Eurolntervention TRIAL DESIGN
2026;22:¢358-e366

published online e-edition March 2026
DOI: 10.4244/E1J-D-25-01090

Transcatheter valve-in-valve versus redo-surgical valve
replacement for mitral bioprosthetic valve dysfunction: rationale
and design of the SURVIV randomised trial

Dimytri A. Siqueira'*, MD, PhD; Alexandre A.C. Abizaid?, MD, PhD; Auristela A. Ramos!, MD, PhD;

Mario Issa', MD, PhD; Alberto C. Cervone!, MD; Cristiano G. Bezerra®, MD, PhD;

Breno Alencar de Araripe Falcao*, MD, PhD; Leandro A. Cortes®, MD;

Leonardo de Freitas C. Guimaries®, MD, PhDj; Luiz Eduardo K. Sao Thiago’, MD, PhDyMariana Rezende!, MD;
Tacianne Rolemberg Delamain', MD; Dorival Della Togna', MD, PhD; Jorge E. Assef!, MD, PhD;

Andrea A. Vilela!; MD, PhD; Antonio Tito Paladino!, MD, PhD; Ibraim M. Pinto!, MD, PhD;

Kleber Franchini!;, MD, PhD; Deepak L. Bhatt®, MD, MPH, MBA; Fausto Feres'; MD, PhD

*Corresponding author: Instituto Dante Pazzanese de Cardiologia, Av. Dr. Dante Pazzanese, 500 Prédio 111 — 1° andar, 04012-909,
Sao Paulo, Brazil. E-mail: dimytrisiqueira@gmail.com

This paper also includes supplementary data published online at: https://eurointervention.pcronline.com/doi/10.4244/EI]-D-25-01090

Bioprosthetic mitral valves are prone to structural valve deterioration (SVD) over time, which can lead to bioprosthetic
valve dysfunction (BVD) requiring reintervention. Surgical redo-mitral valve replacement (rMVR) is currently the
standard treatment, although it is associated with significant mortality in high-risk patients. Transcatheter mitral
valve-in-valve (mViV) has emerged as an alternative to surgical rMVR in patients with failed bioprostheses, but
randomised studies comparing the two treatments are lacking. The SURVIV trial is an investigator-initiated,
prospective, multicentre, open-label, randomised controlled trial that will enrol 150 patients with mitral BVD
suitable for surgical rMVR or transcatheter mViV. Participants will be randomised 1:1 to transseptal mViV with
a balloon-expandable transcatheter heart valve or to conventional surgical rMVR. Procedures will be performed
according to local best practices with contemporary medical devices. The primary endpoint is the composite of all-
cause mortality or disabling stroke at 12 months. Key secondary endpoints are major complications (cardiovascular
death, disabling stroke, life-threatening or major bleeding, acute kidney injury stage 2 or 3, and major vascular
complications) at 30 days, according to Mitral Valve Academic Research Consortium criteria; rehospitalisation for
cardiovascular causes at 12 months; echocardiographic and/or tomographic signs of prosthetic valve thrombosis and
early SVD at 3 and 12 months; and health-related quality of life (EQ-5D-5L) at 3 and 12 months. Clinical follow-up
will continue up to 10 years. SURVIV is the first randomised trial to compare a transcatheter mViV procedure with
surgical rMVR for mitral BVD and may provide further clinical evidence to guide the management of patients with
failed mitral bioprostheses. ClinicalTrials.gov: NCT04402931.
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the majority of patients who wundergo surgical
mitral valve replacement, and their use has grown
steadily as clinicians and patients seek to avoid lifelong
anticoagulation®. Although multiple cohort studies have
shown excellent survival and freedom from valve-related
complications, all bioprosthetic valves are prone to progressive
tissue deterioration — leading ultimately to
bioprosthetic valve dysfunction (BVD). Surgical redo-mitral
valve replacement (rMVR) remains the established therapy
for BVD?2, but this can be associated with high mortality rates,
particularly in patients with advanced disease, comorbidities,
or multiple previous cardiac surgeries®”. Moreover, technical
operative difficulties caused by tissue adhesions substantially
increase the occurrence of bleeding complications, leading to
significant morbidity and increased in-hospital length of stay.
Transcatheter valve-in-valve has emerged as a less invasive
alternative to redo-surgery for older, high-risk patients with
BVD. Initially applied for treating failed aortic bioprostheses®,
transcatheter mitral valve-in-valve (mViV) replacement has
now been adopted worldwide. Contemporary registries
report low rates of periprocedural morbidity and mortality
in high- and intermediate-risk patients, coupled with
favourable valve performance®!!. Recent meta-analyses
comparing mViV and rMVR have
mortality but lower incidences of stroke, major bleeding,
and acute kidney injury with mViV'>5, Most available data
are derived from observational studies subject to selection
bias, heterogeneous follow-up, and incomplete adjustment
for confounding!®'®. Therefore, a head-to-head comparison
of the results of mViV and rMVR is crucial to guide
clinical recommendations (especially in younger, lower-risk
patients). Additionally, careful imaging follow-up is required
to detect complications such as leaflet thrombosis, late
transcatheter heart valve (THV) migration'” and structural
valve deterioration (SVD); such data are sometimes difficult
to obtain from non-controlled trials. The Randomized
Trial of Transcatheter Valve-In-Valve vs Redo Surgery
for Biosprosthetic Mitral Dysfunction (SURVIV) aims to
compare the aforementioned treatments in patients across
the surgical risk spectrum with mitral BVD. Applying
standardised endpoint definitions and comprehensive
echocardiographic and tomographic assessment, its primary
aim is to determine whether transcatheter mViV surpasses
surgical rMVR in safety and efficacy.

