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Editor's page

The primary and essential objective of a scientific publication is  
to disseminate knowledge and serve as a forum for researchers to 
communicate their studies. Alongside original research, however, 
scientific journals also publish other content with a more formative 
aim, such as reviews, consensus documents or recommendations 
from scientific societies, and case reports of particular interest.

Regardless of its quality, all journal content requires exposure and 
visibility to reach interested readers anywhere in the world. There-
fore indexing in publicly accessible databases is critical for journals 
to achieve their basic mission. Among all such databases, the most 
relevant one in the field of biomedical publishing is PubMed. 
Developed by the US National Library of Medicine and the National 
Institutes of Health, PubMed is a free, open-access repository 
containing millions of bibliographic references and abstracts of 
biomedical research articles. The presence of a biomedical journal 
in PubMed increases its visibility and dissemination, acting as a 
showcase for researchers and health professionals worldwide.

Over its 7 years of publication, REC: Interventional Cardiology has 
achieved several important indexations. Nonetheless, our authors 
often expressed disappointment at not seeing their articles included 
in PubMed (figure 1). This limitation may even have discouraged 
some researchers from submitting their manuscripts since not being 
indexed in PubMed undoubtedly reduces the likelihood of citation 
and, consequently, limits the impact factor attainable.

Indexing in PubMed is a highly demanding process that requires a 
journal to be established for several years, undergo rigorous external 
evaluation of content quality, and pass a technical review.

As our readers already know, in 2025, REC: Interventional Cardiology 
was included in PubMed Central. As a result, the full text of all 
articles published in the journal since 2024 is now accessible 
through this repository (figure 1). 

Achieving a positive outcome in the final evaluation phase required 
intense work by both the editorial office and editorial team. However, 
without question, it was the authors of our content who made this 
achievement possible, along with the reviewers who helped improve 

the submitted manuscripts. We also owe much to the successive 
executive boards of the Interventional Cardiology Association of 
the Spanish Society of Cardiology (ACI-SEC) over the past 8 years, 
who have given us independence and unconditional support, as 
well as to the institutions that generously fund this collective 
project. Of course, none of this would be possible without being 
part of the REC Publications journal family, supported and endorsed 
by the SEC.

Indexation in PubMed Central has major implications for a biomed-
ical journal, such as a) recognition and prestige; b) greater visibility 
and dissemination; c) increased credibility; d) improved editorial 
quality; and e) academic and scientific impact.

Articles published in our journal now have the visibility they 
deserve and can be easily retrieved in bibliographic searches and 
cited by researchers publishing in other journals. All these advances 
will progressively enhance the scientific and editorial impact of 
REC: Interventional Cardiology. Notably, just before the preparation 
of this Editor’s page, the latest edition of the Journal Citation Reports1 
was released. REC: Interventional Cardiology successfully maintained 
its impact factor—an especially commendable achievement, consid-
ering that the reporting period preceded the journal’s inclusion in 
PubMed Central.

REC Interv Cardiol. 2025;7(4):195-201
https://doi.org/10.24875/RECICE.M25000541

Figure 1. Timeline of the various indexations of REC: Interventional Cardiology.

mailto:recpublications%40secardiologia.es?subject=
http://x.com/RevEspCardiol
https://bsky.app/profile/revespcardiol.bsky.social
http://crossmark.crossref.org/dialog/?doi=10.24875/RECICE.M25000541&domain=pdf
https://doi.org/10.24875/RECICE.M25000541
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It is gratifying to note that many of our readers and authors already 
cite the work published in this journal, which undoubtedly increases 
its visibility and impact. We hope that, with the seal of quality 
provided by PubMed, this will occur with increasing frequency.

AN ONGOING PROCESS 

Although the journal may seem to present an image of stability, 
many actions, changes, and innovations must be implemented to 
ensure that the complex editorial process becomes increasingly 
efficient and of higher quality. Over the past year, as in every year 
of its trajectory, we have pursued continuous improvement through 
multiple initiatives. It would take several pages to list all the 
changes introduced. Many have been aimed at ensuring more 
rigorous scientific review of manuscripts and requiring that meth-
odology be described in detail. Others have affected translation 
tasks, since the journal’s bilingual nature demands double scrutiny 
of content and style. The additional checks implemented in 2023 
to ensure strict review of the English version, in our effort to align 
with the standard set by Revista Española de Cardiología, are now 
bearing fruit. Other measures have sought to facilitate manuscript 
submission for authors or streamline the work of the editorial team, 
all with the aim of making the review process faster and more 
effective.

We must acknowledge with gratitude that the strict review by the 
PubMed Central technical team suggested some of these changes 
as conditions for final acceptance. But there is no room for compla-
cency. The journal must continue to move forward, striving for 
improvement and pursuing excellence, which invariably lies just a 
few steps ahead.

EDITORIAL ACTIVITY

The content published since the launch of the journal is shown in 
figure 2, which illustrates that the number of articles per volume 
has declined somewhat in recent years, primarily due to the discon-
tinuation, beginning in 2024, of case reports (which had been 
counted as 3 units: Presentation, How would I approach it?, and 
Resolution) and the publication in some issues of 2 scientific letters 
instead of 3, depending on availability.

In the past year, quarterly issues have included original articles, 
reviews, scientific letters, images, debates, editorial comments, and 
occasionally consensus documents promoted by the ACI-SEC, as 
well as the abstracts of communications presented at its annual 
congress. Since 2024, the journal has been published exclusively in 

digital format, with the print edition being discontinued for reasons 
of cost and sustainability.

The following section summarizes statistical data by article type. 
For 2025, the figures refer only to the first half of the year, as these 
were the data available at the time of drafting this report.

Original articles

The publication of high-quality original articles is the primary 
objective of a scientific journal. To safeguard quality, the journal 
must receive more manuscripts than are needed to fill its issues. 
Only then is it possible to exercise true selectivity and publish the 
highest-quality papers.

