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Abstract

Background While previous studies have indicated comparable outcomes for redo surgical valve replacement (SVR)
and primary SVR, there is limited information regarding the long-term follow-up of these patients. Providing prog-
nostic data on redo SVR is crucial for enhancing decision-making and medical care, as well as for identifying low-risk
subsets of patients eligible for redo SVR. This study aimed to evaluate the short- and mid-term outcomes of patients
who underwent their first and second redo SVR of a previously replaced valve.

Methods We included 118 consecutive patients with a history of first or second redo SVR. The participants had
a mean age of 57.5+ 14.4 years, with 71 (60%) being female. The median follow-up period was 69 months. Clini-
cal, intraoperative, and laboratory data were analyzed to assess all-cause mortality, major adverse events (MAE),
and a composite of prosthetic valve thrombosis, embolic events, and major hemorrhage (TEH), along with their
predictors. Bayesian model averaging was used for statistical analysis.

Results The 30-day mortality rate was 11 patients (9.3%). Chronic kidney disease was identified as an independent
predictor of 30-day mortality. The overall survival rates at one and five years were 86% (95% Cl 80% to 93%) and 76%
(95% Cl 68% to 85%), respectively. Dyslipidemia, a history of major bleeding, chronic kidney disease, stroke, and trans-
valvular leakage in biological prostheses were all associated with all-cause mortality as independent predictors. The
TEH-free survival rates at one and five years were 91% (95% Cl 86% to 97%) and 79% (95% CI 71% to 88%), respec-
tively. Diabetes, sex, a history of percutaneous coronary intervention, and baseline functional capacity were identified
as independent predictors for the occurrence of TEH. The MAE-free survival rates at one and five years were 82% (95%
Cl173% to 92%) and 61% (95% Cl 49% to 75%), respectively. Hypertension and baseline functional class were inde-
pendent predictors of MAE occurrence. The type and anatomical position of the valve were not predictors of mortal-
ity, THE, and MAE.

Conclusions Our study demonstrated acceptable short- and mid-term outcomes for redo SVR, especially in patients
without significant risk factors. Several potential predictors of adverse outcomes were identified.
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Introduction

Valvular heart diseases are estimated to affect more
than 70 million people worldwide [1]. Rheumatic valvu-
lar disease primarily impacts populations in developing
countries, while degenerative valve disease affects both
developing and developed nations, with an increasing
prevalence [1, 2]. Surgical valve replacement (SVR),
which includes mitral valve replacement (MVR), aor-
tic valve replacement (AVR), tricuspid valve replace-
ment, and pulmonary valve replacement, has been a
widely accepted treatment method for various valvular
heart diseases for several decades [3] and has been per-
formed on millions of patients worldwide [4].

In developing countries, SVR is predominantly per-
formed on younger patients due to the higher preva-
lence of rheumatic valvular disease [5], with favorable
survival rates observed following AVR [6] and MVR
[7]. It is estimated that up to one-third of patients with
prosthetic valves will require redo valve intervention at
some point [8]. Over the past two decades, transcath-
eter valve replacement has emerged as a viable alterna-
tive to redo SVR in cases involving biological prostheses
[9]. Nonetheless, SVR remains the only option for con-
ditions such as mechanical prostheses, endocarditis,
and certain instances of valve thrombosis or paravalvu-
lar leakage [10]. Moreover, transcatheter valve replace-
ment is often inaccessible to patients in low-income
countries. Additionally, for AVR [11] and MVR [12],
one-year survival rates have not shown significant dif-
ferences between SVR and transcatheter valve replace-
ment. Previous studies have demonstrated comparable
prognoses for redo SVR and primary SVR in the cases
of MVR [13] and AVR [14, 15], highlighting the impor-
tance of identifying low-risk patient subsets for redo
SVR to assist clinicians in making informed decisions.
However, limited data are available on the long-term
follow-up of patients undergoing redo SVR. Existing
studies on redo AVR are often outdated [16, 17], even
though outcomes have significantly improved over time
[18]. Moreover, these studies frequently focus on spe-
cific age groups [19], valve types [20], or patient demo-
graphics [21], and may examine redo sternotomy for
reasons unrelated to valvular replacement or for valves
other than the aortic valve [18]. Therefore, it is essen-
tial to provide current prognostic data on redo SVR to
facilitate informed decision-making and improve medi-
cal care by developing tailored approaches for redo
SVR.