Methods

RATIONALE AND STUDY DESIGN

The SURVIV study is an investigator-initiated, prospective,
randomised, multicentre, controlled, open-label clinical trial
designed to assess the safety and efficacy of transseptal mViV
as compared to repeat surgical mitral valve replacement in
patients with severe mitral BVD. Seven participating centres
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from different regions in Brazil (4 in the southeast, 2 in the
northeast, and 1 in the south) have been selected, all with
expertise in both transcatheter and surgical mitral valve
interventions. Each centre maintains a dedicated Heart Team
comprising interventional cardiologists, cardiac surgeons,
imaging specialists, and clinical coordinators to ensure
optimal patient care and protocol adherence.

The trial will be conducted in accordance with the principles
of the Declaration of Helsinki and Good Clinical Practice
guidelines. Ethical approval has been obtained from the
institutional review boards of all participating centres, and the
study is registered at ClinicalTrials.gov: NCT04402931 (date
of registration: 17 Feb 2020). All participants will provide
written informed consent before enrolment. The study flow is
depicted in Figure 1.

ELIGIBILITY AND SCREENING

Patients >18 years old with severe, symptomatic mitral
BVD and requiring repeated mitral valve intervention will
be screened for enrolment into the trial. Inclusion and
exclusion criteria are depicted in Table 1. A complete medical
history, physical examination, New York Heart Association
(NYHA) Functional Class assessment, laboratory studies
(complete blood count, metabolic panel, liver function tests,
coagulation studies, B-type natriuretic peptide [BNP]/N-
terminal [NT]-proBNP), and 12-lead electrocardiogram will
be required. A comprehensive imaging assessment will be
performed within 90 days prior to the procedure, including
transthoracic and  transoesophageal echocardiography
(TOE) and cardiac computed tomography (CT). A coronary
CT scan to exclude concomitant coronary artery disease
(CAD) and/or a right heart cardiac catheterisation with
invasive coronary angiography may be required to confirm
pulmonary hypertension and assess associated CAD. As
the available risk-stratification tools remain controversial
in estimating outcomes after tMVR and mViV, Society of
Thoracic Surgeons Predicted Risk of Mortality (STS-PROM)
or European System for Cardiac Operative Risk Evaluation
I (EuroSCORE 1I) cutoff values will be waived during the
screening phase, yielding a pragmatic local Heart Team-
centred decision regarding eligibility. A committee comprising
investigators who are participants in the trial will review all
screened cases to determine if the patient is an appropriate
candidate for both treatments, with a focus on anatomical
risk factors (e.g., valve sizing, risk of left ventricular outflow
tract [LVOT] obstruction, porcelain aorta, hostile chest,
and intracardiac thrombus) and any other relevant clinical
factors that could impact enrolment eligibility (such as
associated valvular or myocardial diseases). The risk of
LVOT obstruction? will be predicted using dedicated CT
software (3mensio [Pie Medical Imaging]). Once deemed
an appropriate candidate, the patient will be considered for
enrolment in the study.