Figure 3 illustrates that the number of original articles received has 
increased, with stability in 2023–2024 and a marked upward trend 
in 2025, when the first semester alone already accounted for 72% 
of submissions received in the entire previous year.

English is by far the predominant language of submission for orig-
inal articles (figure 4), reflecting in part the growing international 
interest in our journal, now further reinforced by PubMed Central 
indexation. Original articles are received from a wide range of 
countries, notably Portugal, Mexico, Egypt, China, and India. The 
number of English-language articles submitted from Spain is also 
increasing, which may indicate that national authors are increas-
ingly choosing to submit to REC: Interventional Cardiology manu-
scripts that were initially intended for other international 
journals.

Figure 2. Total content published, 2019-2024.

Figure 3. Trends in submissions of original articles. 
* Data up to 30 June 2025.

*
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Beyond the quality of published content, the speed of editorial 
decisions is a key value of any scientific journal. In this regard, we 
can be very satisfied with our editorial turnaround time (figure 5), 
which remains competitive with that of other leading journals.

As we do every year—and with even greater motivation now that 
we are indexed in PubMed Central—we invite the interventional 
cardiology community to submit their research articles to our 
journal.

Scientific letters

Scientific letters are essentially original studies presented in a 
shorter format or short case report series of particular interest. 
Although figure 6 illustrates that 2023 was highly productive, 
submission volume fell markedly in 2024. This reduction largely 
reflects the journal’s policy change 2 years ago, when isolated cases 
were no longer accepted in this format. We are confident that the 
2025 submission volume will exceed that of the previous year. We 
believe this format remains highly attractive, also serving as an 
alternative for original articles that do not meet the threshold for 
full publication but are nonetheless of interest.

Images in cardiology

Interventional cardiology is an image-based specialty, and this type 
of content is highly popular. Indeed, the excessive backlog of 
images awaiting inclusion in an issue led us to temporarily suspend 

submissions during 2023–2024, reactivating them in June 2024 
(figure 7). Although many cases yield compelling images and such 
manuscripts are relatively straightforward to prepare, only a small 
proportion can be accepted for publication because of editorial 
space constraints.

Content transferred from Revista Española de Cardiología

Revista Española de Cardiología is an internationally recognized, 
high–impact journal with a high rejection rate. Moreover, as a 
general cardiology journal, it can devote only a limited proportion 
of its content to interventional cardiology. For this reason, it is 
relatively common for original articles and other types of manu-
scripts to be offered the option to be transferred to REC: Interven-
tional Cardiology (figure 8).

Nevertheless, when transfer is offered from a higher-impact to a 
lower-impact journal, there is always the possibility that authors 
may decline, as reflected in the number of articles ultimately 
transferred (figure 8). We are confident that inclusion in PubMed 
Central and consolidation of our impact factor will make this option 
increasingly attractive to authors.

Special content

As the official journal of the ACI-SEC, REC: Interventional Cardiology 
also publishes review articles, position and consensus documents 
from the association, sometimes in collaboration with others. Figure 9 
features 3 special articles, each addressing highly relevant aspects 
of our field.2-4 Later in this editorial, in the section on dissemina-
tion, we devote particular attention to the document on radiation 
exposure in pregnant professionals.3

Figure 5. Mean days to reach a final decision on original articles. Bars 
indicate mean decision time; the grey line indicates the volume of articles 
decided on each year. 
* Data up to 30 June 2025.
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Figure 4. Language of original articles received. 
* Data up to 30 June 2025.
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Figure 6. Trends in submissions of scientific letters. 
* Data up to 30 June 2025.
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Figure 7. Trends in submissions of images in cardiology. 
* Data up to 30 June 2025.
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In issue 3 of our journal, as is now customary, we published the 
abstracts presented at the 2025 ACI-SEC congress, held in Santiago 
de Compostela (Galicia, Spain). The abstracts were released online 
a few days before the congress.5 We are confident that many of 
them will evolve into high-quality original articles. We, therefore, 
take this opportunity to encourage authors to submit their work to 
the journal as original articles or scientific letters.

REVIEWERS: AN INVALUABLE CONTRIBUTION

In every Editor’s page we have published, we have highlighted the 
work of our reviewers. Peer review is indispensable in scientific 
journals and is largely responsible for their rigor and quality.

Manuscript review is performed anonymously, selflessly, and altru-
istically, requiring reviewers to devote valuable time that could 
otherwise be directed to other professional or personal activities.

We are pleased to note that invitations to review for our journal 
are seldom declined—a particularly meaningful fact given the large 
number of requests our reviewers receive from other cardiovas-
cular journals. Moreover, reviewers not only tend to accept these 
invitations but also complete their evaluations within short time 
frames, enabling us to provide authors with prompt feedback 
(figure 5 and figure 10).

Although review times have consistently remained within an 
optimal range throughout the journal’s history, there has been some 
increase in the past 2 years. We observed this trend last year as 
well, attributing it in part to reviewer overload. The number of 
cardiovascular journals has increased substantially, often with 
shorter publication intervals, and it is likely that we have depended 
too heavily on the same group of reviewers. For this reason, it is 
essential to add new reviewers and combine different profiles in 
the evaluation of each manuscript.

Table 1 lists all reviewers who completed reviews from 1 July 2024 
through 30 June 2025. Table 2 identifies those designated elite 
reviewers in 2024, based on the number, timeliness, and quality of 
their reviews.

In addition to the slight increase in review times, figure 10 illus-
trates a modest rise in editorial management times. Our goal is to 

Figure 8. Transfer proposals of original articles rejected at Revista Española 
de Cardiología and proposals accepted in the same period. 
* Data up to 30 June 2025.

*

Figure 9. Selected special content published in 2024-2025.2-4
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implement measures to control, and if possible, shorten, response 
times, particularly in anticipation of a potential increase in submis-
sions following PubMed Central indexation.

