedom from PPI (100% vs. 81% at all time intervals) (log-rank test,
p =0.021). Conclusion: Application of contemporary endpoint criteria demonstrated superior outcomes with MA, including lower car-
diovascular mortality, reduced PPI, fewer recurrent endocarditis, decreased reoperations, cardiac hospitalizations, alongside improved
patient-reported outcomes. Time-to-event analysis demonstrated benefits in cardiovascular survival and PPI avoidance with allografts.
Mitral allograft may be a preferable alternative valve substitute for TVR in patients with IE. Clinical Trial Registration: ClinicalTri-
als.gov ID: NCT06591000, https://clinicaltrials.gov/study/NCT06591000?term=NCT06591000&rank=1, registration date: September
19, 2024.
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1. Introduction generation and recurrent endocarditis [6]. Although allo-
graft valves have not been widely adopted in clinical prac-
tice, emerging evidence supports their efficacy in selected
patient cohorts [7-9].

However, inconclusive data exist regarding reporting
outcomes after TV surgery, even in recently published stud-
ies [5,9]. This retrospective single-center study used con-
temporary endpoint definitions to compare two valve sub-
stitutes in the surgical management of TV IE regarding their

safety and clinical efficacy.

Tricuspid valve infective endocarditis (TV IE) ac-
counts for up to 10% of all cases of IE, with most cases
being associated with intravenous drug use [1]. Appropri-
ate treatment of TV IE is critical in contemporary prac-
tice, particularly given the increasing number of patients
requiring intracardiac electronic devices [2]. Advances in
preoperative management and patient selection have re-
duced complication rates during tricuspid valve replace-
ment (TVR), yielding promising long-term outcomes [3,4].
Conventional surgical approaches for TV IE include TVR
with mechanical or biological prostheses, valve repair, or

2. Materials and Methods

valvectomy [5]. However, these methods possess signif-
icant disadvantages. For example, the mechanical valves
necessitate lifelong anticoagulation and pose thromboem-
bolic risks. In comparison, bioprostheses are prone to de-

2.1 Study Population and Data Source

The study evaluated early safety and clinical efficacy
in patients who underwent surgical treatment for TV IE at a
tertiary referral center between January 2016 and July 2024.

Copyright: © 2025 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/RCM
https://doi.org/10.31083/RCM37204
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7269-6727
https://orcid.org/0009-0004-6751-0416
https://orcid.org/0000-0002-5476-6058
https://orcid.org/0000-0002-3904-6415
https://orcid.org/0000-0001-7806-2357
https://orcid.org/0000-0001-7123-120X
https://clinicaltrials.gov/study/NCT06591000?term=NCT06591000&rank=1

This study was approved by the South Ural State Medical
University and Chelyabinsk Regional Clinical Hospital in-
stitutional review board (protocol 3/14/01/2016). Further,
this study complied with the following provisions and prin-
ciples: the ALLOTRI clinical study (ClinicalTrials.gov ID:
NCT06591000); the ethical standards of the responsible in-
stitution on human subjects; the Helsinki Declaration. Writ-
ten informed consent was obtained from all patients before
surgery. Clinical data were obtained from the electronic
medical database and patient case notes. The surgical pro-
cedure was decided according to recent guidelines for treat-
ing IE. All preoperative and postoperative diagnostic in-
vestigations were performed at the same diagnostic depart-
ment. Postoperative follow-up was conducted exclusively
at the outpatient department at our institution to ensure con-
sistency.

2.2 Inclusion Criteria

(1) Primary TV pathology or bioprosthetic valve fail-
ure (endocarditis) requiring surgical intervention.

(2) Preoperative/intraoperative assessment indicating
TVR as the preferred approach over repair.

(3) Complete medical records in the regional database,
including follow-up contact information.

2.3 Exclusion Criteria

(1) Pregnancy.

(2) Confirmed active drug addiction.

(3) Progressive HIV infection.

(4) HIV-infected patients (CD4 <250 cells/mm?).

(5) Secondary tricuspid valve pathology (left-sided
valve disease).

(6) Left ventricle ejection fraction (LVEF) <40%.
(7) Age under 18 and more than 70 years.

2.4 Endpoint Definitions

Efficacy endpoints included clinical, patient-centered,
and surrogate outcomes adopted from the Tricuspid-Valve
Academic Research Consortium (T-VARC) expert review
[10].

2.4.1 Definition of Early Safety (30-Day Postoperative
Assessment)

Absence of procedural mortality or stroke, adequate
performance (absence of tricuspid stenosis, mean gradient
<5 mmHg, reduction in total tricuspid regurgitation to triv-
ial or mild, freedom from unplanned surgical or interven-
tional procedures related to the prosthesis, absence of life-
threatening bleeding (T-VARC 5), no major cardiac struc-
tural complications, stage 2 or 3 acute kidney injury, my-
ocardial infarction, any valve-related dysfunction or other
complication requiring surgery or repeat intervention) [10].

2.4.2 Clinical Efficacy (Annual Assessment) is Defined as
a Composite of the Following

Freedom from all-cause and cardiovascular mortal-
ity, no rehospitalizations or reinterventions for tricus-
pid regurgitation/stenosis, heart failure, endocarditis re-
lapse/recurrence, pacemaker implantation and improve-
ment from baseline in symptoms (New York Heart Asso-
ciation (NYHA) improvement by more than 1 functional
class); and/or improvement from baseline in quality-of-
life (Kansas City Cardiomyopathy Questionnaire improve-
ment) (KCCQ) by more than 5 points [10].