Abbreviations

BVD  hioprosthetic valve dysfunction
BVF  hioprosthetic valve failure

CT computed tomography

Lvot

rMVR

left ventricular outflow tract TOE
mViV  mitral valve-in-valve
redo-mitral valve replacement

transoesophageal echocardiography
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EXPECTED EXCLUSIONS (target n=50)
Does not meet inclusion criteria
Anatomical factors (small neo-LVOT, thrombus, concomitant TR)
Declines to participate

Allocated to surgical rMVR group

RECEIVED ALLOCATED INTERVENTION

Transcatheter mitral ViV

FOLLOW-UP ASSESSMENTS
Clinical at 30 days, 12 months, and yearly thereafter (up to 10 y)
CT and TOE imaging at 3 and 12 months

PLANNED ANALYSIS

(ITTand mITT)
Primary endpoint analysis

Surgical redo-mitral valve replacement
(n=75)

RECEIVED ALLOCATED INTERVENTION

Surgical redo-mitral valve replacement

FOLLOW-UP ASSESSMENTS
Clinical at 30 days, 12 months, and yearly thereafter (up to 10 y)
CT and TOE imaging at 3 and 12 months

PLANNED ANALYSIS

(ITT and mITT)
Primary endpoint analysis

Study design:
Randomised, prospective, multicentre, open-label
Primary endpoint: composite of all-cause mortality and disabling stroke at 12 months
Intention-to-treat and modified intention-to-treat analysis

Figure 1. Planned study flow diagram for the SURVIV trial. This CONSORT flow diagram illustrates the planned recruitment,
randomisation, intervention, and follow-up strategy for the SURVIV trial. The study has a target enrolment of 200 patients with
severe, symptomatic mitral bioprosthetic valve dysfunction (BVD) requiring reintervention, with an anticipated exclusion rate of
approximately 50 patients who will either not meet the inclusion criteria, decline participation, or have other contraindications.
The remaining 150 eligible patients will undergo 1:1 randomisation to either mViV (n=75) or surgical rMVR (n=75).
Randomisation will be performed using a centralised, computer-generated allocation sequence with variable block sizes to ensure

balanced treatment assignment and allocation concealment. All randomised patients will receive their allocated intervention

according to standardised protocols, followed by comprebensive clinical assessments at predetermined intervals including

3 months, 12 months, and annually up to 10 years. The follow-up protocol encompasses clinical evaluation, multimodality
imaging, and quality-of-life assessments designed to capture both acute safety outcomes and long-term efficacy endpoints. The
primary analysis will follow the I'TT principle, analysing all 150 randomised patients according to their assigned treatment group
regardless of protocol deviations or crossover. CT: computed tomography; ITT: intention-to-treat; LVOT: left ventricular
outflow tract; mITT: modified intention-to-treat; mViV: mitral valve-in-valve; rMVR: redo-mitral valve replacement;

TOE: transoesophageal echocardiography; TR: tricuspid regurgitation; ViV: valve-in-valve

RANDOMISATION, TREATMENT, AND FOLLOW-UP

After informed consent, patients will be randomised 1:1 to
receive either transcatheter mViV with a SAPIEN 3 or a SAPIEN
3 Ultra THV platform (both Edwards Lifesciences) or rMVR
with a surgical bioprosthetic valve. A subrandomisation in
the surgical group will define which bioprosthetic valve is to
be used — ensuring that one-third of surgical patients receive
a PERIMOUNT or PERIMOUNT Magna Ease bioprosthesis
(both Edwards Lifesciences) and two-thirds receive another
commercially available surgical bioprosthesis. Randomisation
will be performed using a centralised, computer-generated
allocation sequence with variable block sizes to ensure
balanced treatment assignment while maintaining allocation
concealment. The electronic randomisation system will
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be accessible 24 hours a day through a secure web-based
platform, ensuring rapid treatment allocation without delays
that could compromise patient care. Randomisation will
occur only after all eligibility criteria have been verified and
informed consent has been obtained. The allocation sequence
will be concealed from investigators until the moment of
randomisation, preventing selection bias in patient enrolment.
Given the nature of the interventions, blinding of patients and
treating physicians is not feasible. However, efforts will be
made to minimise bias through blinded endpoint adjudication,
standardised imaging protocols, and objective outcome
measures. The clinical events committee will remain blinded
to treatment allocation when analysing primary and secondary
outcomes at 1-year follow-up.



Table 1. Patient selection criteria.

mViV vs rMVR for BVD: the SURVIV trial

Inclusion criteria:

Age >18 years;
Symptoms of heart failure NYHA Class >ll;
Severe mitral bioprosthetic dysfunction defined by echocardiography;

The Heart Team agree on eligibility, including assessment that mViV and surgical rMVR are suitable;
The study patient or the study patient’s legal representative is informed of the nature of the study, agrees to its provisions and provides written

informed consent as approved by the institutional review board centre;

The study patient agrees to comply with all required post-procedure follow-up visits including annual visits for 10 years;
The Heart Team agree on treatment strategy for concomitant coronary disease (if present);
The patient agrees to undergo surgical rMVR if randomised to control treatment.

