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Background: Emergent conversion to open heart surgery (E-OHS) during transcatheter aortic valve implantation (TAVI) is rare (0.5%–2%) but carries high perioperative mortality. Long-term outcomes in survivors beyond 30 days are not well defined.



Objectives: To assess 1-year conditional outcomes in patients who survived ≥30 days post-TAVI, comparing E-OHS survivors with propensity-matched uncomplicated TAVI recipients.



Methods: Between January 2020 and August 2023, 825 consecutive TAVI procedures were performed at three Italian centers; 11 patients (1.3%) required E-OHS for catastrophic intraprocedural complications. A 30-day landmark analysis excluded early deaths (E-OHS: n = 3; controls: n = 25). Propensity matching (1:10) was performed on nine variables, yielding 8 E-OHS survivors and 80 well-matched controls.



Primary endpoint: All-cause mortality from day 31 to 1 year.



Secondary endpoints: Composite of death, moderate-or-greater paravalvular regurgitation, or valve reintervention; heart failure rehospitalization; permanent pacemaker; stroke/transient ischemic attack (TIA); and acute kidney injury (AKI).



Results: Baseline characteristics were comparable. The mean age was 77 ± 5 years; EuroSCORE II was 6.8 ± 2.1%. One-year conditional mortality was 0% in E-OHS survivors vs. 2.9% in controls (p = 0.64). The composite endpoint occurred in 12.5% vs. 13.6% (p = 0.88). Other outcomes were similar: heart failure rehospitalization (12.5% vs. 11.2%), pacemaker implantation (12.5% vs. 9.6%), stroke/TIA (0% vs. 1.2%), and AKI (0% vs. 7.2%). No structural valve deterioration or thrombosis was observed.



Conclusions: E-OHS survivors who overcome the initial high-risk phase achieve 1-year outcomes comparable to standard TAVI patients. These findings support immediate surgical backup within TAVI programs and provide reassurance for high-risk patient counseling.
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1 Introduction

Severe aortic stenosis (AS) affects an ever-growing elderly population and is associated with dismal prognosis if untreated (1). Transcatheter aortic valve implantation (TAVI) has revolutionized its management, demonstrating non-inferiority or superiority to surgical aortic valve replacement (SAVR) across extreme-, high-, intermediate-, and low-risk cohorts (2–4). Global adoption has now surpassed 5,00,000 implants, with nearly 70% of aortic valve replacements in the United States performed percutaneously in 2024. Nevertheless, TAVI is not exempt from life-threatening complications. Annular rupture, coronary obstruction, ventricular perforation, aortic dissection, and device embolization may precipitate hemodynamic collapse, demanding emergent conversion to open heart surgery (E-OHS) (5–7).


1.1 Contemporary landscape of E-OHS

The reported prevalence of E-OHS has remained stable (0.5%–2%) despite advancements in less-invasive techniques, including the miniaturization of delivery systems and the use of less-traumatic guidewires. This paradox reflects two opposing trends: reduced hardware-related injury thanks to low-profile catheters, and expansion of TAVI into anatomically complex, low-risk, and often bicuspid valves that were once exclusive to surgery. The widest meta-analysis of 37 studies (n ≈ 40,000) confirmed an E-OHS incidence rate of 1.1% yet highlighted substantial between-center variability, suggesting that team experience and infrastructure, more than patient mix, dictate conversion rates (8).



1.2 Early vs. late hazard paradigm

Early registry data reported E-OHS perioperative mortality rate surpassing 50% (8). Technological advances, systematic computed tomography planning, and hybrid operating suites have reduced both frequency and lethality, yet published evidence still concentrates on 30-day outcomes (9–11). Whether E-OHS confers an enduring penalty beyond this early hazard remains unknown and constitutes a critical knowledge gap for patient counseling and programmed design. Cardiac surgery literature distinguishes an early hazard phase—procedure-specific and modifiable—from a late hazard governed by comorbidity and valve durability. Applying this paradigm to TAVI may illuminate the true prognostic impact of E-OHS.



1.3 Knowledge gaps and study rationale

Two conceptual hurdles obscure mid-term appraisal. First, E-OHS patients exhibit a distinctly bimodal risk curve: a steep early hazard and an indeterminate late phase. Pooling early and late events may distort true conditional prognosis. Second, E-OHS patients inherently differ from standard TAVI recipients with respect to anatomy, procedural complexity, and hemodynamic insult, introducing confounding. Propensity-score methods mitigate such imbalances but are rarely coupled with landmark analysis. Furthermore, contemporary innovations—such as cusp-overlap fluoroscopy, commissural alignment strategies, and per-procedural hemodynamic modeling—may influence both the incidence and the outcome of E-OHS, yet they remain understudied.



