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Abstract

Transcatheter aortic valve replacement has become a widely accepted alternative to surgical aortic
valve replacement even in younger, lower-risk patients with longer life expectancy. The increasing
use of transcatheter aortic valve replacement is leading to a rise in the need for surgical explantation
of failing transcatheter valves, a complex procedure associated with increased periprocedural risks
and technical challenges. The absence of established guidelines for the treatment of this life-
threatening condition highlights an important clinical challenge. Published experience with surgical
explantation of transcatheter aortic valve remains limited. referralsized explantation protocols,
patient tailored management, careful patient selection, detailed preoperative imaging, and early
surgical referral are essential for improving safety and efficacy. Optimal outcomes require
collaboration among cardiac surgeons, cardiologists, infectious disease specialists, and radiologists.

Keywords: transcatheter aortic valve explantation; transcatheter aortic valve failure; surgical aortic
valve replacement; transcatheter aortic valve replacement

1. Introduction

Over the past twenty years, transcatheter aortic valve implantation (TAVI) technology has
undergone ongoing development. Advances in procedural techniques and device design have led to
transcatheter aortic valve replacement (TAVR) being considered as an alternative to surgical aortic
valve replacement. TAVI is currently approved for patients under 70 years of age and those assessed
as lower risk, based on long-term data from the Partner 3 and Evolut Low Risk Trials [1,2].

As TAVR procedures are increasingly performed in younger and lower-risk patients, the
number of surgical transcatheter aortic valve explants is expected to rise since there are several
clinical scenarios in which surgical removal of a previously implanted transcatheter valve becomes
necessary. At present, the surgical replacement of a failing transcatheter aortic valve is one of the
fastest-growing cardiac surgery procedures in the United States [3].

The incidence of TAVR-explant is currently estimated at approximately 0.5% to 2%; however,
this rate is anticipated to increase substantially in the future [3].
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The surgical replacement of a failing transcatheter aortic valve is associated with increased
periprocedural risk, reported median 30-day mortality between 15% and 20% and requires specific
technical skills and surgical experience. However, there are currently no established guidelines for
the surgical management of patients undergoing redo-TAVR [3], [Figure 1].
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Figure 1. Challenges and Indications of surgical transcatheter aortic valve explantation.

2. Incidence and Indications for TAVI Explant Surgery

According to the FRANCE 2 and FRANCE TAVI registries, which included 72,850 patients over
an eight-year period, the cumulative incidence of overall reintervention in transcatheter aortic valve
was 1.7%. Importantly, 62.1% of these reinterventions occurred early, within the first year following
the initial procedure [4].

In the EXPLANT-TAVR international registry, which included 391 patients, the median time
from TAVI to explantation was 13.3 months [5]. According to this registry, primary reasons for
surgical removal are transcatheter valve endocarditis (43.1%), severe paravalvular leak (18.2%),
structural transcatheter valve deterioration (20.1%) and severe prosthesis-patient mismatch (10.8%)
[5,6], [Figure 1].

Surgical bailout is another indication for transcatheter valve explantation [Figure 1]. Specifically,
urgent conversion from TAVI to open-heart surgery, referred to as surgical bailout, may be necessary
in cases of complications such as annular rupture, coronary obstruction, or type A aortic dissection.
An analysis of the STS and ACC Transcatheter Valve Therapy registry found that, among 47,546
TAVI patients, 1.17% required surgical bailout, with an in-hospital mortality rate of 49.6% [7].

The cumulative incidence of transcatheter aortic valve endocarditis approaches 5% within the
initial five years following the procedure. Reported annual incidence rates range from 0.5% to 1.6%
among populations monitored for up to five years [8].

Recent analysis from the PARTNER-1 and PARTNER-2 trials, which included 8,530 patients,
revealed that the incidence of prosthetic valve endocarditis did not differ notably between patients
who underwent TVR and those who received surgical aortic valve replacement [9]. However,
additional studies have highlighted the substantial morbidity and mortality associated with TAVR-
related endocarditis. Notably, in-hospital mortality rates for TAVR-endocarditis were nearly twice as
high as those observed in surgical prosthetic valve endocarditis cases [9].