Exclusion criteria:

Heart Team assessment of inoperability (including examining cardiac surgeon);

Hostile chest;

Acute myocardial infarction <1 month before the intended treatment (WHO definition);
Concomitant, severe valvular disease (aortic, tricuspid or pulmonic) requiring surgical intervention;

Mitral mechanical prosthesis or valve rings;

Pre-existing mechanical or bioprosthetic valve dysfunction in another position;

Complex CAD: unprotected LM, SYNTAX >32 (in the absence of prior revascularisation);

Any therapeutic invasive cardiac procedure resulting in a permanent implant that was performed within 30 days of the index procedure (unless
part of a planned strategy for treatment of concomitant CAD). Implantation of a permanent pacemaker is not an exclusion criterion;

Patients with planned concomitant surgical or transcatheter ablation for atrial fibrillation;

Leucopaenia (WBC <3,000 cells/mL), acute anaemia (Hb <9 g/dL), thrombocytopaenia (PIt <560,000 cells/mL);

Hypertrophic cardiomyopathy with or without obstruction;

Predicted neo-LVOT area <170 mm?2 without feasible augmentation strategies;

Severe ventricular dysfunction with a left ventricular ejection fraction <20%;

Echocardiographic evidence of a mobile intracardiac mass, thrombus, or vegetation;

Active upper gastrointestinal bleeding within 3 months (90 days) prior to the procedure;

A known contraindication or hypersensitivity to all anticoagulation regimens, or inability to be anticoagulated for the study procedure;
Clinically or neuroimaging-confirmed stroke or TIA within 3 months prior to the procedure;

Renal insufficiency (creatinine >3.0 mg/dL) and/or renal replacement therapy at screening;

Estimated life expectancy <12 months due to active malignancies, severe hepatic dysfunction (Child-Pugh class C), severe COPD (FEV, <30%

predicted) or others;

Currently participating in an investigational drug or another device study;

Active bacterial endocarditis within 6 months of procedure;

Current pregnancy or intention to become pregnant during the study period.

CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; FEV,: forced expiratory volume in 1 second; Hb: haemoglobin; LM: left main;
LVOT: left ventricular outflow tract; mViV: mitral valve-in-valve; NYHA: New York Heart Association; Plt: platelets; rMVR: redo-mitral valve replacement;
TIA: transient ischaemic attack; WBC: white blood count; WHO: World Health Organization

The assigned treatment will be performed following
treatment guidelines and according to local best practices,
as described in Supplementary Appendix 1. The choice of
anticoagulant and the duration of the antithrombotic regimen
after rMVR will be left to physician discretion. Nevertheless,
a specific protocol will be advised, and for patients in
sinus rhythm, anticoagulation with a vitamin K antagonist
(warfarin) to achieve an international normalised ratio
of 2.5, or alternatively a direct oral anticoagulant, will be
recommended for at least 3 months after surgery. At the time
that the study was designed, the evidence base for the optimal
antithrombotic strategy after mViV was not robust. Hence,
the same protocol for rMVR will also be recommended.
Details regarding antithrombotic and antiplatelet therapy
(including compliance and reasons for interruption) and other
cardiac medications will be recorded at each study visit.

The follow-up protocol includes clinical evaluation, laboratory
testing, imaging studies, and quality-of-life questionnaires
(EQ-5D-5L) at predefined intervals and is outlined in Figure 2.
Echocardiographic (TOE) and cardiac CT examinations at
3 and 12 months will be performed and independently assessed
by an imaging core lab to validate findings and provide useful
imaging data for prespecified substudies of bioprosthetic leaflet
thrombosis and early signs of structural valve dysfunction.
Echocardiographic variables include mean mitral transprosthetic

gradients, mitral valve area, Doppler velocity index, assessment
of central and/or paravalvular regurgitation, plus other standard
evaluations; CT variables cover the predicted and true post-
procedure neo-LVOT areas.

Study endpoints

The primary and secondary endpoints are listed in Table 2.
The primary endpoint is defined as the incidence of
a composite of all-cause mortality or stroke (defined as
disabling) at 12 months post-procedure. Secondary endpoints
include safety outcomes at 30 days, efficacy outcomes
at 12 months, and valve-related complications such as
thrombosis and structural valve deterioration, assessed
annually. Clinical outcomes will be defined in accordance
with the Mitral Valve Academic Research Consortium?', as
this was the most current consensus document at the time of
the study’s design and first enrolment. Conversely, structural
mitral bioprosthetic dysfunction and/or valve thrombosis will
be classified according to newly proposed echocardiographic
and cardiac CT definitions?2.