2.5 Infective Endocarditis Definition

Diagnostic assessment of IE complied with diagnostic
criteria specified in the recent guidelines [11].

2.6 Surgical Technique and Valve Substitutes

All procedures were performed via median ster-
notomy, standard cannulation technique, and antegrade
cold blood cardioplegia. Intraoperative transesophageal
echocardiography was routinely performed in all cases. Im-
plantation of stented biological valves was performed in
standard fashion, using interrupted sutures with preserva-
tion of a part of the septal leaflet, provided the leaflet
was not affected by endocarditis. The surgical mitral al-
lograft (MA) implantation technique included several pre-
viously described steps and measures [12,13]. The follow-
ing stented porcine and bovine biological prosthesis were
used for TVR: Edwards Lifesciences Perimount Magna
(Edwards Lifesciences, Irvine, CA, USA), St’Jude Epic (St.
Jude Medical, St. Paul, MN, USA), St’Jude Biocor (St.
Jude Medical, St. Paul, MN, USA), and NeoCor (NeoCor
Company, Kemerovo, Russian Federation). The valve sizes
were selected following direct measurements, but varied
from 27 (29) to 32 (33), depending on the manufacturer’s
size. The median and interquartile range (IQR) bioprosthe-
sis size was 31 (29-31).

All homografts were ordered from Saint-Petersburg
Homograft Bank. The preservation and storage methods
have been described previously [13]. Without formal siz-
ing guidelines, allograft selection was guided by the preop-
eratively measured tricuspid annulus diameter and surgical
experience. The criteria are the patient’s body size, right
ventricle dimensions, and pulmonary artery pressure. Al-
lografts were contraindicated in cases of severe pulmonary
hypertension (>40 mmHg) with concomitant right ventric-
ular dilation due to potential adverse effects on outcomes.
Oversized allografts (34-36 mm) were preferentially used
for annuli >40 mm, leveraging the pliability of the tissue
for adaptation to smaller annuli when needed. The median
(IQR) MA size was 32 (30-32).

2.7 Data Analysis

All analyses were performed using Jamovi software
(version 2.6, the Jamovi Project (The jamovi project (2025).
jamovi (Version 2.6) [Computer Software]. Retrieved from
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Table 1. Baseline patients’ characteristics.

Bioprosthesis Allograft p-value

Total N (%) 27 (50.0) 27 (50.0)
Age, years 35.0 (29.0-39.5) 37.0 (33.0-42.5) 0.132
BMI, kg/m? 20.7 (20.1-22.8) 24.2 (21.1-26.6) 0.008
BSA, m? 1.7 (1.7-1.9) 1.9 (1.7-2.0) 0.063
EuroScore II 2.3(1.5-3.5) 1.7 (1.4-2.8) 0.279
MELD/SMELD score 8.0 (7.0-9.0) 7.0 (7.0 -8.0) 0.080
Estimated 3-month mortality, % calculated

1.9% 17 (63.0) 24 (88.9) 0.054

6% 10 (37.0) 3(1L.1)
Tri-Score (predicted), points 4.0 (4.0-4.5) 4.0 (4.0-5.5) 0.703
Tri-Score predicted in-hospital mortality, % 8.0 (8.0-11.0) 8.0 (8.0-18.0) 0.703
Total bilirubin, umol/L 11.1 (8.2-16.4) 12.5(6.9-17.3) 0.723
Total protein, g/L 75.0 (68.5-79.0) 76.0 (74.2-81.6) 0.149
Creatinine level, pmol/L 82.0 (70.5-89.0) 84.0 (70.0-94.0) 0.822
Daily furosemide dose, mg/day, n (%)

20 mg 4 (14.8) 2(7.4) 0.102

40 mg 20 (74.1) 15 (55.6)

80 mg 3(11.1) 9(33.3)

120 mg 0(0.0) 1(3.7)
Ascites, n (%) 1(3.7) 3(11.1) 0.610
Active IE, n (%) 12 (44.4) 11 (40.7) 1.000
NYHA, class

NYHA 2, n (%) 1(3.7) 5(18.5) 0.304

NYHA 3, n (%) 21(77.8) 18 (66.7)

NYHA 4, n (%) 5(18.5) 4 (14.8)
Pneumonia (septic embolic syndrome), n (%) 8(29.6) 10 (37.0) 0.773
Positive blood culture, n (%) 13 (48.1) 8(29.6) 0.264
Ongoing antibiotic treatment, n (%) 16 (59.3) 12 (44.4) 0.414
Bioprosthesis endocarditis, n (%) 6(22.2) 5(18.5) 1.000
Urgency

Elective, n (%) 10 (37.0) 12 (44.4) 0.925

Emergent, n (%) 3(11.1) 3 (11.1)