1.4 Objectives

Herein, we performed a 30-day landmark and 1:10 propensity-matched comparison of conditional 1-year outcomes following E-OHS vs. uncomplicated TAVI in a contemporary multi-institutional cohort. We hypothesized that once the perioperative window (30 days) is cleared, E-OHS survivors experience survival and morbidity comparable to matched controls. In addition, we sought to identify the clinical predictors of conditional mortality and to contextualize findings within the evolving TAVI ecosystem, including cost-effectiveness, decentralization debates, and guideline updates.




2 Methods


2.1 Study design and oversight

This retrospective, observational study utilized prospectively maintained databases from three Italian Heart-Valve Centers inside the same network “GVM Care & Research”: Anthea Hospital, Bari; Santa Maria Hospital, Bari; and San Carlo di Nancy, Rome. All centers provide on-site 24/7 cardiac surgery treatment. All clinical data were retrospectively extrapolated by our general and cumulative registry database (containing clinical information of all patients admitted to the hospitals) and then retrospectively analyzed. The study conforms to the ethical principles of Good Clinical Practice, the Helsinki Declaration, and complies with the current regulations. All patients gave written informed consent for inclusion, collection/use of data or samples, and/or publication according to the actual guidelines. The IRB number for the research protocol is TB001-2.



2.2 Patient selection and definitions

Between January 2020 and August 2023, 825 consecutive TAVI procedures were performed. The inclusion criteria were as follows: transfemoral or alternative access TAVI and complete 1-year follow-up. E-OHS was defined as unplanned emergent sternotomy or thoracotomy with or without the need for cardiopulmonary bypass (CPB) during the index procedure for hemodynamic crash. Device success and complications were adjudicated per Valve Academic Research Consortium-3 (VARC-3) criteria (12).



2.3 Procedural protocol

The procedure was always performed in a catheter laboratory. A complete standby cardiac surgery rescue team equipped to emergency management for E-OHS was always present during the procedure.

Details of the TAVI procedures are described elsewhere (13).

An anesthesiologist was always present during TAVI, and during E-OHS, the procedures were all converted to general anesthesia with orotracheal intubation. The E-OHS is always performed with an immediate sternotomy and direct cardiac resuscitation in patients without any history of cardiac surgery. In those with previous cardiac surgery, an extra corporeal membrane oxigenation (ECMO) is positioned peripherally and then resternotomy is performed. A maximum of 20 min was necessary to guarantee circulation support in both procedures.

We used 4 types of aortic prostheses: in 448 patients (54.3%), “Corevalve Evolut R” (Medtronic, Minneapolis, MN, USA), in 281 patients (34.1%), a “Portico” (Abbott Vascular, Santa Clara, CA, USA), in 94 patients (11.4%), a “Corevalve” (Medtronic, Minneapolis, MN, USA), and in 2 patients (0.2%), a “Myval” (Meril Life Sciences Pvt. Ltd., Vapi, Gujarat, India).

The average prosthesis size was 27.5 mm, with the most common dimensions being 26 mm (120 cases, 21%), 27 mm (71 cases, 12.5%), and 29 mm (159 cases, 28%). Prior to valve implantation, 42 patients (5.1%) underwent PCI to treat significant concomitant coronary artery disease. In 12 patients (1.4%), the transfemoral approach was not feasible; consequently, 6 trans-subclavian TAVI procedures (0.7%) were performed with surgical artery exposure, and 6 trans-axillary TAVI procedures (0.7%) were performed with a percutaneous approach.

Thirteen patients (1.6%) developed cardiogenic shock: 2 were treated with pharmacological support, and 11 underwent E-OHS.

Two patients with postprocedural complications were excluded from the emergency group: one developed cardiac tamponade 24 h later because of subtle ventricular damage, while the other experienced severe mitral regurgitation related to systolic anterior movement one week after the procedure.



2.4 Follow-up and data collection

Before discharge and at 1, 6, and 12 months, patients underwent clinical evaluation, New York Heart Association (NYHA) classification, and transthoracic echocardiography (TTE). The rate of data completeness exceeded 97%. Mortality status was cross-checked through the national registry.