Statistical analysis

SAMPLE SIZE CALCULATION

The sample size calculation is based on the hypothesis of the
superiority of transcatheter mViV implantation compared
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Clinical assessment - Complete clinical evaluation at all timepoints |
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—

Echocardiography

Cardiac CT
Quality of life | |
(EQ-5D-5L)
F e etman [ Mortality and stroke |
assessment Mortality and stroke

Long-term follow-up

D Clinical evaluation: medical history, physical examination, laboratory tests
(CBC, LFT, coagulogram, NT-proBNP), ECG

D Cardiac CT: baseline, 3 and 12 months post-procedure

. Echocardiography: TTE at all timepoints; TOE at baseline, 3 and 12 months

D Quality of life: EQ-5D-5L at baseline, 3 and 12 months, and
yearly thereafter

D Primary endpoint: composite of all-cause mortality or disabling stroke

. Annual assessment of clinical status and TTE (for structural valve

) deterioration) up to 10 years
Key assessment windows:

Procedure: device specifications, procedure times, complications, immediate postprocedural imaging
30 days: primary safety endpoint evaluation period

Figure 2. Study timeline and follow-up schedule. This comprebensive follow-up schedule illustrates the timing and scope of
clinical assessments designed to capture both acute and long-term outcomes while minimising patient burden and ensuring high
retention rates. Clinical assessment (pale red bar) includes a complete medical history, physical examination, laboratory studies
(complete blood count, comprehensive metabolic panel, liver function tests, coagulation studies, and BNP/N'T-proBNP), and
12-lead electrocardiography at all timepoints. Echocardiographic evaluation (green bars) consists of TTE at baseline, 3 montbs,
12 months, and annually thereafter, with TOE performed at baseline, 3 months, and 12 months for comprehensive anatomical
assessment. Cardiac CT (orange bars) is performed at baseline, 3 months, and 12 montbs to evaluate anatomical suitability, for
procedural planning, and to assess postprocedural complications (such as THV thrombosis or signs of early bioprosthetic
deterioration). A quality-of-life assessment (blue bars) using the EQ-5D-SL questionnaire is administered at baseline, 3 months,

and 12 months, and yearly thereafter to assess sustained functional improvements. The primary endpoint assessment (dark red

bar) occurs at 12 months and evaluates the composite outcome of all-cause mortality or disabling stroke. Long-term follow-up

(grey bar) continues annually from 2 to 10 years, focusing on structural valve deterioration, valve-related complications, and

long-term durability outcomes. This structured approach ensures comprehensive data collection for both primary safety and
efficacy endpoints while maintaining feasibility for long-term patient follow-up. BNP: B-type natriuretic peptide; CBC: complete
blood count; CT: computed tomography; ECG: electrocardiogram; EQ-5D-5L: EuroQol S-dimension 5-level; LFT: liver
function test; NT-proBNP: N-terminal pro-B-type natriuretic peptide: THV: transcatheter heart valve; TOE: transoesophageal

echocardiography; TTE: transthoracic echocardiography

with conventional mitral valve surgery with respect to the
12-month composite primary endpoint. Available evidence
comparing both treatments was minimal at the time of the
protocol design in 2018. Therefore, the mortality rates were
estimated from descriptive studies published between 2012
and 2017 — which represented the most contemporary data
available at the time of protocol development. These studies
report on the 1-year follow-up data for mViV or surgical
rMVR separately*>?’. Moreover, stroke rates beyond 30 days
were not reported systematically in the literature, so historical
data from participating centres were used. Accordingly,
we assumed an estimated cumulative event rate of 8% in
the mViV group and 25% in the surgical rMVR group.
Considering these proportions, a 2-sided significance level of
5%, and a statistical power of 80%, a total of 150 patients
is estimated to be required. The calculation assumes a 1:1
randomisation ratio between groups and is based on a time-
to-event analysis using a Cox proportional hazards regression
model.
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STATISTICAL METHODS

Analyses will be conducted on the following two population
sets. The intention-to-treat (ITT) set includes all randomised
patients, analysed according to their originally assigned
treatment groups, regardless of the actual treatment received
or any protocol deviations.

The modified intention-to-treat (mITT) set includes all
randomised patients, analysed according to their originally
assigned treatment groups but considering clinical outcomes
from the date of the procedure (if performed) rather than
from the date of randomisation.

The primary analysis will use both the ITT and mITT
population sets. The primary composite endpoint of all-cause
mortality or disabling stroke will be analysed as a time-to-
event outcome using Kaplan-Meier survival curves. Cox
proportional hazards regression will be employed to estimate
hazard ratios with 95% confidence intervals, adjusting for age.
The proportional hazards assumption will be assessed using
Schoenfeld residuals and graphical methods. If the assumption



Table 2. Primary and major secondary endpoints.