DISSEMINATION

Each Editor’s page must also highlight the awards for the best 
original articles published in REC: Interventional Cardiology. As in 
previous years, the awards were presented at the ACI-SEC Annual 
Congress, which on this occasion held its 36th edition in Santiago 
de Compostela (Galicia, Spain). The total award of €2500 (€1500 
for first prize and €1000 for second) was granted to the article by 
Real et al.6 on reperfusion therapies in pulmonary embolism and 
to the article by Sádaba Sagredo et al.7 comparing different intra-
coronary pressure indices (figure 11).

For the REC: Interventional Cardiology website, most users access it 
from Spain, followed by the United States, Mexico, Germany, and 
Argentina. Access occurs primarily through keyword searches 
within the field (70%) and, to a lesser extent, through direct 
searches for the journal (20%).

At the time of writing this Editor’s page, the most widely read 
publications in the past 12 months include the thematic review 
“The role of implant projection in optimizing transcatheter aortic 
valve implantation” by Álvarez-Velasco et al.,8 and original articles 
“Safety and efficacy of the Essential Pro paclitaxel drug-coated 
balloon for the treatment of in-stent restenosis” by Padilla et al,9 
and “Prognosis of patients with supranormal ejection fraction 
undergoing percutaneous aortic valve replacement” by Martínez 
Gómez et al.10

Among special articles, the consensus document “Occupational 
exposure to ionizing radiation in pregnant staff”3—produced by 5 
scientific societies—deserves special attention. This document has 
significant impact given the growing proportion of women in 
Spanish interventional cardiology, one of the highest worldwide. 

Many professionals encounter pregnancy during their careers, 
which poses challenges to maintaining their professional activity. 
It is essential that they make informed, autonomous decisions 
regarding their work during this period. This document provides 
guidance to support that process.

On social media, the platform X continues to drive the most traffic 
(3.65% of total) and user engagement, with more than 22 700 
followers.11 

Furthermore, REC Publications opened a profile this year on 
BlueSky,12 and we encourage readers active on this emerging plat-
form to follow us there using our usual hashtag: #recintervcardiol.

It is important to emphasize that dissemination is a shared respon-
sibility. Broader dissemination benefits everyone by attracting 
higher-quality articles, increasing citations, and enhancing the 
journal’s editorial impact.

Figure 10. Mean review times in 2024 (A) and within the first half of 2025 (B), 
overall and for original articles. 
* Data up to 30 June 2025.

*

Table 1. Reviewers of REC: Interventional Cardiology who completed reviews 
from 1 July 2024 through 30 June 2025

César Abelleira 
Juan H. Alonso-Briales
Ignacio Amat 
Xavier Armario
Eduardo Arroyo
Lluis Asmarats
Pablo Avanzas
Fernando Ballesteros
Salvatore Brugaletta
Santiago Camacho 
Berenice Caneiro
Pilar Carrillo
Xavier Carrillo 
Almudena Castro
Belén Cid
Félix Coserria
Ignacio Cruz
Javier Cuesta
David del Val
Raquel del Valle 
José F. Díaz
Alejandro Diego-Nieto
Mauro Echavarría
Agustín Fernández-Cisnal
Ignacio Ferreira
José L. Ferreiro 
Xavier Freixa
Guillermo Galeote
Sergio García-Blas
Tamara García-Camarero
Bruno García del Blanco
Carmen Garrote 
Livia Gheorghe
Josep Gómez-Lara
Antonio E. Gómez-Menchero
Rafael González-Manzanares
Nieves Gonzalo
Ariana Gonzálvez-García
Enrique Gutiérrez-Ibañes
Felipe Hernández
Rosa A. Hernández-Antolín

Francisco Hidalgo
Pilar Jiménez-Quevedo
Santiago Jiménez-Valero
Alfonso Jurado
María López-Benito
María T. López-Lluva
José R. López-Mínguez
Ramón López-Palop
Íñigo Lozano
Gerard Martí
Javier Martín-Moreiras
Hernán Mejía
Dolores Mesa
Guillem Muntané
Jorge Palazuelos
Manuel Pan
Isaac Pascual
Eduardo Pinar
Ander Regueiro
Borja Rivero 
Fernando Rivero
Oriol Rodríguez
Tania Rodríguez-Gabella
Sandra Rosillo
Fernando Rueda 
Juan M. Ruiz-Nodar
Eva Rumiz
José Ramón Rumoroso
Manel Sabaté
Pablo Salinas
Neus Salvatella
Ángel Sánchez-Recalde
Juan Sanchis
Ricardo Sanz-Ruiz
Jorge Sanz-Sánchez
Fernando Sarnago 
Helena Tizón-Marcos
Ramiro Trillo 
Beatriz Vaquerizo
María E. Vázquez-Álvarez
José M. Vázquez-Rodríguez

Table 2. Elite reviewers in 2024

Tamara García-Camarero
Felipe Hernández
Pilar Jiménez-Quevedo

Alfonso Jurado
Ramón López-Palop
Ángel Sánchez-Recalde

Any type

Any type

Mean reviewer time (109 reviews, 66 originals)

Mean reviewer time (85 reviews, 49 originals)

Originals

Originals
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Editorial

Over the past 5 years, tricuspid valve has decisively entered the 
interventional spotlight. Driven by the growing recognition of the 
morbidity and mortality associated with tricuspid regurgitation (TR) 
across all severity grades, coupled with the limitations of both 
surgical and medical management, the field has been actively 
exploring less invasive, catheter-based solutions. To date, 2 tran-
scatheter tricuspid valve edge-to-edge repair systems (PASCAL, 
Edwards Lifesciences, United States, and TriClip, Abbott, United 
States), have received both the CE mark and the approval from the 
U.S. Food and Drug Administration (FDA) for the treatment of 
patients with severe, symptomatic TR. Meanwhile, the TricValve 
system (P&F Products & Features, Austria), remains as the only 
CE-and FDA-approved transcatheter heterotopic device.