2.5 Landmark and propensity-score matching

Thirty-day mortality amounted to 3/11 E-OHS (27%) and 25/814 controls (3.1%), as described elsewhere (13). These patients were excluded, defining a conditional cohort of 8 E-OHS and 789 controls alive at day 30. Propensity scores estimating the likelihood of E-OHS were calculated via multivariable logistic regression encompassing age, sex, body mass index, EuroSCORE II, left-ventricular ejection fraction (LVEF), chronic kidney disease (estimated glomerular filtration rate (eGFR) < 60mL/min/1.73 m2), NYHA class III–IV, access route, and valve type. One E-OHS survivor was matched with up to ten controls using nearest-neighbor, caliper 0.2 SD of the logit. Covariate balance was judged adequate when the standardized mean difference (SMD) <0.1 for all variables.



2.6 Study endpoints

Primary endpoint: all-cause mortality from landmark (day 31) to 1 year. Secondary endpoints: composite of death, mitral regurgitation (MR) ≥moderate (grade 2) or valve reintervention, heart failure rehospitalization; new permanent pacemaker (PPM), stroke or transient ischemic attack (TIA), and acute kidney injury (AKI) ≥ KDIGO stage 1.



2.7 Statistical analysis

Continuous variables were presented as mean ± SD or median (interquartile range (IQR)) and compared with paired Student's t or Wilcoxon signed-rank tests. Categorical variables were counts (percentage) analyzed using McNemar or Bowker symmetry tests. Kaplan–Meier estimators described time-to-event distributions; differences were assessed with log-rank tests. Hazard ratios (HRs) with 95% confidence intervals (CIs) were derived from univariable Cox models. Proportional hazards assumption was confirmed via Schoenfeld residuals. Missing data (<3%) were imputed using expectation maximization algorithms. Analyses were executed in R 4.3.2 (MatchIt, survival, survminer); p < 0.05 denoted significance.




3 Results


3.1 Procedural characteristics and early outcomes

Of the 825 procedures, 814 (98.7%) were completed without surgical escalation and 11 (1.3%) required E-OHS. All E-OHS patients were treated for life-threatening complications: ventricular free wall perforation in seven patients (64%), acute left main coronary occlusion after valve release in two patients (18%), valve embolization with retrograde aortic dissection in one (9%), and mitro-aortic continuity disruption in one (9%). The median time from complication recognition to skin incision was 12 min (IQR: 9–16) and the total skin-to-CPB initiation was 14 min (IQR: 10–18). The mean cardiopulmonary bypass time in the E-OHS patients was 62 ± 18 min, and an aortic cross-clamp was required in three patients (27%). Thirty-day outcomes are detailed in Table 1: early mortality 3/11 (27%) in E-OHS vs. 25/814 (3.1%) in controls (p < 0.001) and prolonged ventilation >24 h 55% vs. 6% (p < 0.001).



TABLE 1 Early 30-day outcomes (Entire Cohort).



	Outcome
	E-OHS (n = 11)
	Non-E-OHS (n = 814)
	p-value





	Mortality 30 days
	27% (3)
	3.1% (25)
	<0.001



	Major bleeding
	82% (9)
	10% (79)
	<0.001



	Prolonged ventilation >24 h
	55% (6)
	6% (49)
	<0.001



	Stroke/TIA
	0%
	1.2% (10)
	0.64



	AKI ≥ Stage 1
	45% (5)
	8% (65)
	<0.001









3.2 Conditional cohort construction and baseline balance

After exclusion of early deaths (30 days), the landmark cohort consisted of 8 E-OHS survivors and 789 non-E-OHS survivors. Propensity score distribution demonstrated good overlap. The final 1:10 match yielded 8 E-OHS and 80 controls with negligible residual imbalance: age 78.6 ± 5.95 vs. 78.4 ± 4.7 years; EuroSCORE II 6.9 ± 2.0% vs. 6.7% ± 2.2% (SMD 0.04). Echocardiographic parameters such as baseline LVEF (50% ± 7% vs. 52% ± 6%) and aortic valve area (0.68 ± 0.15 cm2 both) were likewise comparable (Table 2).



TABLE 2 Baseline characteristics after propensity matching (n = 77).



