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‘ W) Check for updates‘

Evolving paradigms in cardiovascular interventions: from procedural
innovation to patient-centred outcomes
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ABSTRACT

Over the past two decades, cardiovascular interventions have undergone major transformation,
extending indications while improving safety and efficiency. The focus has progressively shifted
from procedural feasibility towards complications, durability, and patient-centred outcomes. This
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editorial integrates recent data across transcatheter aortic valve implantation (TAVI), coronary
interventions, and aortic diseases. Procedural simplification, personalised strategies, and improved
mechanistic understanding are reshaping clinical practice and supporting a more integrated

approach to cardiovascular care.

Cardiovascular medicine is progressively moving away
from a purely procedural vision towards a more inte-
grated model of care. Diagnostic strategies, complica-
tion profiles, and economic considerations are
increasingly interrelated and must be considered
together when guiding clinical decisions [1-3]. This is
particularly relevant in coronary artery disease, where
the continuum from acute to chronic presentations
requires a flexible and individualised approach [4].

In this evolving landscape, transcatheter aortic valve
implantation (TAVI) has become a central therapeutic
option for severe aortic stenosis (AS). Initially reserved
for inoperable or high-risk patients, it is now widely
used across all risk categories [5-7]. Beyond clinical
efficacy, cost-effectiveness analyses have confirmed its
sustainability in modern healthcare systems [8]. Over
time, procedural outcomes have improved, reflecting
both technological advances and growing operator
experience [9].

As TAVI expands, new challenges emerge. Valve-in-
valve procedures now represent a practical solution for
degenerated surgical bioprostheses, with consistent
improvements in valve performance despite early
hemodynamic differences between balloon-expandable
valves (BEVs) and self-expandable valves (SEVs) [10].
However, long-term durability remains a critical issue.
Although bioprosthetic valve degeneration (BVD) is
relatively infrequent, its association with adverse

outcomes highlights the importance of careful proce-
dural planning and follow-up (Figure 1) [11].

At the same time, procedural simplification has sig-
nificantly altered clinical practice. The minimalist
approach, based on local anaesthesia and early mobil-
isation, has reduced hospital stay and resource utilisa-
tion without compromising safety [12]. This evolution
parallels a broader temporal trend, with a shift towards
lower-risk patients and improved short- and mid-term
outcomes over time [13]. Changes in post-procedural
management, including haemostatic balance, have
also been shown to influence outcomes [14].

Despite these advances, complications remain part
of routine practice. Cerebrovascular events, although
uncommon, have a major prognostic impact, particu-
larly when occurring early after the procedure [15].
Preventive strategies such as embolic protection
devices have been proposed, but their precise role
remains to be clarified [16]. In parallel, conduction dis-
turbances and pacemaker implantation continue to be
important considerations following valve replacement
procedures [17].

Beyond clinical endpoints, there is growing interest
in understanding the physiological consequences of
TAVI. The abrupt relief of left ventricular outflow
obstruction induces systemic and microvascular adap-
tations. Observations from retinal circulation studies
suggest a transient autoregulatory response, followed
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Figure 1. Cumulative incidence of bioprosthetic valve degeneration (class Il and Il combined) over time 12 accounting for the
competing risk of death. BVD: bioprosthetic valve degeneration; CIF: cumulative incidence function (from reference [11]).

Figure 2. Transcaval TAVI in a patient with abdominal aortic aneurysm. (A) Preprocedural CT showing the infrarenal aneurysm and
the relationship between the aorta (Ao) and inferior vena cava (IVC). (B) Fluoroscopic guidance with overlay for transcaval crossing
and device advancement. (C) Closure of the caval-aortic tract with an Amplatzer Duct Occluder (arrow). (D) Final angiography

demonstrating adequate sealing and satisfactory valve result (from reference [30]).



by a return to baseline as systemic regulatory mecha-
nisms prevail [18,19]. These findings provide a useful
framework for interpreting broader vascular responses.

The scientific landscape reflects this evolution.
Recent analyses highlight a shift from feasibility stud-
ies towards a greater focus on complications, frailty,
and multimorbidity [20]. At the same time, advances
in imaging and modelling techniques are enabling
more precise procedural planning. In aortic disease, for
example, 3D printing-guided interventions have
demonstrated improved perioperative outcomes and
more favourable vascular remodelling [21]. Experimental
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work further supports the role of matrix degradation
pathways, particularly involving metalloproteinases, in
aortic wall fragility [22].

Optimisation of peri-procedural strategies is also
progressing. In aortic dissection, platelet transfusion
strategies appear to influence survival, suggesting the
need for more individualised management [23]. In
advanced heart failure, risk stratification tools such as
the LEVO-D score may help identify patients most
likely to benefit from intermittent levosimendan ther-
apy [24]. Similarly, in mitral valve prolapse, disease
progression seems to reflect the interaction of multiple

Figure 3. Multimodality imaging of a coronary-pulmonary artery fistula (CPAF) with giant aneurysm: (A, B) echocardiography
showing CPAF with giant coronary artery aneurysm (CAA) and high-velocity shunt to the pulmonary artery. (C) Computed tomog-
raphy angiography (CTA) showing aneurysm with thrombus. (D, E) 3D volume rendering CTA showing compression of the left
coronary artery and main pulmonary artery (MPA). (F) Coronary angiography confirming CPAF with giant CAA. (G) Intraoperative
view. (H, 1) Histopathology showing medial degeneration with thrombosis. LAD: left anterior descending; RCA: right coronary

artery (from reference [30]).
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structural parameters rather than a single determi-
nant [25].

Coronary artery disease continues to illustrate the
heterogeneity of cardiovascular pathology. Early-onset
myocardial infarction is often driven by metabolic fac-
tors such as dyslipidaemia, whereas later presentations
reflect a broader burden of comorbidities [26]. Residual
cardiovascular risk remains an important issue, with
lipoprotein(a) increasingly recognised as a contributor
to repeat revascularisation after percutaneous coronary
intervention [27]. Economic considerations and diag-
nostic strategies further contribute to the complexity
of decision-making in this setting [3,28].

Finally, innovation in interventional cardiology con-
tinues to evolve. Drug-coated balloons, within the con-
cept of ‘leaving nothing behind, offer an attractive
alternative in selected coronary bifurcation lesions.
Available evidence supports improved angiographic
outcomes and favours hybrid strategies combining
drug-eluting stents and balloons [29].

In this issue of Acta Cardiologica, some focus images
highlighting interesting cases have also been reported
(Figures 2 and 3) [30-34].
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