Surgical explantation of infected TAVI prostheses is relatively rare, being performed in only 2%
to 14% of cases, despite clear indications for surgery in more than 80% of affected patients [6,8]. The
primary reasons for not proceeding with surgery include high clinical or surgical risk, the need for
additional procedures, advanced patient age, limited life expectancy, multiorgan failure, septicemia,
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and overall poor long-term prognosis. Unfortunately, this approach results in high in-hospital
mortality rates and poor short-term survival. Among patients who undergo surgical explantation,
postoperative in-hospital mortality has been reported to range from 28% to 47% [8,10].

3. EXPLANT-TAVR Registry: Comparison of Self-Expanding and Balloon-
Expandable Valves

The EXPLANT-TAVR international registry provides detailed categorization of the reasons for
surgical explantation of transcatheter aortic valves. This registry distinguishes between balloon-
expandable valves (BEV) and self-expanding valves (SEV), highlighting notable differences in the
indications for explantation between the two device types. The table below outlines the distribution
of common indications, such as endocarditis and paravalvular leak, along with the corresponding
statistical significance as measured by p-values [5], [Table 1].

Table 1. The EXPLANT-TAVR registry distinguishes between balloon-expandable and self-expanding valves in

terms of explantation reasons.

Indication SEV (%) BEV (%) p-value
Endocarditis 36.0 55.4 <0.001
Paravalvular leak 21.2 11.9 0.014
Structural valve 30.2 21.8 0.065
deterioration

Prosthesis-patient 8.5 10.4 0.61
mismatch

Findings from the EXPLANT-TAVR registry show that, among patients with failed SEV, there
was a lower rate of urgent, or emergency surgeries and a higher frequency of root replacement
procedures compared to those with BEV [Table 2].

Table 2. The EXPLANT-TAVR registry showed that the SEV valves had fewer urgent or emergency surgeries

and more root replacements.

Group Urgent/Emergency p-value Root p-value (Root
Surgeries (%) (Urgent/Emergency) Replacement Replacement)
(%)
SEV 52.0 0.057 15.3 0.016
BEV 62.3 0.057 7.4 0.016

According to the EXPLANT-TAVR registry, there were no notable differences in short-term or
mid-term mortality and morbidity between BEV and SEV after explantation.

4. Technical Challenges and Expert Insights for TAVR Explantation

Explantation of transcatheter heart valves is a high-risk procedure with specific technical
challenges. Patients evaluated for surgical explantation after TAVI failure are often high risk due to
prior ineligibility for surgery, significant comorbidities, frailty, challenging anatomy, complex
structural issues, previous operations, heavy aortic calcification, or a small aortic annulus. Emerging
data—such as from Fukuhara et al.—indicate that even initially low-risk patients experience
disproportionately high observed-to-expected mortality when undergoing TAVR explant,
underscoring the inadequacy of conventional risk models in this setting [11], [Figure 1].
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The Society of Thoracic Surgeons has recently developed updated Adult Cardiac Surgery Risk
Calculators, which now incorporate advanced surgical aortic valve replacement evaluations and
have been tailored to include patients with a history of prior TAVR procedures [12]. The EuroSCORE
I risk score is widely used for assessing surgical risk, but it does not specifically consider the distinct
challenges and risks associated with TAVI explantation. Its predictive value for outcomes in this
context is, therefore, limited and has been recognized as such.

Previous reports have highlighted that the severe calcification and endothelialization of the
transcatheter aortic valve, compounded by the calcification and degeneration of the native valve, can
increase the complexity of TAVI surgical explantation. A preoperative contrast-enhanced computed
tomography scan (CT) is usually necessary to facilitate a safe surgical explant procedure.

There is limited data comparing earlier versus later interventions. Early TAVI explantation,
conducted within one month of the initial procedure, generally enables easier removal of the
prosthesis because there is minimal adhesion. In contrast, delayed surgical management—especially
following unsuccessful or suboptimal non-surgical approaches such as repeat TAVR—has been
associated with less favourable outcomes. This may be due to factors including patient condition,
increased device adherence, and the potential requirement for additional procedures [13,14].

The cannulation strategy should be based on the specific TAV type and preoperative CT
findings. For supra-annular valves with frames that extend into the ascending aorta, high cannulation
in the aortic arch is recommended to provide adequate space for aortic cross-clamping. The TAVI
scaffold may reduce available space for placing a cannula or clamp on the ascending aorta, which can
lead to the use of peripheral axillary or femoral artery cannulation as an alternative approach [3].