	Variable
	E-OHS (n = 8)
	Matched controls (n = 80)
	SMD





	Age (years)
	78.6 ± 5.95
	78.4 ± 4.7
	0.04



	Female
	43%
	46%
	0.06



	EuroSCORE II (%)
	6.9 ± 2.0
	6.7 ± 2.2
	0.04



	LVEF (%)
	50 ± 7
	52 ± 6
	0.03



	CKD (eGFR < 60)
	29%
	30%
	0.02



	NYHA III–IV
	57%
	54%
	0.06









3.3 Primary outcome: conditional 1-year survival

During 339 patient months of conditional follow-up, no E-OHS survivor died, whereas two control patients succumbed to their disease conditions—one died of septic shock 7 months’ post-TAVI, and the other died of progressive heart failure at 11 months. The Kaplan–Meier curve (Figure 1) displays near-complete overlap; the absolute risk difference at 12 months was −2.9% (95% CI: −9.3% to 3.5%). Log-rank p = 0.64; HR for death E-OHS vs. controls 0.33 (95% CI: 0.02–5.64).


[image: Kaplan-Meier survival curve showing survival probability over time after the TAVI procedure, starting from day 31. The graph compares two groups: EOHS with eight participants (yellow line) and Control with 80 participants (orange line). Both groups maintain high survival probabilities, with slight declines in the Control group as time progresses.]
FIGURE 1
Survival probability: the Kaplan–Meier curve displays a near-complete overlap; the absolute risk difference at 12 months was −2.9% (95% CI: −9.3% to 3.5%). Log-rank p = 0.64; HR for death E-OHS vs. controls 0.33 (95% CI: 0.02–5.64).




3.4 Secondary clinical endpoints

Heart failure rehospitalization occurred in one E-OHS patient (12.5%, day 176 post procedure, responsive to diuretics) and in nine matched controls (11.2%, p = 0.94). Permanent pacemaker implantation spanning between 30 days and 1 year was required in one E-OHS patient (new complete AV block at 3 months) vs. eight controls (9.6%, p = 0.81). Stroke/TIA was rare: none in E-OHS patients and one TIA in controls. In E-OHS patients, there was no acute kidney injury ≥ stage 1, but this condition developed in 6 controls (7.2%; p = 0.34).

The composite endpoint of death, MR ≥ grade 2 or valve reintervention occurred in 1 E-OHS patient (12.5%)—a moderate paravalvular leak managed conservatively at 9 months—and in 11 controls (13.6%) (p = 0.88) (Table 3).



TABLE 3 Conditional 30 days → 1-year clinical outcomes (matched cohort).



	Endpoint
	E-OHS (n = 8)
	Controls (n = 80)
	p-value





	All-cause death
	0%
	2.5% (2)
	0.64



	Composite death/MR ≥ 2/reintervention
	12.5% (1)
	13.6% (11)
	0.88



	Heart failure (HF) rehospitalization
	12.5% (1)
	11.2% (9)
	0.94



	Permanent pacemaker
	12.5% (1)
	9.6% (8)
	0.81



	Stroke/TIA
	0%
	1.2% (1)
	1.00



	AKI ≥ stage 1
	0%
	7.2% (6)
	0.34









3.5 Echocardiographic evolution

Mean-indexed aortic valve gradient at 12 months was 12 ± 4 mmHg in both groups. Paravalvular leak at follow-up was graded none/trace in 71%, mild in 14%, and moderate in 14% (1 case) among E-OHS vs. none/trace 68%, mild 29%, and moderate 3%, among controls (p = 0.29). No cases of structural valve deterioration or valve thrombosis were detected.



3.6 Predictors of conditional mortality in the entire landmark cohort (n = 796)

A univariable Cox analysis identified EuroSCORE II > 8% (HR: 2.7; 95% CI: 1.1–6.7; p = 0.04) and LVEF < 40% (HR: 3.4; 95% CI: 1.3–8.5; p = 0.02) as significant predictors. Neither E-OHS status (HR: 0.9; p = 0.89) nor access route, valve type, baseline NYHA class, or chronic kidney disease (CKD) reached statistical significance. Interaction testing showed no modification of the E-OHS effect across EuroSCORE strata (p-interaction = 0.71).




4 Discussion

Our landmark propensity-matched analysis provides novel insights into the mid-term prognosis of patients undergoing emergent surgical bailout during TAVI. Three principal findings merit emphasis.