Despite recent advances, improvements in all-cause mortality and 
heart failure-related hospitalization have not been consistently 
demonstrated. Instead, the clearest benefit of transcatheter tricuspid 
procedures has been amelioration of health status and functional 
class. This has driven a paradigm shift in therapeutic goals from 
classic endpoints such as survival to a more patient-centered focus 
on quality-of-life metrics and patient-reported outcomes. One 
potential explanation for the limited impact on mortality is that 
current repair-based transcatheter therapies often leave behind 
residual TR. Persistent moderate or greater TR has been associated 
with worse clinical outcomes,1 underscoring the need for more 
definitive solutions. 

Transcatheter tricuspid valve replacement (TTVR) has the potential 
to completely abolish TR, representing a promising alternative for 
patients with complex anatomies unsuitable for edge-to-edge repair, 
including patients with baseline massive or torrential TR, severe 
leaflet tethering, large coaptation gaps or pacemaker-induced leaflet 
impingement. Among available TTVR devices,2 the EVOQUE 
system (Edwards Lifesciences, United States) became the world’s 
first dedicated transcatheter valve replacement device to receive 
regulatory approval (CE mark in 2023) for broader commercial use 
beyond clinical trials. The EVOQUE system features a self-ex-
panding nitinol frame with bovine pericardial leaflets and an 
intra-annular sealing skirt, which is delivered through a 28-Fr 
transfemoral system with 3 planes of motion for precise positioning. 
The valve has a unique mechanism that uses the annulus, leaflets, 

and chords for stable, non-traumatic fixation through 9 ventricular 
anchors. It is currently available in 4 sizes (44 mm, 48 mm, 52 mm, 
and 56 mm) covering annular diameters from 37 mm to 58 mm and 
perimeters of up to 169 mm.

Two pivotal trials have demonstrated the technical feasibility and 
safety of the EVOQUE system, with substantial TR reduction and 
favorable short-term clinical outcomes as a standalone therapy 
(TRISCEND) or in combination with optimal medical therapy 
(TRISCEND II).3 However, randomized clinical trials are not always 
representative of real-world practice. Observational data from 
non-trial settings are, therefore, essential to complement and 
contextualize findings from randomized clinical trials.

In a recent article published in REC: Interventional Cardiology, Pardo 
Sanz et al.4 share their experience with the orthotopic EVOQUE 
valve implantation in a series of 10 consecutive patients, with 
outcomes assessed at 30 days. The mean age of the population (77 
years) with high prevalence of comorbidities (including atrial fibril-
lation and 40% pacemaker prevalence) and symptom burden (all 
had New York Heart Association [NYHA] class ≥ 2 or recurrent 
hospitalizations) illustrate the frail and complex nature of this 
population, which mirrors that of the TRISCEND II trial and 
followed similar exclusion criteria (severely depressed right ventric-
ular [RV] systolic function, unsuitable anatomies, life expectancy 
< 12 months). All patients had been considered ineligible for 
repair-based therapies due to complex tricuspid anatomy. Just a few 
years ago, these patients were often considered to have no treat-
ment options.

The authors reported a 100% procedural success rate, a median 
procedural time of approximately 2 hours, consistent reduction of 
TR to mild or less in all cases, absence of major paravalvular leaks, 
and no in-hospital mortality. These results are highly encouraging 
and confirm the technical reproducibility of the EVOQUE system 
across centers and operators outside high-volume trial sites. Still, 
this procedure is resource-intensive, logistically complex, and 
requires multidisciplinary coordination, advanced peri-procedural 
imaging and available backup for cardiac surgery and emergent 
pacemaker implantation capabilities. In this series, 2 patients expe-
rienced transient RV failure, a severe complication. Abrupt 
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elimination of torrential TR unequivocally leads to an acute rise in 
RV afterload. The RV, adapted to unloading into a low-pressure 
circuit, must suddenly adapt to a now-competent valve, an adjust-
ment that some ventricles, particularly those with borderline or 
“pseudo-normalized” function, may not tolerate acutely. This 
scenario is similar to the afterload mismatch phenomenon in left-
sided valve interventions. Additionally, one must consider the 
mechanical interaction between the prosthetic valve and the RV 
natural motion, which may further impair longitudinal function, 
the main determinant of RV systolic performance. Although 
managed successfully with inotropic support, these cases under-
score the need for an exquisite RV assessment during pre-proce-
dural planning. Future studies may benefit from integrating hemo-
dynamic, load-independent data derived from pressure-volume 
loops along with multimodality imaging to more accurately charac-
terize the RV and identify patients at risk of post-procedural 
decompensation.

Another relevant concern after TTVR is the risk of conduction 
disturbances.2 One patient developed complete atrioventricular 
block, requiring permanent pacing. This was a patient with pre-ex-
isting right bundle branch block, a known predictor for the need 
of pacemaker implantation in other percutaneous transcatheter 
valve therapies. The anatomic proximity of the EVOQUE anchors 
to the conduction system, coupled with baseline conduction abnor-
malities, likely triggered this outcome. Optimal pacing strategies 
post-TTVR remain undefined, whether via transvalvular leads, 
coronary sinus pacing, leadless systems, or surgical epicardial leads. 
While technical refinements may eventually mitigate this risk, for 
now, comprehensive pre-implantation rhythm evaluation and 
prolonged postoperative telemetry monitoring are recommended. 

Two patients were diagnosed with prosthetic valve thrombosis at 
the 1-month follow-up computed tomography despite adequate 
anticoagulation. Neither had symptoms or elevated transprosthetic 
gradients, raising, perhaps, the differential diagnosis of hypoatten-
uated leaflet thickening. This subclinical phenomenon has already 
been reported in up to 32% of cases in contemporary series.5 Since 
transvalvular gradients remained low, it is unclear whether these 
subclinical thrombi would impact long-term valve durability or lead 
to embolic events. Nonetheless, the implications are significant. 
Should routine post-procedural computed tomography be 
performed? And what is the optimal antithrombotic regimen? In 
TRISCEND trials, oral anticoagulation (aiming International 
Normalized Ratio [INR] of 2.5-3.5) with adjuvant aspirin was recom-
mend to all patients for the initial 6 months. This intensive anti-
thrombotic regime may have explained, in part, the notable rate of 
severe bleeding events registered.3 In contrast, the present cohort 
remained on previous anticoagulation strategies without antiplatelet 
therapy. As with transcatheter aortic valve replacement, we may 
need to rethink antithrombotic protocols specifically for the 
low-flow, low-pressure tricuspid bioprostheses —potentially 
balancing bleeding risks in an elderly population with thrombotic 
complications that may go unnoticed without advanced imaging. 