For intra-annular valves, the aortotomy is performed in the standard location, using either a
transverse or oblique incision. With supra-annular valves, the aortotomy may be conducted at the
top of or within the frame of the valve [3,14].

Self-expanding valves are taller than balloon-expandable valves, often requiring a higher
aortotomy for removal due to their larger stent frame. This can hinder visualization of the aortic
annular complex and increase the risk of root damage. Conversely, balloon-expandable valves
explantation may be more straightforward for surgeons without TAVR experience, as their stent
profile resembles surgical aortic valves. This difference may explain the higher rate of aortic root
replacement during SEV explantation compared to BEV [5]. BEV frequently exhibits adhesion at the
aortic root, while self-expandable devices tend to adhere at the sinotubular junction; additionally,
larger aortic diameters are generally associated with reduced adhesions, which facilitates dissection
[14].

Standard antegrade cardioplegia is generally appropriate for intra-annular valves, where the
stent frame is short. For supra-annular valves, antegrade cardioplegia cannulation should avoid the
tall valve prosthesis, which can typically be palpated through the aorta. Retrograde cardioplegia is
commonly used in TAVR explants and is often required for initial cardiac arrest in patients with
aortic regurgitation. Access to the coronary ostia prior to valve removal is often limited by the small
cell openings of the stent frame [3].

The Double Kocher and Roll techniques are utilized for the explantation of BEV, whereas the
Tourniquet or Recapture technique is employed for the explantation of SEV. These techniques are
intended to minimize tissue damage and decrease the likelihood of further surgical procedures
[3,14,15].

The use of ice-cold saline irrigation is not required for nitinol frames [12]. Detaching the device
from native or prosthetic aortic valves is usually uncomplicated, since these tissues can withstand
manipulation [14].

The majority of patients undergoing TAVI valve explantation typically require a form of aortic
root reconstruction, which may include root enlargement, aortic root endarterectomy, or root
replacement [16]. Root replacement is most often performed during TAVR-explant for endocarditis
with periannular abscess, or when a deeply endothelialized TAVR valve damages the proximal
ascending aorta or sinuses during removal.
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Deep implantation of valves, especially with earlier-generation transcatheter heart valves, may
affect the aortomitral curtain, anterior mitral leaflet, and membranous septum. If these structures are
compromised during TAVR explant, subsequent repair such as ventricular septal defect closure or
concomitant mitral surgery may be necessary [5]. Importantly, patients requiring concomitant
surgery exhibit a higher mortality rate of 23.8% [15].

In the EXPLANT-TAVR registry, 54.6% of patients underwent concomitant procedures,
including root repair (4.8%), ascending aortic replacement (12.2%), mitral valve repair or replacement
(32.0%), tricuspid valve repair (8.8%), and combined mitral and tricuspid surgery (7.5%). These
procedures were associated with higher mortality rates [6]. According to the same registry, mortality
following TAVR-explant was associated with prolonged bypass and cross clamp durations, as well
as concomitant mitral or tricuspid valve procedures. After TAVR explant, 30-day mortality was 16%
and one-year mortality was 33%. [5].

5. The SURPLUS Hybrid Procedure

Surgical Resection of Prosthetic Valve Leaflets Under Direct Vision (SURPLUS) is a hybrid
approach in which the transcatheter aortic valve leaflets are surgically excised while the frame of the
valve remains intact, followed by direct implantation of a balloon-expandable valve under both direct
visualization and fluoroscopic guidance.

SURPLUS prevents tissue dissection during TAVR-explant, reducing aortic or structural injuries
and shortening bypass and cross-clamp times. However, this technique is contraindicated for
transcatheter valve endocarditis treatment and does not prevent prosthesis-patient mismatch [3].

6. Discussion

Surgical explantation of transcatheter aortic valves even in low-risk patients, can result in
significant morbidity and mortality. Although it occurs infrequently, this procedure has reported 30-
day mortality rates between 15% and 20%, with higher rates observed when concomitant procedures
or endocarditis are involved.