Urgent, n (%) 14 (51.9) 12 (44.4)
Time from previous operation (months) 16.0 (10.0-19.8) 72.0 (69.0-84.0) 0.144
Hepatitis C, n (%) 25 (92.6) 17 (63.0) 0.019
HIV, n (%) 6(22.2) 8(29.6) 0.757
ARVT, n (%) 6(22.2) 7(25.9) 1.000
History of IVDA, n (%) 16 (59.3) 13 (48.1) 0.586
eGFR, mL/min/1.73 m? 107.6 (88.3-117.1)  99.9 (90.4-113.9) 0.511
FEV1, % 79.0 (72.5-89.0) 81.0 (71.0-89.0) 0.815
Baseline HGB, g/L 121.0 (96.0-143.0)  125.0 (112-133.5) 0.986
KCCQ12 summary score 44.8 (29.7-50.8) 36.5 (29.2-48.4) 0.396

Table footnote: Data are expressed as a number (n, (%)) or median (interquartile range). BMI, body
mass index; BSA, body surface area; EuroScore II, European System for Cardiac Operative Risk Evalua-
tion; MELD/SMELD, model for end-stage liver disease; Tri-Score, risk score model for tricuspid surgery;
NYHA, New York Heart Association; HIV, human immune virus; ARVT, anti-retrovirus therapy; IVDA,
intravenous drug abuse; eGFR, estimated glomerular filtration rate; IE, infective endocarditis; AV-block,
atrioventricular block; AFib, atrial fibrillation; FEV1, forced expiratory volume in one second; HGB,

hemoglobin; KCCQ, Kansas City Cardiomyopathy Questionnaire.

https://www.jamovi.org)) and R package software (version
4.4 R Core Team (2024). R: A Language and environment
for statistical computing. (Version 4.4) [Computer soft-

ware]. Retrieved from https://cran.r-project.org. (R pack-
ages retrieved from CRAN snapshot 2024-08-07)). The
dependent variables (before and after surgery, within one
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Table 2. Early safety.

Bioprosthesis  Allograft Fisher’s exact test Proportion’s difference test
(n=27) (n=27) p-value OR 95% CI p-value (two-tailed)

Early cardiovascular mortality, n (%) 6 (22%) 0 0.023 16.63 0.89-311.79 0.017
Early prosthesis-related mortality, n (%) 6 (22%) 0 0.023 16.63 0.89-311.79 0.017
Early non-cardiovascular mortality, n (%) 2 (7.4%) 2 (7.4%) 1.000 1.00  0.16-6.28 1.000
PPL n (%) 4 (14.8%) 0 0.111 0.09 0.005-1.857 0.077
AKI 2-3,n (%) 5 (18.5%) 0 0.051 0.07 0.004-1.419 0.037
Mean TV PG >5 mmHg, n (%) 9 (33.3%) 1 (3.7%) 0.011 0.11  0.02-0.68 0.006

Table footnote: PPI, permanent pacemaker implantation; AKI, acute kidney injury; TV PG, tricuspid valve pressure gradient; OR,

odds ratio; CI, confidence interval.

Table 3. Two years of clinical efficacy.

Bioprosthesis  Allograft Fisher’s exact test Proportion’s difference test
(n=27) n=27) p-value OR 95% CI p-value (two-tailed)

All-cause mortality, n (%) 8 (29.6%) 3 (11.1%) 0.175 0.33  0.83-1.30 0.108
Freedom from IE, n (%) 18 (66.7%) 25 (92.6%) 0.039 0.19  0.04-0.87 0.021
Freedom from clinically significant 18 (66.7%) 26 (96.3%) 0.011 0.11  0.02-0.68 0.006
valve dysfunction, n (%)
Freedom from mean TV PG >5 12(44.4%) 26(96.3%) <0.001 0.05 0.01-0.28 <0.001
mmHg, n (%)
Freedom from TV ve >7mm,n (%) 15(55.6%) 24 (88.9%) 0.014 0.18  0.05-0.68 0.006
Freedom from PPI, n (%) 22 (81.5%) 27 (100%) 0.051 0.07 0.004-1.419 0.037
Freedom from reoperation, n (%) 21 (77.8%) 26 (96.3%) 0.100 0.19  0.03-1.21 0.062
NYHA improvement, n (%) 13 (48.1%) 25 (92.6%) <0.001 1448 2.34-89.82 <0.001

Table footnote: IE, infective endocarditis; TV vc, tricuspid valve vena contracta.

group of patients) were compared using the Wilcoxon test.
The comparison between groups was performed using non-
parametric statistics. Categorical variables are summarized
as frequencies and percentages; comparisons were made
using Fisher’s exact test (Haldane—Anscombe amendment
was applied in cases with zero variables). A proportion dif-
ference test was used with Fisher’s exact test to compare
early safety and clinical efficacy at exact time points. Con-
tinuous variables, expressed as the median with interquar-
tile range, were compared using the Mann—Whitney U test.
The Brunner—Munzel and median tests were also applied
to determine statistically significant differences retrieved
from the Mann—Whitney U tests. Kaplan—Meier curves
were used to plot the survival and freedom from adverse
events. Log-rank tests were used to compare the differences
in the time-related outcomes between groups.

3. Results

3.1 Patients’ Characteristics

A total of 54 consecutive adult patients underwent
surgery for TV IE between January 2016 and July 2024,
after screening against inclusion/exclusion protocols. All
patients met the IE diagnostic criteria for definite IE. Indi-
cations for surgery were based on the severity of heart fail-
ure symptoms, uncontrolled infectious process, vegetation
size (>20 mm), or their combination. All patients were di-

vided into two equal groups. MA has been predominantly
utilized since 2021.