Finally, a rare but instructive complication was reported, a case of 
severe functional mitral regurgitation occurring 5 days after the 
EVOQUE valve implantation, which resolved with diuretic and 
inodilator therapy. The mechanism may relate to the acute preload 
normalization after TR elimination and increase in forward stroke 
volume, which unmasked or exacerbated the preexisting mitral 
regurgitation.6 Once again, intra and postoperative re-evaluation of 
coexisting valvular lesions is mandatory.

While the technical success and hemodynamic outcomes are 
commendable, the absence of formal assessment of quality-of-life 
and patient-reported outcomes is a limitation. In the TRISCEND II 

trial, improvements in Kansas City Cardiomyopathy Questionnaire 
(KCCQ) scores and NYHA class were key indicators of clinical 
benefit. Even when hard endpoints remain unchanged, post-proce-
dure functional improvement (symptoms, activities of daily living, 
and independence) stands as a critical measure of clinical value, 
particularly in a patient population where survival may not reflect 
therapeutic success. 

As TTVR moves from innovation to integration, 3 priorities emerge:

1.	 Long-term durability. What will the 5- and 10-year perfor-
mance of the EVOQUE valve look like in terms of structural 
integrity, thrombotic risk, and reintervention rates?

2.	 Patient selection. Can we identify robust predictors (clinical, 
imaging or biomarker-based) to guide the choice between 
tricuspid valve repair and replacement?

3.	 Broader applicability. A 17% treatment rejection rate based on 
feasibility assessments was reported in the study, implying 
that there are still patients who are ineligible for this therapy. 
In fact, a 74% screening failure rate was documented in the 
first real-world TTVR registry.7 Besides, should we scale this 
therapy beyond high-volume centers? 

The tricuspid landscape is evolving rapidly. The study by Pardo 
Sanz et al.4 exemplifies what is achievable when technological 
innovation meets clinical pragmatism. The EVOQUE valve stands 
at the frontier of transcatheter therapy, offering a lifeline to patients 
who previously had none. Yet, success demands meticulous patient 
selection, expert execution, and extended surveillance to guarantee 
long-term results. As we refine the art and science of tricuspid 
interventions, real-world experiences such as this one will remain 
essential to optimizing clinical practice and extending the evidence 
of novel transcatheter therapies.
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Editorial

Over the past decade, the number of patients with severe aortic 
stenosis treated with transcatheter aortic valve implantation (TAVI) 
has increased. This rise is attributed to advancements in device 
technology, which have led to long-term survival comparable to 
surgical replacement and lower complication rates, including para-
valvular leak and need for pacemaker implantation. Consequently, 
TAVI is now indicated for patients with not only intermedi-
ate-to-high risk, but also low risk.1,2

Although pre-TAVI assessment using traditional surgical risk scores, 
such as EuroSCORE II and STS-PROM, is useful to categorize 
patients into low, intermediate, or high risk for this procedure, the 
latest clinical practice guidelines3 recommend a comprehensive 
assessment, based on clinical and functional measures of the 
patients, to determine their frailty, and using validated scales to 
exclude the clinical cardiologist’s subjectivity during consulta-
tion.4  This is of paramount importance because frail patients 
account for 30% of TAVI cases, and it is well known that frailty 
acts as an independent predictor of mortality and complications 
after TAVI. However, a patient being categorized as frail does not 
automatically mean that TAVI will be futile; rather, it indicates that 
additional measures, beyond alleviating valvular heart disease, 
should be implemented to improve the patient’s quality of life and 
survival.5

In an article published in REC: Interventional Cardiology, Bernal- 
Labrador et al.6 describe the design of a randomized, multicenter 
clinical trial on the post-TAVI management of patients ≥ 75 years 
with severe aortic stenosis considered frail (frailty defined as scores 
< 10 on the SPPB scale and ≥ 3 on the FRAIL scale). The interven-
tion group will receive follow-up video calls made by specialized 
health care personnel, after discharge and then biweekly, until 
completing a 90-days follow-up. These telematics visits will address 
3 key areas: a) physical exercise (patients and their families will 
receive instruction on physical activity guidelines tailored to the 
post-valve replacement recovery period and the older adult’s toler-
ance); b) nutritional support (oral hypercaloric and hyperproteic 
supplements will be administered for 3 months after TAVI, to be 
taken after physical activity); and c) health education (adherence to 
implemented measures will be assessed weekly, doubts clarified to 
optimize treatment adherence, and instructions provided on hygien-
ic-dietary measures for better cardiovascular risk factor control). 

The objective is to determine frailty reversal at 3 months, the rate 
of readmissions, and the rate of cardiovascular events (nonfatal 
myocardial infarction, stroke, or need for revascularization), cardiac 
death, and all-cause mortality at the 3-month and 1-year follow-ups.

This design is novel due to its prospective nature and randomization 
of patients to the described intervention group or to a control group 
with follow-up based on the routine clinical practice. As Stamate 
et al.7 conclude in a literature review, the inclusion of patients in 
cardiac rehabilitation programs after TAVI is considered safe, even 
in elderly patients with multiple comorbidities. The studies consid-
ered in this review include training programs, patient education, 
and psychological support, which have been implemented in both 
hospital and outpatient settings. However, current evidence is 
limited. Many existing studies have small sample sizes (< 100 
patients) and are primarily prospective cohorts. They usually eval-
uate functional capacity parameters, such as the 6-minute walk test, 
limb movement improvement, or peak oxygen consumption, rather 
than hard endpoints such as those assessed by Bernal-Labrador et al.6 
An exception is the study by Butter et al.,8 a prospective cohort of 
more than 1000 patients, which reported a lower 6-month mortality 
rate in patients involved in cardiac rehabilitation programs after 
valve replacement.