Primary endpoint

All-cause death or disabling stroke at 12 months

Secondary endpoints
Safety endpoints at 30 days

All-cause mortality

Cardiovascular mortality

Disabling stroke

Major vascular complications

Life-threatening or major bleeding (BARC 3-5)
Acute kidney injury (AKIN stage 2-3)
New-onset atrial fibrillation

Reoperation for any cause

Left ventricular outflow tract obstruction

Efficacy endpoints at 12 months

Individual components of the primary endpoint
Cardiovascular death

Rehospitalisation for heart failure

Change in NYHA Functional Class

Valve-related complications (yearly)

Prosthetic valve thrombosis

Structural valve deterioration

Bioprosthetic valve failure

Endocarditis

Long-term endpoints (annually up to 10 years)
All-cause mortality

Cardiovascular mortality

Disabling stroke

Myocardial infarction

Heart failure hospitalisation

AKIN: Acute Kidney Injury Network; BARC: Bleeding Academic Research
Consortium; NYHA: New York Heart Association

is violated, Greenwood-based Z-tests will be performed to
compare the cumulated incidences at 3, 6, and 12 months.

Regarding secondary analyses, time-to-event endpoints will
be analysed using Kaplan-Meier survival curves, and hazard
ratios will be estimated using Cox proportional hazards models,
adjusted for age. Proportional hazards assumption violations
will be treated similarly to those in the primary endpoint
analysis. Quality-of-life evaluation (EuroQol) will be compared
between groups using linear regression models adjusted for age
and baseline EuroQol values, and results will be presented as
mean differences with 95% confidence intervals.

With respect to missing data, all time-to-event analyses will
be censored at the last visit performed for each participant or
at the time of death (if death is not the event of interest). No
missing events will be imputed. Missing baseline or follow-up
data will be handled using a complete case analysis. No
imputation methods are prespecified.

In terms of additional analyses, we will calculate the
restricted mean survival time at 1 year for the primary
endpoint, and landmark analyses at 6 months will be
presented to distinguish short- and long-term comparisons.
Hazard ratios with 95% confidence intervals will be reported
for each time window.

mViV vs rMVR for BVD: the SURVIV trial

Continuous endpoints will be analysed using t-tests or
Wilcoxon rank-sum tests, depending on data distribution.
Categorical endpoints will be compared using the chi-square
or Fisher’s exact test as appropriate.

QUALITY ASSURANCE

Statistical analysis will be conducted using R software, version
4.4.1 or later (R Foundation for Statistical Computing), with
all analyses prespecified in a detailed statistical analysis plan
that will be finalised before database lock. All statistical code
will be documented and archived to ensure the reproducibility
of results. Additional information regarding data collection
and management is provided in Supplementary Appendix 2.

CLINICAL EVENTS COMMITTEE

An independent clinical events committee comprising
a cardiologist, an interventional cardiologist, and a cardiovascular
surgeon will review and adjudicate all primary and secondary
endpoint events using predefined criteria. Committee members
will be blinded to treatment allocation and will base their
assessments on comprehensive clinical documentation and
imaging studies.

DATA SAFETY MONITORING BOARD

An independent data safety monitoring board (DSMB) will
provide ongoing oversight of study conduct, safety, and
efficacy. The DSMB will review unblinded safety data at
regular intervals and have the authority to recommend study
modification or termination if safety concerns arise.

Discussion

Bioprosthetic heart valves have been increasingly preferred
over mechanical valves in patients who require surgical aortic
or mitral valve replacement. When structural BVD ensues,
surgical TMVR prevails as the treatment of choice, and
studies have shown that — depending on patient age — a repeat
surgical procedure can be required in up to 35% of patients
at 10 years®® and 50% at 20 years®. Early postoperative
mortality ranges from 6% to 12% in recent series®®326
but this can be significantly higher in patients with multiple
surgeries’, endocarditis, or pulmonary hypertension?*.

The development of percutaneous treatment of aortic
stenosis paved the way for a transcatheter approach for mitral
BVD, and Cheung et al were the first to report a valve-in-
valve procedure using transapical access®. Initial studies have
demonstrated acceptable clinical and haemodynamic results,
despite the high-risk characteristics of patients selected for
these procedures’”. A progressive shift towards a higher
use of the transseptal approach has been observed, and
recent evidence revealed lower mortality and stroke rates’.
Analysing a large cohort of 4,243 high surgical risk patients
(Society of Thoracic Surgeons score 9+8%) treated from
2015 to 2022, Goel et al'® found mortality rates of 4.3% at
30 days and 13.4% at 1 year, with a high technical success
rate and a low incidence of periprocedural complications,
such as LVOT obstruction (0.4%) or valve migration (0.3%).
In a prospective, observational study with carefully selected
patients (n=50) deemed at intermediate risk for surgical
rMVR, there were no deaths or strokes at a median follow-up
of 758 days, and the rate of technical success was 98.0%!'!.
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By avoiding sternotomy and cardiopulmonary bypass, mViV
should trigger less systemic inflammation and tissue trauma,
hasten recovery, and improve the clinical outcomes of patients
with mitral SVD (Figure 3).