This study aimed to evaluate the short- and mid-term
outcomes of patients who underwent their first and
second redo SVR of the same previously replaced valve.
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Methods

Study population

In our historical cohort study, 118 patients under-
went first and second redo SVR of the same previously
replaced valve at our tertiary referral cardiovascular
center between April 2011 and April 2023. Redo SVR
was defined as the replacement of the same valve
replaced previously. Primary SVR and first and second
redo SVR may have been performed alongside other
cardiac surgeries in addition to the redo replacement
of the same valve. Consequently, patients with a history
of valve replacement who underwent the replacement
of other valves were excluded from the study. Addi-
tional cardiac surgeries were not considered primary
cardiac surgeries. Furthermore, patients with a history
of valve repair or valve thrombectomy were excluded.
The type of prosthetic valve was selected according to
a discussion among cardiologists, cardiac surgeons,
and patients while considering patients’socioeconomic
status that determined the possibility of frequent pro-
thrombin time checking, childbearing age, the ten-
dency of patients for one type of prosthetic valve after
full discussion regarding relative merits of each type of
prosthetic valve, and validated recommendations. The
patient data at the time of the first or second redo SVR
were recorded.

In our hospital, patients who undergo cardiac valve
surgeries are monitored in a dedicated unit, and their
data are collected systematically. Patients receive regu-
lar follow-up visits and undergo echocardiography when
indicated. Medical treatment is provided based on vali-
dated recommendations.

In this study, follow-up data, including demographic,
clinical, surgical, and short- and mid-term outcomes,
until September 2023 were reviewed. Chronic kidney
disease was defined as serum creatinine >4 mg/dL. Dys-
lipidemia was identified based on the use of anti-lipid
medications or laboratory parameters, including triglyc-
eride >150 mg/dL, total cholesterol >200 mg/dL, and
high-density lipoprotein <45 mg/dL in men and <55 mg/
dL in women. Outcomes were defined as all-cause mor-
tality; a composite measure including valve thrombo-
sis, embolic events, and major hemorrhage (TEH); and
nonstructural valve dysfunction, encompassing para-
valvular leakage, patient-prosthesis mismatch, and pan-
nus formation. A composite of all-cause mortality, TEH,
endocarditis, re-operation, pacemaker implantation, and
mediastinitis was defined as major adverse events (MAE).

We adhered closely to the guideline recommendations
for reporting outcomes following cardiac valve surger-
ies [22]. Our institutional review board approved the
research study and confirmed that the informed written
consent obtained at the time of admission was sufficient.
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Statistical analysis

This study utilized standard descriptive statistics,
expressing normally distributed quantitative variables as
means and standard deviations, while abnormally dis-
tributed quantitative variables were reported as medians
with interquartile ranges (IQRs). Qualitative variables
were depicted using frequencies and percentages.

The effects of individual variables on all-cause mortal-
ity, TEH, and MAE were examined using Cox Propor-
tional Hazard Regression, while logistic regression was
employed to evaluate their impact on 30-day mortality
and nonstructural valve dysfunction. Concerning MAE,
since most of the occurrences were in women, the analy-
sis was conducted solely for female participants to com-
ply with model assumptions.

The constraint of limited events for multivariable anal-
ysis was overcome by implementing the Bayesian model
averaging (BMA) to identify the most significant predic-
tors (Supplementary Figs. 1-5). This method addresses
model uncertainty by generating multiple candidate
models and averaging their results based on posterior
probabilities. Variables are evaluated based on their
inclusion probabilities across models, and those exceed-
ing a specified threshold (e.g., 0.5) are selected. This
approach reduces the risk of overfitting and improves
model stability. The variables whose corresponding bar
is more filled in in BMA figures are more important
predictors whose effect should be adjusted. Then a mul-
tivariable Cox proportional hazards (PH) model or mul-
tivariable logistic regression was applied, as appropriate.
Schoenfeld residuals and the Hosmer—Lemeshow test
were used to evaluate the PH assumption and assess the
model’s goodness of fit. In addition, the concordance
index (C-index) and area under the curve (AUC) were
selected to measure the Cox-PH and logistic model’s dis-
criminative ability, which assesses how well the model
can distinguish between outcomes. A C-index and AUC
greater than 0.7 reflect good discrimination of the model.
The outcomes were presented as hazard ratios (HRs) and
odds ratios (ORs) with 95% confidence intervals (ClIs) for
the Cox and logistic regression models, respectively. Data
analysis was performed using the R Statistical language
(version 4.4.0; R Core Team, 2023).