Protein supplementation as a strategy to improve the physical 
condition of frail patients has proven effective. However, there is 
no consensus with clear recommendation guidelines, which do exist 
in other areas of cardiac rehabilitation, such as heart failure.9 The 
PERFORM-TAVR10  study, which has already completed its inclu-
sion phase, is the first to assess the synergy of a physical exercise 
program and external protein intake in frail elderly individuals 
treated with TAVI to improve frailty indices and quality of life. 
With a sample size of 200 patients calculated to achieve the primary 
endpoint of improving physical condition at 3 months, it seems 
insufficient to answer how to improve hard morbidity and mortality 
outcomes in this clearly increasing population.

Apart from the physical-nutritional approach to the patient, the 
study by Bernal-Labrador et al.6 is innovative for resorting to new 
technologies. The use of telemedicine for monitoring patients with 
heart disease is limited to experiences of isolated research groups. 
Yun et al.11 describe a monitoring program for patients with heart 
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failure and varying degrees of frailty, in which telematic moni-
toring, compared with routine clinical follow-up in outpatient 
clinics, reduced the hospitalization rate for heart failure decompen-
sation. Telematic monitoring supervised by trained personnel, as 
proposed in the TELE-FRAIL TAVI trial (NCT06742970),6 allows 
for addressing alarming signs, optimizing treatment, and educating 
on hygienic-dietary measures with better results than conventional 
outpatient visits.

Although in TAVI, telemedicine experience is very limited, it is 
promising as well. A study by Wong et al.12 that implemented a 
transitional care program showed that telephone follow-ups 3 days 
and 30 days after TAVI discharge performed by highly qualified 
nursing staff effectively identified and managed problems, such as 
heart failure decompensations, medication titration, and symptoms 
of anxiety or depression, thus reducing the risk of readmission in 
frail patients. On the other hand, the study by Herrero-Brocal et al.13 
was the first to integrate artificial intelligence into the close moni-
toring of patients after valve implantation. Compared with the 
conventional hospitalization group after TAVI (> 48 h), the very 
early (< 24 h) and early (24-48 h) discharge groups with telematic 
monitoring did not show statistically significant differences in the 
primary endpoint (a composite of death, pacemaker implantation, 
heart failure admission, stroke, myocardial infarction, major 
vascular complications, or major bleeding 30 days after TAVI). 
These studies have shown that the addition of new technologies 
supervised by trained personnel represents an improvement in 
patient care, as they educate both patients and their families, allow 
for faster contact in case of doubt, optimizing their care and treat-
ment, decreasing readmission rates, and reducing health care 
costs.11-13

In conclusion, frailty is a critical factor in the evaluation and 
management of patients treated with TAVI. Interventions targeting 
frailty, such as exercise and nutrition programs, show promising 
results for improving postoperative outcomes. The implementation 
of new technologies to optimize pharmacological treatment, alle-
viate anxiety, and adapt lifestyle is mandatory to improve the 
long-term outcomes of these patients, beyond any advances made 
in the implantation technique.

FUNDING

None declared.

CONFLICTS OF INTEREST 

None declared.

REFERENCES

	 1.	Popma JJ, Deeb GM, Yakubov SJ, et al.; Evolut Low Risk Trial Investigators. 
Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in 
Low-Risk Patients. N Engl J Med. 2019;380:1706-1715. 

	 2. 	Mack MJ, Leon MB, Thourani VH, et al.; PARTNER 3 Investigators. Tran-
scatheter Aortic-Valve Replacement in Low-Risk Patients at Five Years. N 
Engl J Med. 2023;389:1949-1960.

	 3. 	Vahanian A, Beyersdorf F, Praz F, et al.; ESC/EACTS Scientific Document 
Group. 2021 ESC/EACTS Guidelines for the management of valvular heart 
disease. Eur Heart J. 2022;43:561-632.

	 4. 	Afilalo J, Lauck S, Kim DH, et al. Frailty in Older Adults Undergoing 
Aortic  Valve Replacement: The FRAILTY-AVR Study. J Am Coll Cardiol. 
2017;70:689-700. 

	 5. 	Anand A, Harley C, Visvanathan A, et al. The relationship between preop-
erative frailty and outcomes following transcatheter aortic valve implanta-
tion: a systematic review and meta-analysis. Eur Heart J Qual Care Clin 
Outcomes. 2017;3:123-132.

	 6. 	Bernal-Labrador E, Romaguera R, García-Blas S, et al. Telematic intervention 
on frailty in patients undergoing TAVI. Design of the TELE-FRAIL TAVI clinical 
trial. REC Interv Cardiol. 2025;7:223-228.

	 7. 	Stamate TC, Adam CA, Gavril RS, et al. Cardiac Rehabilitation in TAVI Patients: 
Safety and Benefits: A Narrative Review. Medicina (Kaunas). 2025;61:648.

	 8. 	Butter C, Groß J, Haase-Fielitz A, et al. Impact of Rehabilitation on 
Outcomes after TAVI: A Preliminary Study. J Clin Med. 2018;7:326. 

	 9. 	Ambrosetti M, Abreu A, Corrà U, et al. Secondary prevention through 
comprehensive cardiovascular rehabilitation: From knowledge to imple-
mentation. 2020 update. A position paper from the Secondary Prevention 
and Rehabilitation Section of the European Association of Preventive 
Cardiology. Eur J Prev Cardiol. 2021;28:460-495. 

	 10. 	Fountotos R, Lauck S, Piazza N, et al. Protein and Exercise to Reverse 
Frailty in Older Men and Women Undergoing Transcatheter Aortic Valve 
Replacement: Design of the PERFORM-TAVR Trial. Can J Cardiol. 2024;40: 
267-274. 