The preoperative data (Table 1) present minor differ-
ences in the body mass index (BMI) of patients, which was
slightly lower in patients who underwent bioprosthesis im-
plantation. However, the calculated medians and IQR in
both groups were related to the normal BMI range. A higher
prevalence of hepatitis C was noted in the stented biopros-
thesis group. Assuming normal and comparable values
of preoperative laboratory tests, functional status, and pre-
dicted mortality, assessed by score calculators, both groups
were considered clinically comparable following further
evaluation. The Kansas City Cardiomyopathy Question-
naire (KCCQ)12 test assessed self-reported quality of life.
No preoperative differences were found with regard to this
test, and the overall summary score reflected the NYHA III
functional class.

3.2 Operative Details and Early Outcomes

There were no in-hospital or 30-day mortality, acute
myocardial infarction, stroke, or wound complications in
either group. All patients demonstrated an uneventful early
postoperative course, except for one case of postoperative
bleeding, requiring resternotomy in the B group. Two pa-
tients (7.4%) underwent permanent pacemaker implanta-
tion (PPI) for complete atrioventricular block (AV block)
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Fig. 1. All-cause mortality. Green dotted line—allograft with 95% CI. Red line—bioprosthesis with 95% CI.

within 14 days after bioprosthetic TVR. Although allograft
implantation is a more time-consuming procedure, this im-
plantation was not associated with longer ventilation time,
increased blood transfusion requirements, drainage losses,
or other complications. Notably, the allograft group re-
quired significantly fewer fresh frozen plasma transfusions
(Supplementary Table 1), likely reflecting evolving trans-
fusion protocols in the department (Supplementary Table

1.

3.3 Echocardiographic Data

Preoperative and postoperative echocardiographic as-
sessments were performed at the same diagnostic depart-
ment. All parameters reflected chronic right heart over-
load secondary to TV regurgitation (Supplementary Ta-
ble 2). The dimensions of the left chambers remained
within normal ranges, except for the left atrial volume in-
dex, which showed minor intergroup differences. Given the
median values of this parameter in both groups, these dif-
ferences appear clinically insignificant and likely represent
confounding variation. MA replacement resulted in signif-
icantly lower pressure gradients on the TV and greater re-
ductions in pulmonary systolic pressure after surgery, con-
firmed by the Mann—Whitney U and Brunner—-Munzel tests
(Supplementary Table 2).
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3.4 Early Safety

Early safety was summarized after 30 days of surgery
(during the first-year follow-up) in all patients and is pre-
sented in Table 2.

3.4.1 Mortality

Early mortality included cardiovascular, prosthesis-
related, and non-cardiovascular causes. A significant in-
tergroup difference was observed in cardiovascular mortal-
ity, primarily related to prosthesis failure (endocarditis) in
the bioprosthesis group during the first postoperative year.
Early non-cardiovascular mortality was identical in both
groups (two patients), and comprised accidental trauma and
a car accident in the bioprosthesis group versus intentional
self-harm and throat cancer in the allograft group.

3.4.2 Pacemaker Implantation

Four patients in the bioprosthesis group required PPI
(14.8%), including two early cases. Meanwhile, no statis-
tical difference was found between groups during the early
safety analysis.
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Fig. 2. Cardiovascular mortality. Green dotted line—allograft with 95% CI. Red line—bioprosthesis with 95% CI.

3.4.3 Kidney Injury

Acute kidney injury (AKI) was defined according to
the T-VARC consensus. At least stage 2 AKI developed
in five (18.5%) patients in the bioprosthesis group (p =
0.051). The proportion difference analysis confirmed sta-
tistical significance (two-tailed p = 0.037); no patients re-
quired hemodialysis.

3.4.4 Hemodynamic Valve Performance

T-VARC-defined adequate valve performance (no
stenosis, mean gradient <5 mmHg) was not achieved
in one-third of patients in the bioprosthesis group (9;
33.3%) despite a large bioprosthesis size (29-33 mm).
Only the allograft recipient did not meet the proper gra-
dient for TV; this difference was statistically significant
(Fisher’s exact test and proportion difference analysis).
Optimal/acceptable tricuspid regurgitation reduction was
achieved universally.

3.5 Clinical Efficacy

Postoperative clinical efficacy was assessed at the 2-
year follow-up (Table 3). All-cause mortality remained
statistically unchanged from those data derived from the

1-year follow-up (early safety), with one additional non-
cardiac death (drug overdose) in the MA group. Neither
all-cause mortality nor freedom from reoperation reached
statistical significance between groups. All other T-VARC
endpoints demonstrated statistically significant differences
between groups 2 years after surgery. A total of 12 patients
in the B group were free from cardiovascular hospitaliza-
tion (48%), with 22 (81.5%) in the MA group (Fisher’s
exact test, p = 0.019). A total of 13 patients in the B
group achieved an improvement of more than 5 points in
the KCCQ (56.5%), and 25 (92.6%) patients from the MA
group (Fisher’s exact test, p = 0.006).