Results

Patient demographics, clinical, intraoperative, and other
characteristics are summarized in Table 1. The age of
our patients was 57.5 +14.4 years, and 71 (60%) were
female. Thirteen patients (11%) had a history of second
redo SVR. 11 cardiac surgeons did the surgeries. The car-
diac surgeons had 10 years (4—17 y) of experience at the
beginning of our study and performed 81 (49-167) valve
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Table 1 The characteristics of the study population

Characteristics

Statistical description?

Number of patients (n) 118

Sex (female), % 71 (60.1)
Age,y 5751144
Body mass index, kg/m? 257 £45
Diabetes, % 21(17.8)
Hypertension, % 35(29.7)
Dyslipidemia, % 34 (28.8)
Cigarette smoking, % 13(11)
Chronic kidney disease, % 6 (5.1)
History of coronary artery bypass graft surgery, 6 (5.1)

%

History of myocardial infarction, % 6 (5.1)
History of stroke, % 20 (16.9)
History of percutaneous coronary interven- 7(5.9)
tion, %

History of major bleeding, % 9(7.6)
Atrial fibrillation rhythm, % 46 (39.0)

NYHA functional class IlI, IV, %

Second redo surgery, %

Primary valve type (mechanical), %

First or second redo valve type (biologic), %
Aortic valve replacement, %

Mitral valve replacement, %

Transvalvular leakage (in biological prosthe-
ses), %

37 (31.46)
13(11.0)
68 (57.6)
45(38.1)
31(26.3)
77 (65.3)
18 (15.3)

Creatinine, mg/dL 09+0.2
Hemoglobin, g/dL 123+£22
Left ventricular ejection fraction, % 49.0+8.0
Systolic pulmonary artery pressure, mm Hg 51.0£16.0

Cross-clamp time, min
Perfusion time, min

715(48.0,103.3)
115.0(77.3,175.8)

NYHA: New York Heart Association.

@The continuous variables, if normally distributed, are presented as means and
standard deviations and, if skewed, demonstrated as medians and interquartile
ranges. Categorical variables are presented as frequencies (n) and percentages
(%)

surgeries annually. All surviving patients were success-
fully followed up after hospital discharge. The median
follow-up for these patients was 69 months (55-82
months). The median time interval between primary sur-
gery and first redo SVR was 5.0 years (3.0-12.1 years),
primary and second redo SVR was 14.8 years (10.3-24.2
years), and second and third redo SVR was 8.3 years
(4.7-13.9 years). The underlying pathologic causes for
first or second redo SVR included infectious endocarditis
in 31 patients (26%), valve thrombosis in 34 (29%), pan-
nus formation in 7 (6%), paravalvular leakage in 10 (8%),
patient-prosthesis mismatch in 1 (1%), and valve degen-
eration in 35 (30%).
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Concomitant surgeries performed during the first or
second redo AVR included aortoplasty in four patients
and coronary artery bypass graft surgery in six patients.
For the first or second redo MVR, the concomitant sur-
geries were as follows: AVR in five patients, aortic valve
repair in one patient, tricuspid valve replacement in three
patients, tricuspid valve repair in fifteen patients, pulmo-
nary valve replacement in one patient, coronary artery
bypass graft surgery in eight patients, atrial septal defect
closure in two patients, and paravalvular leakage closure
in one patient. Additionally, for the first or second redo
TVR, there was valve thrombectomy for the other pros-
thetic valve in one patient, paravalvular leakage of the
other prosthetic valve in one patient, and coronary artery
bypass graft surgery in one patient.

The frequencies of valve replacement locations and
types of prosthetic valves used in primary surgery, first
redo SVR, and second redo SVR are presented in Table 2,
while their sizes and brands are detailed in Supplemen-
tary Table 1. Emergent or urgent surgeries were per-
formed on eight patients (7%). An intra-aortic balloon
pump was inserted in five patients (4%). Intraoperative
and postoperative inotropic agents were administered
to 30 patients (25%) and 24 patients (20%), respectively.
Blood transfusions were conducted intraoperatively in 34
patients (29%) and postoperatively in 59 patients (50%).