	 11. 	Yun S, Enjuanes C, Calero-Molina E, et al. Effectiveness of telemedicine 
in patients with heart failure according to frailty phenotypes: Insights from 
the iCOR randomised controlled trial. Eur J Intern Med. 2022;96:49-59. 

	 12. 	Wong S, Montoya L, Quinlan B. Transitional care post TAVI: A pilot initia-
tive focused on bridging gaps and improving outcomes. Geriatr Nurs. 2018; 
39:548-553.

	 13. 	Herrero-Brocal M, Samper R, Riquelme J, et al. Early discharge programme 
after transcatheter aortic valve implantation based on close follow-up 
supported by telemonitoring using artificial intelligence: the TeleTAVI 
study. Eur Heart J Digit Health. 2024;6:73-81.



* Corresponding author.
E-mail address: asrecalde@hotmail.com (A. Sánchez-Recalde).

 @ASanchezRecalde @AnaPardo213

Received 12 March 2025. Accepted 6 May 2025. Online 18 June 2025. 
2604-7322 / © 2025 Sociedad Española de Cardiología. Published by Permanyer Publications. This is an open access journal under the CC BY-NC-ND 4.0 license.

Original article

Case series of transcatheter tricuspid EVOQUE valve 
implantation in Spain: clinical experience and early 
outcomes
Ana Pardo Sanz,a,b Luisa Salido Tahoces,a,b Ana García Martín,a,b Ariana González Gómez,a,b  
Luis Manuel Domínguez Rodríguez,a,b José Alfredo Salinas Casanova,a  
Covadonga Fernández-Golfín Lobán,a,b José Luis Zamorano Gómez,a,b,c and Ángel Sánchez-Recaldea,b,*
a Servicio de Cardiología, Hospital Universitario Ramón y Cajal, Madrid, Spain 
b Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS), Madrid, Spain 
c Centro de Investigación Biomédica en Red de Enfermedades Cardiovasculares (CIBERCV), Instituto de Salud Carlos III, Madrid, Spain

SEE RELATED CONTENT:
https://doi.org/10.24875/RECICE.M25000531

ABSTRACT

Introduction and objectives: Transcatheter treatment for tricuspid regurgitation (TR) has grown exponentially in recent years. The 
Edwards EVOQUE system (Edwards Lifesciences, United States), which obtained CE marking in 2023, is a transcatheter tricuspid 
valve designed to address severe cases of TR that are not amenable to repair using other transcatheter techniques. This study 
presents the initial experience at our center with the implantation of the EVOQUE tricuspid valve in 10 patients with symptomatic 
TR. Our objective was to analyze the initial clinical and 30-day imaging follow-up.
Methods: We conducted a prospective, single-center observational study. A total of 10 patients with severe TR who underwent 
EVOQUE tricuspid valve implantation were included. The 30-day early outcomes were evaluated using clinical parameters and 
echocardiographic findings. We assessed the reduction of TR, right ventricular function, and potential postoperative complications.
Results: Ten patients with symptomatic severe TR were included. The median follow-up was 80 days, and the patients’ mean age, 
77.2 years. The mean TRISCORE was 4.6, and the mean EuroSCORE II, 3.9%. Pacemaker dependance was observed in 40% of 
patients. The rate of procedural success was 100% according to the Tricuspid Valve Academic Research Consortium criteria. The 
maximum transprosthetic gradient was 4.8 mmHg. Significant complications included 1 case of severe mitral regurgitation following 
implantation, 1 complete atrioventricular block, 2 transient right ventricular failures, and 2 prosthetic valve thromboses. The median 
length of stay was 7 days.
Conclusions: The early outcomes of the EVOQUE tricuspid valve implantation are promising, with significant TR reduction and 
few complications. Further studies are needed to confirm the safety and efficacy profile of the device in the routine clinical 
practice.

REC Interv Cardiol. 2025;7(4):206-212
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Keywords: Tricuspid regurgitation. EVOQUE tricuspid valve. Transcatheter implantation. Right ventricular failure. Atrioventricular block. 
Prosthetic valve thrombosis.

Serie de casos de implante de prótesis percutánea tricúspide EVOQUE  
en España: experiencia clínica y resultados iniciales

RESUMEN

Introducción y objetivos: El tratamiento percutáneo de la insuficiencia tricuspídea (IT) ha supuesto una revolución en el abordaje 
de estos pacientes en los últimos años. El sistema EVOQUE (Edwards Lifesciences, EE.UU.), que obtuvo el marcado CE 2023, es 
una prótesis tricúspide percutánea diseñada para tratar casos de IT grave que no son reparables mediante otras técnicas percutáneas. 
Este trabajo presenta la experiencia inicial en nuestro centro con el implante de prótesis EVOQUE en 10 pacientes con IT sinto-
mática. Nuestro objetivo fue analizar el seguimiento inicial a 30 días, clínico y por imagen.
Métodos: Estudio observacional prospectivo unicéntrico. Se incluyeron 10 pacientes seleccionados con IT grave a los que se implantó 
una prótesis EVOQUE. La evolución clínica inicial se evaluó mediante parámetros clínicos y ecocardiográficos a los 30 días. Se 
valoraron la reducción de la IT, la función ventricular derecha y las posibles complicaciones posoperatorias.
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INTRODUCTION

Severe tricuspid regurgitation (TR) is associated with a poor prog-
nosis.1 Although the optimal timing for an isolated tricuspid valve 
procedure remains uncertain, in the late stages of the disease 
natural progression, patients already exhibit signs of right heart 
failure and respond poorly to diuretic treatment.2 In these advanced 
stages, any intervention may be futile.