3.6 Longitudinal Study and Time-To-Event Survival
3.6.1 All-Cause Mortality

Time-to-event survival was estimated postoperatively
at 12, 18, 24, and 36 months. No statistically signifi-
cant difference was observed in all-cause mortality between
patients who underwent bioprosthesis and MA (74.1%,
70.4%, 70.4%, 62.6% vs. 91.9%, 86.8%, 86.8%, 79.6%,
respectively; log-rank test, p = 0.21) (Fig. 1).

&% IMR Press


https://www.imrpress.com

100 —as .

............ Bioprosthesis
"""""""""""""""""""""""""""""" -+ Allograft
0.75-
©
=
e
=)
w
B 050-
(0]
©
£
k7]
L
0.25 -
log-rank test, p = 0.22
0.00 -
0 12 24 36 48 60
Time in months
Bioprosthesis
At risk 27 18 17 14 13 10
Censored 0 1 2 4 5 8
Events 0 8 8 9 9 9
Allograft
At risk 27 18 12 5 0 0
Censored 0 5 11 18 23 23
Events 0 4 4 4 4 4

Fig. 3. Endocarditis recurrence. Green dotted line—allograft with 95% CI. Red line—bioprosthesis with 95% CI.

3.6.2 Cardiovascular Mortality

Allograft implantation demonstrated significantly su-
perior freedom from cardiovascular mortality at 12-, 18-,
24-, and 36-months post-operation compared to bioprosthe-
sis TVR (100% vs. 81.5%, 77.8%, 77.8%, 69.6% respec-
tively; log-rank test, p = 0.011; Fig. 2). All cardiovascular
deaths in the bioprosthesis group were device-related (acute
valve thrombosis, septic shock, multi organ failure).

3.6.3 Endocarditis Recurrence

Most patients experienced IE recurrence during the
first postoperative year. In the nine patients in the biopros-
thesis group, five presented negative blood cultures while
four showed identical microorganisms to the initial episode
(suggesting relapse). Two of the four patients in the al-
lograft group had the same microorganism defined at the
first episode, while the remaining two had negative blood
tests. Most patients in both groups presented with IE re-
currence within the first postoperative year. Bioprosthe-
sis TVR and MA demonstrated similar time-to-event free-
dom from endocarditis recurrence postoperatively (69.7%,
69.7%, 69.7%, 65.6% vs. 83.6%, 83.6%, 83.6%, 83.6% re-
spectively; log-rank test, p = 0.22) at 12, 18, 24, and 36
months (Fig. 3).
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3.6.4 Pacemaker Implantation

MA demonstrated superior freedom postoperatively
from PPI compared to stented bioprosthesis (100% vs. 81%
at all time intervals, log-rank test, p = 0.021) at 12, 18, 24,
and 36 months (Fig. 4).

3.6.5 Reoperation

Bioprosthesis TVR and MA demonstrated similar
time-to-event freedom from reoperation (85.2%, 81.5%,
77.8%, 73.7% vs. 100%, 94.7%, 94.7%, 94.7% respec-
tively; log-rank test, p = 0.061) at 12-, 18-, 24-, and 36-
months post-operation (Fig. 5). Significantly fewer patients
with MA relapse endocarditis required the surgery to be
reperformed, since the disease was much more tolerable and
could be treated using antibiotics.

4. Discussion

Current IE management guidelines provide no consen-
sus on optimal valve substitutes for TV IE when repair is
unfeasible [11]. Biological valves are believed to be prefer-
able with regard to management and risks of lifelong antico-
agulation and thromboembolic complications, especially in
patients with drug addictions [14]. Allogenic tissue valves
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Fig. 4. Permanent pacemaker implantation. Green dotted line—allograft with 95% CI. Red line—bioprosthesis with 95% CI.

have also been utilized in patients with TV IE with promis-
ing results [7,8]. The latest study from The Prince Charles
Hospital (Australia) demonstrated good long-term survival
and freedom from reoperation in patients with IE and Eb-
stein anomaly, treated using partial tricuspid allograft re-
placement [15]. However, direct comparison between bio-
logical valves and allografts remains lacking. Alternative
surgical options have also been proposed, such as percu-
taneous aspiration and debulking of infective vegetations
[16,17]. Unfortunately, these techniques are unavailable
elsewhere and cannot be recommended for all patients. A
recent meta-analysis on the comparative outcomes after im-
planting biological and mechanical valves for TVR showed
no significant differences in long-term survival or reoper-
ation rates associated with either type of valve [18]. The
authors also found a significant difference in valve failure
after five years, with a greater likelihood of failure in me-
chanical valves. These data are consistent with a previously
published systematic review by Cheng ef al. [19]. Con-
versely, the new data, derived from a nationwide database
study, published by Sohn et al. [20] proved survival ben-
efits with mechanical prosthesis, highlighting an ongoing
surgical dilemma in prosthetic choice for TVR.