During the first 30 days after the operation, 11 patients
(9.3%) died, with 10 of these deaths occurring before
hospital discharge. Our univariable analysis identified
hypertension (OR, 4.94; 95% CI 1.93 to 20.1; P= 0.016),
chronic kidney disease (OR, 30.00; 95% CI 5.01 to 246.00;
P< 0.001), history of TEH (OR, 6.31; 95% CI 1.17 to
29.30; P= 0.021), baseline New York Heart Association
(NYHA) functional class III/IV (OR, 4.49; 95% CI 1.26 to
18.20; P=0.023), creatinine levels (OR, 1.30; 95% CI 1.03
to 1.66; P=0.023), and redo MVR (OR, 0.27; 95% CI 0.07
to 0.94; P = 0.045) as predictors of 30-day mortality. The
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age, other coronary artery risk factors, second redo SVR,
left ventricular ejection fraction, prosthetic valve type,
and perfusion time were not significant predictors of
early mortality (Supplementary Table 2). Our multivari-
able analysis demonstrated chronic kidney disease (OR,
22.50; 95% CI 3.44 to 196.00; P= 0.002) as an independ-
ent predictor of 30-day mortality (Table 3 and Fig. 2A).

The most common morbidities observed during the
follow-up period after the last surgery included stroke
in seven patients (6%), major bleeding in nine (8%) (two
with soft tissue hematoma and seven with gastrointesti-
nal bleeding), and valve thrombosis in five (4%). Other
complications included permanent pacemaker placement
due to heart block in one patient (1%), infective endo-
carditis in four (3%), and mediastinitis in one (1%). Para-
valvular leakage was identified in 12 patients (10%) and
patient-prosthesis mismatch in three (3%), while pannus
formation was not detected in any patients. Reoperation
was done on four patients (3%; two for infective endocar-
ditis, one for patient-prosthesis mismatch, and one for
valve thrombosis).

At the end of the follow-up period, 80 patients (68%)
had survived. The survival rate for patients alive after 30
days was 86% (95% CI 80% to 93%) at one year and 76%
(95% CI 68% to 85%) at five years (Fig. 1A).

Our univariable analysis identified male sex (HR,
2.43; 95% CI 1.27 to 4.68; P= 0.008), hypertension (HR,
1.92; 95% CI 1.01 to 3.64; P= 0.019), chronic kidney dis-
ease (HR, 7.44; 95% CI 2.52 to 21.90; P< 0.001), history
of major bleeding (HR, 3.78; 95% CI 1.56 to 9.18; P=
0.003), creatinine levels (HR, 1.23; 95% CI 1.11 to 1.37;
P < 0.001), transvalvular leakage in biological prostheses
(HR, 0.11; 95% CI 0.02 to 0.83; P= 0.032), and biological
primary valves (HR, 0.51; 95% CI 0.26 to 0.99; P = 0.048)
as predictors of all-cause mortality. The age, other coro-
nary artery risk factors, left ventricular ejection fraction,
and perfusion time were not significant predictors of

Table 2 The distribution of mechanical prosthetic and bioprosthetic valves according to the valve position and the time of surgery

Place of valve replacement Frequencies Primary Surgery Redo SVR
First Second

M B M B M B
Mitral valve replacement, % 73 (62) 42 31 43 22 3 5
Aortic valve replacement?, % 27 (23) 19 8 19 3 4 0
Tricuspid valve replacement, % 1109 5 6 0 10 0 1
Pulmonary valve replacement, % 3(3) 3 0 1 2 0 0
Mitral and aortic valve replacement, % 4(3) 0 4 3 1 0 0
Total 118 (100) 69 50 66 38 7 6

?The type of one aortic valve prosthesis was missed

B; Bioprosthetic valve, M; Mechanical prosthetic valve, SVR; Surgical valve replacement
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Table 3 The multivariable analyses of study outcomes
Outcome Characteristics HR [OR] (95% Cl)® P value
30-day mortality®
Chronic kidney disease 22.50 (3.44, 196.00) 0.002
All-cause mortality®
Dyslipidemia 0.42(0.18,0.95) 0.036
History of major bleeding 4.79(1.75,13.10) 0.002
Chronic kidney disease 20.40 (5.59, 74.50) <0.001
Stroke 2.80(1.27,6.17) 0.011
Transvalvular leakage in biological prosthesis 0.07 (0.010, 0.056) 0.012
Composite of thrombosis of a valve, embolic events, and major hemorrhage?
Diabetes 4.33(1.65, 11.40) 0.003
NYHA functional class lll/IV 0.07 (0.01,0.53) 0.010
Sex (male) 0.18(0.05, 0.69) 0.012
History of percutaneous coronary intervention 8.13(1.56,42.50) 0.013
Major adverse events®
Hypertension 2.90(1.25,6.72) 0.013
NYHA functional class IlI, IV 0.24(0.07,0.82) 0.023