	1.Successful bailout abolishes excess conditional risk. Despite a perioperative mortality rivaling major cardiac surgery, E-OHS survivors displayed 1-year survival identical to matched uncomplicated TAVI recipients. This pattern mirrors the concept of “hazard phase separation” described in SAVR cohorts, where early operative deaths are distinct from late attrition governed by comorbidity rather than procedure. Clinically, it means that devastated hemodynamics and extended CPB do not impose sustained biological damage if the patient crosses the 30-day threshold. Notably, durability signals such as the absence of structural valve deterioration or thrombosis among E-OHS survivors support the notion that the prosthetic environment remains stable even after bailout surgery.

	2.Institutional preparedness is pivotal. All E-OHS events occurred with a complete rescue team on standby, yielding a skin-to-bypass time of approximately 14 min—inside the 20 min threshold associated with survival in experimental models (14). Emerging data show that centers without an on-site rescue team rely on delayed transfer, a scenario incompatible with the time-critical nature of annular rupture or coronary occlusion (15). Our findings reinforce ESC 2021 recommendations requiring immediate surgical availability for structural heart interventions (15). Cost-effectiveness analyses suggest that preventing a single E-OHS death offsets the incremental expense of maintaining surgical standby in high-volume centers (16), thereby strengthening the health economics argument for integrated programs.

	3.Propensity-matched landmark methodology clarifies outcomes. Prior registry publications aggregated early deaths with late survivors, inevitably portraying E-OHS as a marker of poor long-term prognosis (17). By isolating the conditional cohort, we separated procedure-related lethality from patient-related natural history, revealing equivalence—a message crucial for informed consent and the mental wellbeing of rescued patients.




4.1 Comparison with the literature and emerging technologies

Pineda et al. analyzed the cases of 47,546 TAVI patients in the STS/ACC TVT registry: The E-OHS incidence rate was 1.2% with 50% 30-day mortality but lacked conditional follow-up (8). Li et al. reported 35% 30-day mortality rate and 45% 2-year survival rate among 20 E-OHS patient cases without matching (9).

Verolino et al. (19) analyzed 17,473 patients, demonstrating an incidence of major intraprocedural complications during TAVI procedures managed with E-OHS of approximately 1.3%, and they found that the urgent need for E-OHS was burdened by relevant procedural deaths (over 20% in the first 48 h and 50% within 12 months).

Our study, leveraging contemporary devices, hybrid workflows, and rigorous matching, provides the first evidence of conditional equivalence. Moreover, modern procedural refinements—cusp-overlap fluoroscopy to minimize perforation risk, commissural alignment to facilitate coronary reaccess, and AI-driven CT segmentation to predict annular rupture—may further reduce E-OHS incidence or improve salvage. Incorporating such variables into future risk-prediction models could refine preprocedural planning and patient selection.



4.2 Implications for decentralization and volume–outcome relationship

Advocates for expanding TAVI to centers without a complete rescue team argue that technological maturity renders bailout obsolete. Our data contradict this narrative: although rare, E-OHS remains a deadly event unless managed immediately, and survivors enjoy normalized prognosis only when salvaged promptly. Volume–outcome studies corroborate that high-volume centers deliver lower E-OHS rates and superior bailout success (18). Policymakers should consider mandating minimum procedural volumes and on-site surgical capability before accrediting new TAVI programs.



4.3 Future directions

Prospective registry harmonization with core-laboratory imaging and biorepository linkage could elucidate mechanisms underlying late valve performance in E-OHS patients. Machine learning algorithms integrating hemodynamic waveform analysis and intraoperative imaging may provide early warning of catastrophic complications, allowing preemptive mitigation. Randomized trials of cerebral embolic protection and rapid ECMO deployment in high-risk anatomies are warranted. Finally, patient-reported outcome measures (PROMs) focused on anxiety and quality-of-life post bailout would capture the often overlooked psychosocial dimension.




5 Limitations

A retrospective design with a modest E-OHS sample size limited multivariable modeling in this study. Matching could not account for unmeasured confounders (e.g., frailty phenotype). Echocardiography lacked core-laboratory adjudication; however, interobserver variability was moderated by shared training. Finally, the results reflected high-volume centers and they may not be generalized to low-volume hospitals lacking surgical infrastructure.



6 Conclusions

Thirty-day survivors of E-OHS during TAVI demonstrate 1-year survival, valve durability, and clinical outcomes indistinguishable from propensity-matched uncomplicated TAVI controls. Efficient surgical bailout therefore neutralizes the 1-year impact of catastrophic intraprocedural complications. Ensuring immediate availability of cardiac surgery and perfusion support remains essential to modern TAVI programs.
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