Despite advances in therapeutic and surgical ap-
proaches, operative and 30-day mortality following TVR
remain significant concerns. Both meta-analyses included
studies with relatively high 30-day mortality rates—7.7%
(Patlolla et al. [21]) and 16.5% (Sohn et al. [20]). This
study reported zero operative and 30-day mortalities for
both biological and allogenic valves, demonstrating im-
proved outcomes in TV IE management. These findings
align with the low operative mortality rates reported by
Darehzereshki ef al. [4]. In contrast with other studies,
this analysis of mortality is stratified into two subgroups.
All-cause mortality showed no significant intergroup dif-
ference, while cardiovascular mortality demonstrated sta-
tistically superior outcomes with allograft TVR. In other
words, the incidence of reperforming surgery and endo-
carditis relapse in patients with MA in the tricuspid position
was not associated with mortality. This could be explained
by a more tolerable disease course in patients with an al-
lograft that might imitate native valve endocarditis. This
phenomenon likely stems from two key factors: reduced
synthetic material compared to stented prostheses (which
require pledgets and rigid frames), and superior hemody-
namic performance characterized by lower transvalvular
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Fig. 5. Reoperation. Green dotted line—allograft with 95% CI. Red line—bioprosthesis with 95% CI.

pressure gradients. Allogenic leaflets and chords demon-
strate greater resistance to calcification and superior long-
term mobility. Stented biological valves show predisposi-
tion to periannular complications and increased antibiotic
resistance. No association was found between bioprosthe-
sis failure and IV drug use status, potentially due to the ex-
clusion of patients classified with active intravenous drug
abuse (IVDA) conditions and balanced historical IVDA ex-
posure between groups.

The further issue is the PPI risk, which might reach
16.8% according to Hamandi ef al. [3]. The prohibited
risk of PPI urged the guidelines to recommend prophylac-
tic placement of an epicardial pacing lead during tricuspid
surgery [11]. However, this approach may increase the risk
of procedure-related complications [ 11]. This study demon-
strates that PPI was implanted in 14.8% of cases after bio-
logical TVR, while there was a statistically significant dif-
ference with MA, where a zero PPI implantation is high-
lighted. These data might be considered valuable and com-
prehensive; PPI was unnecessary in the follow-up period.
The surgical technique for allograft implantation may ex-
plain these observed differences.

&% IMR Press

A critical limitation in existing tricuspid valve surgery
literature involves the inconsistent application of endpoint
definitions, potentially compromising the validity of com-
parative analyses. The present study implements T-VARC
endpoint criteria for comparing valve substitutes regarding
early safety and clinical efficacy at particular time points,
along with generally applied time-to-event analysis.

Current literature contains limited data regarding IE
relapse/recurrence following TV surgery [2]. Meanwhile,
existing meta-analyses fail to adequately address freedom
from IE—a critical determinant of early prosthetic failure
and reoperation. Notably, the allograft group demonstrated
no recurrent endocarditis cases among patients with doc-
umented IVDA history, indicating a complete absence of
relapse in this high-risk subgroup. This study shows that
endocarditis recurrence in patients with stented bioprosthe-
sis is associated with reoperation, since half of the patients
with recurrent endocarditis in the bioprosthesis group un-
derwent redo surgery. Only one patient with an allograft
experienced significant valve failure and was scheduled for
the reperformance of surgery. Two-year clinical efficacy
assessments using T-VARC criteria demonstrated superior
outcomes with mitral allografts. Time-to-event survival


https://www.imrpress.com

(freedom from surgery reconduction and recurrent endo-
carditis) demonstrated similar survival in both groups. The
difference between T-VARC clinical efficacy and Kaplan—
Meier survival could be explained by the different methods
used in the statistical analyses. The comparable baseline
characteristics between groups suggest that similar time-
to-event outcomes, including endocarditis recurrence rates,
may reflect genuine clinical equipoise rather than statistical
artifacts.

A notable gap in the existing literature concerns the
hemodynamic evaluation of valve substitutes. Meanwhile,
this study revealed that only 12 (44.4%) patients with
stented bioprosthesis exhibited a proper transtricuspid mean
gradient, conforming to the criteria of T-VARC consensus,
while allografts had a significantly better hemodynamic
profile at discharge from the hospital; these results were
sustained at the 30-day and 2-year time points.

5. Conclusions

This study represents the first comparative analysis of
stented biological valves and mitral allografts in the surgi-
cal treatment of TV IE. Both valve substitutes provide sat-
isfactory early results, compared to previous studies. Mi-
tral allograft demonstrated superior results over stented bio-
logical prosthesis in terms of cardiovascular mortality, per-
manent pacemaker implantation, and hemodynamic profile.
The application of a contemporary endpoint definition at 2
years after surgery also showed the benefits of the allograft
valve in terms of recurrent endocarditis, reoperation, car-
diac hospitalization, and the self-reported outcomes of pa-
tients. A time-to-event analysis did not demonstrate a sig-
nificant difference in all-cause mortality, recurrence of IE,
and surgery reperformance. A mitral allograft may be an
alternative valve substitute for TV replacement in patients
with infective endocarditis, with superior outcomes.

Availability of Data and Materials

All data reported in this paper might be shared by the
lead contact upon request.

Author Contributions

MN designed the research study. MN and YM, NN
performed the research. RK and AF provided help and ad-
vice on the research, conceptualization and final approval.
MG analyzed the data (statistics). MN, MG and YM wrote
the manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate

Approved by the South Ural State Medical University
and Chelyabinsk Regional Clinical Hospital institutional
review board (protocol #3 from 14.01.2016). Written in-

10

formed consent was obtained preoperatively from all partic-
ipants. This study complied with the Helsinki Declaration
and is a retrospective registry.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/RCM37204.