Cl: Confidence interval, HR: Hazard ratio, OR: Odds ratio, NYHA: New York Heart Association

2 OR for 30-day mortality, HR for Other outcomes

b The Hosmer-Lemeshow goodness-of-fit test: (x22 = 4.55,P = 0.102), AUC with 95% Cl 0.82 (0.68 to 0.96)
€ Proportional hazard assumption: (3 = 4.56, P = 0.47), C-Index with 95% Cl 0.74 (0.68 to 0.89)

9 Proportional hazard assumption:(x}1 = 3.13, P = 0.189), C-Index with 95% Cl 0.78 (0.71 to 0.86)

€ Proportional hazard assumption: (xﬁ = 1.06, P = 0.591), C-Index with 95% Cl 0.69 (0.63 to 0.81)

all-cause mortality (Supplementary Table 2). Our multi-
variable analysis demonstrated dyslipidemia (HR, 0.42;
95% CI 0.18 to 0.95; P = 0.036), history of major bleeding
(HR, 4.79; 95% CI 1.75 to 13.10; P= 0.002), chronic kid-
ney disease (HR, 20.40; 95% CI 5.59 to 74.50; P< 0.001),
stroke (HR, 2.80; 95% CI 1.27 to 6.17; P= 0.011) and
transvalvular leakage in biological prostheses (HR, 0.07;
95% CI 0.01 to 0.56; P=0.012) as independent predictors
of all-cause mortality (Table 3 and Fig. 2B).

The MAE-free survival rate at one and five years was
82% (95% CI 73% to 92%) and 61% (95% CI 49% to 75%),
respectively (Fig. 1C). Our univariate analysis identified
diabetes (HR, 2.85; 95% CI 1.28 to 6.32; P= 0.010), base-
line NYHA functional class III/IV (HR, 0.25; 95% CI 0.08
to 0.83; P= 0.024), as predictors of MAE (Supplemen-
tary Table 3). The age, other coronary artery risk factors,
chronic kidney disease, second redo SVR, left ventricu-
lar ejection fraction, and prosthetic valve type, were not
significant predictors of MAE. Our multivariable analysis
ascertained hypertension (HR, 2.90; 95% CI 1.25 to 6.72;
P= 0.013) and baseline NYHA functional class III/IV
(HR, 0.24; 95% CI 0.07 to 0.82; P= 0.023) as independent
predictors of MAE (Table 3 and Fig. 2C).

The TEH-free survival rate at one and five years was
91% (95% CI 86% to 97%) and 79% (95% CI 71% to 88%),
respectively (Fig. 1B). Our univariable analysis identified

diabetes (HR, 3.46; 95% CI 1.36 to 8.83; P = 0.009), base-
line NYHA functional class III/IV (HR, 0.12; 95% CI 0.02
to 0.87; P= 0.036), and male sex (HR, 0.28; 95% CI 0.08
to 0.96; P= 0.043) as predictors of TEH (Supplemen-
tary Table 3). The age, other coronary artery risk factors,
chronic kidney disease, left ventricular ejection fraction,
and prosthetic valve type, were not significant predictors
of TEH. Our multivariable analysis demonstrated diabe-
tes (HR, 4.33; 95% CI 1.65 to 11.40; P= 0.003), baseline
NYHA functional class III/IV (HR, 0.07; 95% CI 0.01 to
0.53; P=0.010), male sex (HR, 0.18; 95% CI 0.05 to 0.69;
P= 0.012), and history of percutaneous coronary inter-
vention (HR, 8.13; 95% CI 1.56 to 42.50; P= 0.013) as
independent predictors of TEH occurrence (Table 3 and
Fig. 2D). Our univariate analysis distinguished smoking
(OR, 4.22; 95% CI 1.00 to 15.80; P= 0.036), as a predic-
tor of nonstructural valve dysfunction (Supplementary
Table 4).