Several study-level meta-analyses revealed that — despite
older age, more comorbidities, and a high surgical risk profile -
patients undergoing mViV had a lower rate of periprocedural
complications (including stroke, bleeding and acute kidney
injury) and a shorter hospital length of stay!'*'>. Overall,
no significant differences in mortality rates between rMVR
and mViV were reported at 1 year, although a few studies
revealed a lower in-hospital mortality rate after mVivV!41s,
There are unsettled issues related to the mViV procedure, as

Clinical benefits

No cardiopulmonary bypass
Inflammatory response (cytokine
release, complement activation)
Coagulopathy

Preserved chest anatomy
Adhesion formation
Future operative risk

Minimally invasive approach
Surgical trauma

l Pain & bleeding

ICU & in-hospital stay

it can result in smaller effective orifice areas, raising concerns
about higher transprosthetic gradients and patient-prosthesis
mismatch. The incidence of leaflet thrombosis has not been
clearly documented, and late THV durability is largely
unknown and needs to be addressed before expanding
indications to low-risk patients. In this regard, rheumatic
valve disease is still a common indication for cardiac surgery
in younger adults, representing a challenge to public health
in low- and middle-income countries; management of heart
valve disease in these countries requires long-term follow-up
and is characterised by the need for repeat operations,
resulting in substantial impact on a patient’s quality of life
and healthcare costs.

Remaining issues

Smaller effective orifice area &
higher gradients

latrogenic ASD
Leaflet thrombosis
Concomitant TR

Long-term durability
(SVD, reoperation)

Long-term survival

SURVIV trial
Reduced all-cause mortality?
Lower incidence of disabling stroke?

Rate of major complications (bleeding, vascular, acute kidney injury)?
Improved NYHA Class?
Greater exercise capacity?
Enhanced quality of life?

Figure 3. Mechanistic rationale and hypothesised clinical benefits of the transcatheter valve-in-valve approach. This conceptual
framework illustrates the mechanistic rationale underlying the study hypothesis that transcatheter mitral ViV may demonstrate
clinical benefits as compared to surgical rMVR for the 12-month composite primary endpoint. The transseptal ViV approach
avoids sternotomy and cardiopulmonary bypass, theoretically providing key mechanistic advantages: reduced inflammatory
response through decreased cytokine release and complement activation; elimination of cardiopulmonary bypass-related
complications including coagulopathy; minimally invasive technique resulting in reduced surgical trauma, pain, and bleeding;
and preservation of chest wall anatomy with decreased adhesion formation and lower future operative risk. These mechanistic
benefits are hypothesised to accelerate patient recovery through faster mobilisation, shorter ICU stays, and earlier hospital
discharge. The improved recovery profile is expected to translate into superior clinical outcomes across multiple

domains: enbanced 30-day safety profile with reduced all-cause mortality, stroke incidence, life-threatening bleeding, and acute
kidney injury; improved functional outcomes including better NYHA Functional Class, greater exercise capacity, enbanced
quality-of-life scores, and superior symptom relief; and achievement of the primary composite endpoint of reduced all-cause

mortality and stroke with sequelae at 12 months. Remaining issues related to transcatheter treatment that need to be addressed

include the role of iatrogenic ASD and concomitant TR after the procedure and rates of leaflet thrombosis, SVD, reintervention,
and long-term durability at 10 years as compared to surgical rMVR. ASD: atrial septal defect; ICU: intensive care unit;

NYHA: New York Heart Association; rMVR: redo-mitral valve replacement; TR: tricuspid regurgitation; SVD: structural valve

deterioration; ViV: valve-in-valve
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Conclusions

SURVIV is the first randomised trial to compare transcatheter
mitral valve-in-valve to redo-surgical valve replacement
in patients with severe, symptomatic mitral bioprosthetic
dysfunction. The results of this study could potentially
provide evidence to impact treatment recommendations and
support shared decisions for patients who need repeat mitral
interventions.
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Supplementary data
Supplementary Appendix 1. Methods: treatment description.

1) Transcatheter Mitral Valve-in-Valve procedure

Comprehensive imaging assessment is performed within 90 days of the procedure,
including transthoracic and transesophageal echocardiography, cardiac computed
tomography, and coronary angiography if indicated. The cardiac CT images will be
analyzed using dedicated software 3-Mensio Structural Heart module (Pie Medical
Imaging, Maastricht, the Netherlands to determine optimal valve sizing, predict neo-
LVOT dimensions, and plan the procedural approach.