References

[1] Iftikhar SF, Ahmad F. Tricuspid Valve Endocarditis. StatPearls
Publishing: Treasure Island. 2025.

[2] Witten JC, Hussain ST, Shrestha NK, Gordon SM, Houghtaling
PL, Bakaeen FG, ef al. Surgical treatment of right-sided infec-
tive endocarditis. The Journal of Thoracic and Cardiovascular
Surgery. 2019; 157: 1418-1427.e14. https://doi.org/10.1016/].jt
cvs.2018.07.112.

[3] Hamandi M, Smith RL, Ryan WH, Grayburn PA, Vasudevan A,
George TJ, et al. Outcomes of Isolated Tricuspid Valve Surgery
Have Improved in the Modern Era. The Annals of Thoracic
Surgery. 2019; 108: 11-15. https://doi.org/10.1016/j.athoracsur
.2019.03.004.

[4] Darehzereshki A, Mehaffey JH, Hayanga JWA, Wei L,
D’etcheverry T, Lagazzi LF, et al. Tricuspid valve surgery for
acute infective endocarditis can be performed with very low op-
erative mortality. JTCVS Open. 2024; 21: 67-75. https://doi.or
¢/10.1016/j.xjon.2024.06.012.

[5] Slaughter MS, Badhwar V, Ising M, Ganzel BL, Sell-Dottin
K, Jawitz OK, et al. Optimum surgical treatment for tricus-
pid valve infective endocarditis: An analysis of the Society
of Thoracic Surgeons national database. The Journal of Tho-
racic and Cardiovascular Surgery. 2021; 161: 1227-1235.el.
https://doi.org/10.1016/j.jtcvs.2019.10.124.

[6] Nappi F, Spadaccio C, Mihos C, Shaikhrezai K, Acar C, Moon
MR. The quest for the optimal surgical management of tricuspid
valve endocarditis in the current era: a narrative review. An-
nals of Translational Medicine. 2020; 8: 1628. https://doi.org/
10.21037/atm-20-4685.

[7] Shrestha BMS, Fukushima S, Vrtik M, Chong IH, Sparks L,
Jalali H, et al. Partial replacement of tricuspid valve using cryop-
reserved homograft. The Annals of Thoracic Surgery. 2010; 89:
1187—-1194. https://doi.org/10.1016/j.athoracsur.2009.12.047.

[8] Ostrovsky Y, Spirydonau S, Shchatsinka M, Shket A. Surgi-
cal treatment of infective endocarditis with aortic and tricuspid
valve involvement using cryopreserved aortic and mitral valve
allografts. Interactive Cardiovascular and Thoracic Surgery.
2015; 20: 682—-684. https://doi.org/10.1093/icvts/ivv028.

[9] DiMauro M, Russo M, Saitto G, Lio A, Berretta P, Taramasso M,
et al. Prognostic role of endocarditis in isolated tricuspid valve
surgery. A propensity-weighted study. International Journal of
Cardiology. 2023; 371: 116-120. https://doi.org/10.1016/].ijjca
rd.2022.09.020.

[10] Hahn RT, Lawlor MK, Davidson CJ, Badhwar V, Sannino A,

&% IMR Press


https://doi.org/10.31083/RCM37204
https://doi.org/10.31083/RCM37204
https://doi.org/10.1016/j.jtcvs.2018.07.112
https://doi.org/10.1016/j.jtcvs.2018.07.112
https://doi.org/10.1016/j.athoracsur.2019.03.004
https://doi.org/10.1016/j.athoracsur.2019.03.004
https://doi.org/10.1016/j.xjon.2024.06.012
https://doi.org/10.1016/j.xjon.2024.06.012
https://doi.org/10.1016/j.jtcvs.2019.10.124
https://doi.org/10.21037/atm-20-4685
https://doi.org/10.21037/atm-20-4685
https://doi.org/10.1016/j.athoracsur.2009.12.047
https://doi.org/10.1093/icvts/ivv028
https://doi.org/10.1016/j.ijcard.2022.09.020
https://doi.org/10.1016/j.ijcard.2022.09.020
https://www.imrpress.com

(1]

[12]

[13]

[14]

[15]

Spitzer E, et al. Tricuspid Valve Academic Research Consortium
Definitions for Tricuspid Regurgitation and Trial Endpoints.
Journal of the American College of Cardiology. 2023; 82: 1711—
1735. https://doi.org/10.1016/j.jacc.2023.08.008.

Delgado V, Ajmone Marsan N, de Waha S, Bonaros N, Brida
M, Burri H, et al. 2023 ESC Guidelines for the management of
endocarditis. European Heart Journal. 2023; 44: 3948-4042. Er-
ratum in: European Heart Journal. 2023; 44: 4780. Erratum in:
European Heart Journal. 2024; 45: 56. https://doi.org/10.1093/
eurheartj/ehad776.

Nuzhdin MD, Komarov RN, Matsuganov DA, Nadtochiy NB.
Original technique for tricuspid valve replacement by mitral ho-
mograft: Step-by-step approach and initial results. Journal of
Cardiac Surgery. 2022; 37: 5195-5201. https://doi.org/10.1111/
jocs.17228.