Discussion

Redo SVR is an unavoidable procedure in some patients
with mechanical valve thrombosis, paravalvular leakage,
other cardiac surgery-requiring conditions, or the una-
vailability of transcatheter valve replacement. Given the
diverse patient population in need of SVR, investigating
this field is crucial.
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Fig. 1 The images illustrate A the actuarial overall survival; B a composite of valve thrombosis, embolic events, and hemorrhage-free survival
after the first and second redo surgical valve replacement operations; and C major adverse event-free survival rates. MAE; Major adverse event, TEB;
Valve thrombosis, embolic events, and bleeding (hemorrhage)
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Fig. 2 The images present forest plots of multivariable analysis of study outcomes. FC; Functional class, PCl; Percutaneous coronary intervention

This study aimed to evaluate the short- and mid-term
outcomes of first and second redo SVR of previously
replaced valves. While numerous studies examine redo
SVR, direct comparison is challenging due to the het-
erogeneous nature of study populations. This limitation
will be acknowledged when discussing our findings.

We used BMA to address the limitation of the num-
ber of events while selecting effective predictors. Unlike
traditional regression, which relies on a single model
specification, BMA accounts for model uncertainty by
averaging across multiple models weighted by their
posterior probabilities. This approach enhances predic-
tor selection by mitigating overfitting and improving
robustness. [23].

BMA reinforces findings when predictors show high
posterior inclusion probabilities, confirming their sta-
bility across models. Conversely, it challenges tradi-
tional regression results when predictors exhibit low
inclusion probabilities, suggesting weaker or less relia-
ble associations. By incorporating BMA, we ensure that
our results are not overly dependent on a single model,

strengthening the reliability of our conclusions despite
the limited number of events [23].

Our study demonstrated a 9.3% 30-day mortality rate
for both first and second redo SVR, with most mortali-
ties taking place before hospital discharge. Early mor-
tality rates reported within the last decade have ranged
from 0% to 12.5% (0-9.5% for AVR and 5.3-12.5% for
MVR). [13-15, 24-33]. Notably, most of our patients
underwent first or second redo MVR, indicating
that our results are consistent with those previously
reported in the literature [13-15, 24—33]. In addition,
early mortality after MV surgery in patients with a his-
tory of previous cardiac surgery was reported to be up
to 10.9%. [34-36] Also, in a study early mortality in
patients with a history of cardiac surgery after the first
valve surgery was 8.6%, and after the second valve sur-
gery was 11.2% [37]. In another study, patients with a
history of cardiac surgery underwent second cardiac
surgery while 70% of them underwent valve surgery.
The early mortality of valve surgery was 13.6%. [38].
The early mortality for second redo MVR and second
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redo AVR has been reported as 10% and 22.7%, respec-
tively [39].

The existing literature has recognized several risk fac-
tors associated with early mortality, including lung dis-
ease, non-elective surgery, cardiopulmonary bypass time,
concomitant coronary artery bypass surgery, creatinine
levels, female sex, cardiogenic shock, severe tricuspid
regurgitation, and functional class [20, 25, 27, 29]. In our
study, chronic kidney disease emerged as a significant
predictor of 30-day mortality. This finding is helpful for
the risk stratification of patients before surgery and dur-
ing discussions with patients and their families. Also, cli-
nicians should optimize renal function before surgery by
controlling risk factors such as hypertension and diabe-
tes, avoiding nephrotoxic drug administration, and hypo-
tension and closely monitoring renal function, fluid, and
electrolytes.

The one-year survival rate in our study was 86%,
which aligns with other studies reporting one-year sur-
vival rates after redo SVR ranging from 86 to 94% (94%
for AVR and 86% for MVR) [15, 25, 33]. In a study, the
1-year survival rate in patients who had undergone MV
surgery after cardiac surgery was reported as 84.4%, and
in another study, it was 88% for patients with redo mitral
valve surgery [35, 36]. A study reported that the 1-year
survival in patients who underwent redo cardiac surger-
ies, most of them valve surgeries, was 78.8% [38].