On the other hand, the TAVI in TAVI technique provides a less invasive option for treating
patients with failed transcatheter aortic bioprostheses, although it is associated with higher rates of
valve malposition, coronary obstruction, and patient-prosthesis mismatch. It is considered a
therapeutic alternative for selected patients, particularly those with structural valve degeneration,
low risk of coronary obstruction, and the potential for favorable hemodynamic outcomes. However,
this approach may not be appropriate for all TAVR recipients due to anatomical factors or the
presence of endocarditis. TAVI in TAVI procedure is linked to a higher rate of reintervention;
however, it is associated with reduced technical complexity and lower 30-day mortality compared to
surgical reoperation [16].

At the NY Valves 2025 symposium, Fukuhara presented an analysis of 4,443 Medicare
beneficiaries who underwent TAVI and later received either redo TAVI (n = 2,553) or TAVI explant
(n =1,890) [14]. The 30-day mortality rate was higher for the TAVI explant group compared to the
redo TAVI group (15.3% vs 4.9%). In a propensity score-matched analysis including 1,584 patients in
each group, survival rates were higher in the TAVI explant arm than in redo TAVI, with survival
curves intersecting at 1.8 years (P < 0.001). The risk associated with TAVI explant dropped below that
of redo TAVI in 7 months (HR 0.86; 95% CI 0.77-0.97). Additionally, fewer patients who underwent
TAVI explantation required a second reintervention compared to those who had redo TAVI (6.2% vs
31.2%; P = 0.01). Stratification by age showed that explantation conferred a significant survival
advantage over redo TAVI in individuals aged 65-70 years (beginning at 1.3 years; P = 0.011), while
no survival benefit was observed for those aged over 70 years [17].

The lack of standardized protocols and established guidelines for managing TAVI explantation
presents a significant clinical challenge. To date, there is limited published data regarding surgical
explantation of transcatheter aortic valves. Further studies may help refine surgical strategies and
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develop evidence-based protocols for this clinical scenario. Prospective multicenter registries could
provide additional data on long-term outcomes after TAVI explantation and contribute to the
development of standardized surgical approaches [Figure 1].

A multidisciplinary approach—engaging cardiac surgeons, interventional cardiologists,
infectious disease experts, and radiologists—is essential for improving diagnosis, management, and
outcomes in this high-risk population.

Careful patient selection and prompt intervention remain essential to improving outcomes in
this challenging patient population. Comprehensive preoperative planning utilizing CT can
minimize the likelihood of iatrogenic injury and streamline procedural execution. In addition, regular
post-TAVR monitoring and timely referral to surgical teams are advised to avoid interventions in
patients presenting with advanced pathology [3],[Figure 1].

When TAVR explantation is indicated, it is essential for surgeons to be aware of the complex
challenges associated with different TAVI device designs, sizes, and the specific anatomical
considerations of each patient. A patient-tailored approach is associated with improved surgical
outcomes. A thorough understanding of TAVR system characteristics and their interactions with
native anatomical structures is required.

Standardizing surgical THV explantation techniques may reduce complications while
improving both safety and reproducibility. Furthermore, such standardization facilitates a more
efficient learning process. Limiting TAVR-explant procedures to centers of excellence and high-
volume institutions may contribute to decreased rates of morbidity and mortality.

Consequently, when evaluating transcatheter aortic valve implantation for younger patients
with aortic stenosis, clinicians should be aware that subsequent surgical explantation and
replacement of an infected or degenerative prosthesis may present considerable technical challenges.
TAVR explantation carries significant surgical risks that must be considered in lifetime management
of aortic stenosis.

7. Conclusions

Over the next decade, a rise in complex aortic valve reoperations following TAVI procedures is
expected. Clinical assessment and multidisciplinary collaboration are important for selecting suitable
TAVR candidates. Heart teams are advised to clearly communicate potential risks of reoperation
during shared decision-making with patients. Outcomes following TAVR-explant could improve
among lower-risk patients, with careful monitoring, timely referrals, preoperative planning, patient
tailored approach and standardized TAVR-explant techniques. Further large-scale studies are
required to optimize surgical approaches and develop robust, evidence-based protocols for
managing this complex clinical situation.
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Abbreviations
The following abbreviations are used in this manuscript:

TAVR transcatheter aortic valve replacement
TAVI transcatheter aortic valve implantation
BEV balloon-expandable valve

SEV self-expanding valve

STS Society of Thoracic Surgeons

ACC American College of Cardiology

CT Computed tomography
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