Nuzhdin MD, Komarov RN, Bolsunovsky VA. Contemporary
Approach with Mitral Valve Allograft in the Treatment of Tri-
cuspid Valve Pathology. In Recent Scientific and Therapeutic
Advances in Allograft. 2023. IntechOpen: London. https://doi.
org/10.5772/intechopen.111687.

Pfannmueller B, Kahmann M, Davierwala P, Misfeld M,
Bakhtiary F, Binner C, et al. Tricuspid Valve Surgery in Pa-
tients with Isolated Tricuspid Valve Endocarditis: Analysis of
Perioperative Parameters and Long-Term Outcomes. The Tho-
racic and Cardiovascular Surgeon. 2017; 65: 626—633. Erratum
in: The Thoracic and Cardiovascular Surgeon. 2017; 65: el.
https://doi.org/10.1055/s-0035-1568864.

Raza S, Shrestha B, Doig F, Pohlner P, Jalali H, Naidoo R.
Partial replacement of the tricuspid valve using cryopreserved
tricuspid homograft: 20-year outcomes. Interdisciplinary Car-

&% IMR Press

[16

[7

[18

[19

[20

[21

—

—

[l

—

]

—

diovascular and Thoracic Surgery. 2025; 40: ivae229. https:
//doi.org/10.1093/icvts/ivae229.

Malik AH, Bandyopadhyay D, Krishnan S, Goel A, Hajra A,
GuptaR, et al. Percutaneous Tricuspid Valve Vegetation Debulk-
ing in Infective Endocarditis: 2016 to 2020 National Database
Analysis. JACC. Advances. 2023; 2: 100373. https://doi.org/10.
1016/j.jacadv.2023.100373.

Rozenbaum Z. Percutaneous Aspiration of Tricuspid Infective
Endocarditis Vegetation Using Inari Flowtriever. The Israel
Medical Association Journal: IMAJ. 2023; 25: 702-703.
Abdul Qadeer M, Abdullah A, Noorani A, Khan AH, Mustafa
MS, Nadeem ZA, et al. Tricuspid valve replacement with me-
chanical versus biological prostheses: a systematic review and
meta-analysis. Journal of Cardiothoracic Surgery. 2024; 19:
636. https://doi.org/10.1186/s13019-024-03014-0.

Cheng Z, Fang T, Wang D, Guo Y. Tricuspid Valve Replace-
ment: Mechanical or Biological Prostheses? A Systematic Re-
view and Meta-Analysis. The Heart Surgery Forum. 2021; 24:
E209-E214. https://doi.org/10.1532/hsf.3531.

Sohn SH, Kang Y, Kim JS, Hwang HY, Kim KH, Choi JW.
Early and long-term outcomes of bioprosthetic versus mechan-
ical tricuspid valve replacement: A nationwide population-
based study. The Journal of Thoracic and Cardiovascular
Surgery. 2024; 167: 2117-2128.el1. https://doi.org/10.1016/j.
jtcvs.2023.01.025.

Patlolla SH, Saran N, Schaff HV, Crestanello J, Pochettino A,
Stulak JM, et al. Prosthesis choice for tricuspid valve replace-
ment: Comparison of clinical and echocardiographic outcomes.
The Journal of Thoracic and Cardiovascular Surgery. 2024; 167:
668—679.e2. https://doi.org/10.1016/j.jtcvs.2022.07.003.

11


https://doi.org/10.1016/j.jacc.2023.08.008
https://doi.org/10.1093/eurheartj/ehad776
https://doi.org/10.1093/eurheartj/ehad776
https://doi.org/10.1111/jocs.17228
https://doi.org/10.1111/jocs.17228
https://doi.org/10.5772/intechopen.111687
https://doi.org/10.5772/intechopen.111687
https://doi.org/10.1055/s-0035-1568864
https://doi.org/10.1093/icvts/ivae229
https://doi.org/10.1093/icvts/ivae229
https://doi.org/10.1016/j.jacadv.2023.100373
https://doi.org/10.1016/j.jacadv.2023.100373
https://doi.org/10.1186/s13019-024-03014-0
https://doi.org/10.1532/hsf.3531
https://doi.org/10.1016/j.jtcvs.2023.01.025
https://doi.org/10.1016/j.jtcvs.2023.01.025
https://doi.org/10.1016/j.jtcvs.2022.07.003
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Population and Data Source
	2.2 Inclusion Criteria
	2.3 Exclusion Criteria
	2.4 Endpoint Definitions
	2.4.1 Definition of Early Safety (30-Day Postoperative Assessment)
	2.4.2 Clinical Efficacy (Annual Assessment) is Defined as a Composite of the Following

	2.5 Infective Endocarditis Definition
	2.6 Surgical Technique and Valve Substitutes
	2.7 Data Analysis

	3. Results
	3.1 Patients' Characteristics
	3.2 Operative Details and Early Outcomes
	3.3 Echocardiographic Data
	3.4 Early Safety
	3.4.1 Mortality
	3.4.2 Pacemaker Implantation
	3.4.3 Kidney Injury
	3.4.4 Hemodynamic Valve Performance

	3.5 Clinical Efficacy
	3.6 Longitudinal Study and Time-To-Event Survival
	3.6.1 All-Cause Mortality
	3.6.2 Cardiovascular Mortality
	3.6.3 Endocarditis Recurrence
	3.6.4 Pacemaker Implantation
	3.6.5 Reoperation


	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