Our study demonstrated a five-year survival rate of
76%. In other studies, five-year survival rates following
redo SVR have been reported to be between 63 and 86%
(74%—86% for AVR and 72-68% for MVR). [14, 15, 25, 27,
30, 33] The 5-year survival of mitral valve surgery after
a previous cardiac surgery was reported as 86.3%, and in
the other study, it was reported as 79% for patients with
redo mitral valve surgery. [35, 36]. Therefore our results
are consistent with the mid-range of previously published
data.

Multiple factors have been identified as influencing
survival outcomes in these cases, such as age, female sex,
functional capacity, diabetes, chronic kidney disease,
coronary artery disease, peripheral vascular disease, cre-
atinine levels, dehiscence, additional valve replacement,
right ventricular systolic pressure, high-grade aortic valve
regurgitation, and elevated Society of Thoracic Surgeons
scores [23, 25, 27, 30]. Our study revealed distinctive
independent predictors of survival, including a history of
major bleeding, stroke, and chronic kidney disease. These
factors may indicate heightened risk due to bleeding ten-
dencies, embolic events, and the multifaceted cumula-
tive impact of various adverse factors, respectively. A
history of major bleeding implies that meticulous obser-
vation, control of anticoagulant status, and patient edu-
cation regarding anticoagulants are required. A history
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of stroke points to an increased probability of recurrent
stroke and better management of stroke risk factors such
as hypertension is needed. The presence of chronic kid-
ney disease should be alarming for clinicians for close
follow-up of renal function, meticulous administration
of drugs and dose adjustment, and better management of
chronic kidney disease progression. We observed a pro-
tective effect of dyslipidemia on mid-term survival rates,
which could potentially be explained by the use of statins
in all patients with dyslipidemia in our study population.
The effect of statin on the survival of patients who have
undergone valvular surgery was previously presented.
[40] Additionally, transvalvular leakage in biological
prostheses appeared to have a protective effect, possibly
due to increased vigilance from patients and physicians
upon detection of leakage. This heightened awareness
may lead to more attentive medical care, closer adher-
ence to treatment guidelines, and timely recognition of
warning signs and symptoms. In addition, the possibil-
ity of selection bias should be considered. This means
that patients with bioprosthetic transvalvular leakage
had more overall health. However, our finding contra-
dicts the current data and we could not provide scientific
reasoning. Prior studies have documented the cumula-
tive incidences of TEH and stroke at 15 years post-valve
replacement, with ranges of 11.5-14.9% and 8.6—14.0%,
respectively, for mechanical prosthetic valves, and 6.6—
9.0% and 6.8-9.1%, respectively, for bioprosthetic valves
[7, 41, 42]. Moreover, the incidence of valve thrombosis
has been reported to occur at a rate of 0.1%-5.7% per
patient-year [7]. Our findings chime with these studies
despite the shorter follow-up time in our study. We iden-
tified diabetes, female sex, history of percutaneous coro-
nary intervention, and NYHA functional classes I and II
as independent predictors of TEH. Diabetes is known to
induce a prothrombotic state [4, 43], which may account
for our observations. Patients with a history of percuta-
neous coronary intervention may have an increased risk
due to prolonged exposure to antiplatelet agents and
potential comorbidities related to cerebrovascular events.
Patients with higher NYHA functional classes may have
received more intensive medical care prior to valve
replacement, including increased monitoring, medication
management, and symptom evaluation. This intensified
attention could potentially contribute to better outcomes
in this patient group. The risk of TEH in women follow-
ing valve replacement is higher than that in men. Time in
the therapeutic range serves as a marker of international
normalized ratio stability, reflecting the patient’s adher-
ence, absorption, and metabolism of warfarin. Studies
have shown that time in the therapeutic range is typically
lower in women than in men, which may contribute to
the observed differences in bleeding risk [44, 45]. These
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findings imply that more careful management of diabe-
tes and its complications and regulation of anticoagulant
dose in this subset of patients is required. In addition, the
careful regulation of anticoagulant doses in women and
patients with a history of percutaneous coronary inter-
vention is required. Also, patients with NYHA functional
classes I and II need special attention because they are
susceptible to atrial arrhythmias and the progression of
heart failure, which are predisposing factors for embolic
events.

Hypertension emerged as an independent predictor
of MAE in our study. This finding may be attributed to
the association between hypertension and various car-
diovascular risk factors, such as age, systolic and dias-
tolic dysfunction, cerebrovascular events, pulmonary
hypertension, and kidney diseases. In our study, hyper-
tension appears to serve as a surrogate marker for these
underlying factors. This finding notifies the importance
of rigorous hypertension management in these patients
and servers for risk stratification of patients. We also
observed a protective effect of preoperative functional
capacity class, which was previously discussed.