The transcatheter mitral ViV procedure will be performed in a hybrid operating room
or cardiac catheterization laboratory equipped with advanced imaging capabilities
including high-resolution fluoroscopy and transesophageal echocardiography. The
procedure will be conducted under general anesthesia with endotracheal intubation to
ensure patient comfort and optimal imaging quality.

Femoral venous access will be established using vascular ultrasound, and a transseptal
puncture will be held under fluoroscopic and echocardiographic (TEE) guidance. An ideal
transseptal puncture site (posterior and inferior, 2.5 to 4 mm in height to the mitral
bioprosthetic plane) is advisable to optimize the delivery angle and minimize difficulties
in navigating the THV to the deteriorated surgical valve. After full anticoagulation with
intravenous administration of 100 UI/Kg of heparin, a balloon atrial septostomy with a
12 -14 mm semi-compliant or non-compliant balloon will be performed to facilitate
delivery system passage.

The balloon-expandable transcatheter heart valve (SAPIEN 3® or SAPIEN 3 Ultra®,
Edwards Lifesciences, Irvine CA) will be advanced mounted upsize-down in the delivery
system and positioned within the degenerated surgical bioprosthetic valve under real-time
imaging fluoroscopic guidance. Valve sizing will be based on the stent internal diameter
of the surgical bioprosthesis specified in previous surgical report or according to cardiac
CT measurements, with appropriate oversizing to ensure adequate sealing and prevent
migration. The THV will be deployed under rapid ventricular pacing to minimize cardiac
motion and ensure precise positioning, using wire-pacing technique or standard, right-
ventricular pacemaker lead. Pre- and postdilation will be performed according to
physician discretion. Post-deployment assessment will include evaluation of THV
position and function and the occurrence of paravalvular or central regurgitation or LVOT
obstruction using TEE and hemodynamic measurements. latrogenic atrial septal defect
closure will be indicated if a significant right-toleft shunting with hypoxemia is observed
during the procedure or if signs of right ventricular overload ensue during clinical and
echocardiographic follow-up. Depending on clinical status, patients will transferred to the
ward or to an intensive care unit for monitoring.

2) Surgical Redo Mitral Valve Replacement

Pre-procedure imaging assessment will include chest computed tomography to
evaluate mediastinal anatomy, identify patent grafts, and plan surgical approach. Cardiac
catheterization will be performed to address concomitant coronary artery disease. Blood
products will be made available given the increased bleeding risk associated with redo
valve surgery.



The redo-mitral valve replacement operation procedure will follow established
techniques for cardiovascular surgery with modifications based on individual patient
anatomy and previous surgical history. The procedure will be performed by experienced
cardiac surgeons with expertise in complex mitral valve surgery and redo operations. The
standard approach involves median sternotomy with careful dissection of adhesions and
identification of vital structures. Alternative approaches including right thoracotomy may
be considered based on patient anatomy and surgeon preference. Cardiopulmonary
bypass can be established using peripheral cannulation strategies when central
cannulation is not feasible.

The mitral valve is accessed through the left atrium, typically via the interatrial groove
or transseptal approach. The degenerated bioprosthetic valve is carefully excised,
preserving the annular structure, and avoiding injury to surrounding tissues. A new
bioprosthetic valve will be implanted using standard suturing techniques.

After mitral valve surgeries, patients are usually weaned from cardiopulmonary
bypass with appropriate hemodynamic support as needed, and intraoperative
transesophageal echocardiography confirms adequate valve function and excludes
complications. Patients are transferred to the intensive care unit for postoperative
monitoring and typically remain hospitalized for 5-10 days depending on recovery.

Supplementary Appendix 2. Methods: statistical analysis (continued).
Data Collection and Management

Data collection will follow Good Clinical Practice standards with electronic case
report forms designed to capture comprehensive clinical, procedural, and follow-up
information. The data management system will include built-in quality checks, range
validations, and consistency algorithms to ensure data integrity and completeness.

Source Document Verification

Regular monitoring visits will be conducted to verify source document accuracy,
protocol compliance, and data quality. A risk-based monitoring approach will focus
resources on critical data elements and high-risk sites while maintaining overall study
integrity.

Core Laboratory Services

Centralized core laboratories will provide standardized analysis of
echocardiographic and computed tomography imaging to ensure consistent endpoint
assessment across participating sites. The imaging core laboratory is staffed by
experienced cardiologists and radiologists with expertise in valvular heart disease and
transcatheter interventions.