Reoperation, a component of MAE, has been reported
to occur at rates of 5.0%—6.9% and 11.1%-19.9% at 15
years for mechanical prosthetic valves and bioprosthetic
valves, respectively [7, 41, 42]. In our study, we observed
a reoperation rate of 3%, concordant with previous find-
ings when considering the shorter follow-up period in
our study. Nonstructural valve dysfunction including
paravalvular leakage, patient-prosthesis mismatch, and
pannus formation. We regarded the correlation between
cigarette smoking and nonstructural valve dysfunction
as coincidental because most of the components of this
composite are anatomical factors.

One study demonstrated that more years in prac-
tice were associated with less risk-adjusted mortality
among cardiac surgeons involved in valve surgeries in
the first decade of practice. In addition, it presented that
lower yearly case volume was associated with more risk-
adjusted mortality. [46] These findings were complemen-
tary to previously presented research [47] and compatible
with the results regarding redo cardiac surgery. [48].

In addition, it has been revealed that high-volume car-
diac valve centers had lower risk-adjusted mortality [49]
and the institutional experience effect on outcomes of
patients with redo cardiac surgeries emphasized by oth-
ers [50].

Our study’s median number of surgeon years in prac-
tice was 10 years, which indicated that our cardiac
surgeons’experience was relatively acceptable. Also, the
median surgeon’s annual case volume in our study was
comparable to that of late-career cardiac surgeons or
high-volume cardiac valve centers.
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The results of valve surgery in patients undergoing
three valve replacements, as well as in those receiving
concomitant aortic and mitral valve replacements and
coronary artery bypass surgery, have been previously
presented [51, 52]. Our institutional results fall within the
range of previously published data, highlighting our cent-
er’s experience in the surgical management of patients
requiring valve surgery. Furthermore, our center qualifies
as a high-volume valve surgical institution [49, 50].

Our study offers valuable insights into the short- and
midterm prognosis of redo SVR, which may aid clinicians
in making informed decisions for patient management
and consultation. Moreover, our results may contribute
to the development of targeted care strategies to mini-
mize potential complications in this patient group. Addi-
tionally, identifying independent factors associated with
adverse events is beneficial, as addressing detrimental
factors and enhancing alleviating factors may lead to bet-
ter outcomes. Furthermore, the presence of risk factors
for adverse outcomes highlights the need for medical
care services to deliver targeted and meticulous care for
these patients.

Study limitations

Several limitations exist within our study. Firstly, the ret-
rospective design and single-center setting may intro-
duce potential biases and limit generalizability. However,
the age of our patients was younger than in some similar
studies due to the prevalence of rheumatic valvular dis-
ease in our country. In addition, the results of this study
are invaluable for physicians in developing countries who
encounter rheumatic valvular disease and informative for
physicians in developed countries when they compare the
results of studies in developing and developed countries
or when they are exposed to immigrants from develop-
ing countries. Also, because our study was a single-center
one it may suffer from selection bias of patients, possi-
ble differences in qualities of presented medical services,
local medical protocols, cultural factors, and expertise of
physicians and medical personnel.

Secondly, the small sample size may impact the statisti-
cal power of our analyses. The relatively short follow-up
period is another limitation, as it may not capture long-
term outcomes effectively. Additionally, our study did not
collect certain patient data that could have influenced
our results.

Our study’s distinct population, which focused exclu-
sively on the replacement of previously replaced valves,
poses challenges when making direct comparisons with
other studies with broader redo SVR definitions. Some
patients in our study underwent a second redo SVR,
which could further impact outcomes. The inhomo-
geneity in the indications for redo SVR also serves as
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a limitation, as this diversity may affect the observed
results. Finally, concurrent surgeries and the variety of
surgical techniques employed could have also impacted
our findings, warranting further investigation to account
for these potential confounding factors.

Conclusions

Our study demonstrates that the short- and mid-term
outcomes of redo SVR are similar, establishing its fea-
sibility as a treatment choice, particularly for patients
without risk factors for mortality and adverse events.
Furthermore, we have recognized potential risk factors
linked to poor outcomes, which could help guide patient
selection and inform tailored management approaches
for optimizing outcomes in this patient population.
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