Initial treatment involves diuretic drugs, with surgery being 
reserved only for selected cases. Furthermore, surgical outcomes 
are still modest, with high mortality rates associated with isolated 
tricuspid valve procedures.3 In this context, the European Society 
of Cardiology clinical practice guidelines on the management of 
cardiovascular diseases suggest that transcatheter techniques might 
play a role in the TR of selected patients.4

In recent years, there has been an exponential growth in transcatheter 
treatments for TR. The most widespread tricuspid repair techniques 
are percutaneous edge-to-edge repair and annuloplasty.5,6 In patients 
with complex tricuspid anatomies and those in more advanced stages 
of the disease, characterized by a severely dilated tricuspid annulus 
and large coaptation gaps, edge-to-edge repair and annuloplasty offer 
suboptimal results.7 For these patients, the alternative could be orthot-
opic transcatheter tricuspid valve replacement.

The EVOQUE transcatheter tricuspid valve replacement system 
(Edwards Lifesciences, United States) obtained the CE marking in 
2023. The first implantation results of an EVOQUE tricuspid valve 
in Spain have recently been published.8

We present the first Spanish series of patients with severe symp-
tomatic TR undergoing transcatheter implantation of the EVOQUE 
valve in the tricuspid position. The objective is to communicate our 
initial experience in terms of TR reduction, short-term follow-up, 
and postoperative complications, and provide scientific evidence on 
this innovative technology.

METHODS

We conducted a prospective, single-center observational study 
including 10 consecutive patients who underwent EVOQUE valve 
implantation to treat their symptomatic TR. Echocardiographic 
parameters and the 30-day clinical outcomes were evaluated. 

Transthoracic echocardiography was performed before discharge, 
and a follow-up computed tomography (CT) was performed 1 
month following the procedure.

Patients had, at least, severe TR, quantified according to the Hahn 
and Zamorano classification:7 0, absent or minimal; 1, mild; 2, 
moderate; 3, severe; 4, massive; and 5, torrential. All patients 
showed signs or symptoms of TR or had been hospitalized for heart 
failure despite optimal medical therapy. In addition, all were 
eligible for valve replacement with the EVOQUE system. The 
indication for the intervention was established by the heart team, 
in full compliance with the European Society of Cardiology clinical 
practice guidelines on the management of valvular heart disease.4

Patients with severely depressed right ventricular systolic function, 
with anatomies that prevented correct device placement, and those 
with a life expectancies < 12 months were excluded. CT images 
were analyzed as part of the screening process by the operators and 
the Edwards EVOQUE team.

Preoperative analysis

Preoperative CT was performed to assess the feasibility of valve 
implantation. The patients’ treatment rejection rate was 17%.

The EVOQUE valve

The EVOQUE valve is a self-expanding nitinol tri-leaflet bovine 
pericardial valve with an anchoring system that can extend between 
the chordae tendineae of the subvalvular apparatus to capture the 
free edge of the native tricuspid leaflets (septal, anterior, and poste-
rior) with an intra-annular skirt. The 28-Fr delivery system outer 
diameter has been designed for transfemoral venous access, and 
includes a primary flexion handle, a secondary flexion handle, and 
a depth handle to facilitate alignment and positioning of the device 
inside the native valve. There are 3 sizes are available, with outer 
diameters of 44 mm, 48 mm, 52 mm, and 56 mm.9

Implantation procedure

The procedure is monitored with fluoroscopy and intraoperative 
transesophageal echocardiography, relying heavily on live 3D 

Abbreviations

AVB: atrioventricular block. CT: computed tomography. TR: tricuspid regurgitation.

Resultados: Se incluyeron 10 pacientes con IT grave sintomática. La mediana de seguimiento fue de 80 días y la edad media de 
los pacientes fue de 77,2 años; TRISCORE medio 4,6; EuroSCORE II medio 3,9%. Un 40% de los pacientes eran portadores de 
marcapasos. El éxito del procedimiento fue del 100% según los criterios del Tricuspid Valve Academic Research Consortium. Se produjo 
una reducción marcada de la IT en todos los casos, quedando IT leve o mínima tras el procedimiento. El gradiente transprotésico 
medio fue de 2,5 mmHg. Como complicaciones destacaron 1 caso de insuficiencia mitral grave posimplante, 1 bloqueo auriculo-
ventricular completo, 2 fallos ventriculares derechos transitorios y 2 trombosis de prótesis. La mediana de estancia hospitalaria 
fue de 7 días. 
Conclusiones: El implante de prótesis tricúspide EVOQUE ofrece resultados iniciales prometedores, con una reducción práctica-
mente completa de la IT y pocas complicaciones. Son necesarios más estudios para confirmar la seguridad y eficacia del dispositivo 
en la práctica clínica.

Palabras clave: Insuficiencia tricuspídea. Prótesis EVOQUE. Implante percutáneo. Fallo ventricular derecho. Bloqueo auriculoventricular. 
Trombosis de prótesis.
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imaging to ensure correct valve position and trajectory. A pre-shaped 
support guidewire (Safari type, Boston Scientific, United States) is 
placed inside a deflectable sheath (9-14-Fr) in the right ventricle, 
across the tricuspid annulus. The device is advanced through the 
delivery catheter and positioned across the tricuspid annulus, 
where it is deployed from the ventricular side, while placing the 
anchors underneath the tricuspid leaflets and above the papillary 
muscles. Since, at this point, the delivery system is still recaptur-
able, a comprehensive assessment of anatomy and position can be 
performed. During device deployment, the 9 anchors are identified, 
ensuring that the leaflets are above them in systole and the papil-
lary muscle heads are below.

Afterwards, leaflet “capture” occurs, which is monitored by 3D 
transesophageal echocardiography, while making the necessary 
trajectory and height adjustments. Continuous retraction of the 
system results in shortening of the valve ventricular portion. After 
confirming satisfactory leaflet capture, the valve ventricular portion 
is fully expanded, and the valve atrial portion is released from the 
system. Minimal changes in device position upon release may be 
due to further device shortening, tension release, and anchor 
coupling with annular tissue. After releasing the valve, the device 
stability, residual central and paravalvular regurgitation, valve 
orifice area, diastolic gradients, and hemodynamics are all confirmed 
by echocardiography and fluoroscopy.

Regarding antithrombotic regimen, the established protocol was to 
maintain the patient’s pre-existing anticoagulation (all patients 
except for 1 had an indication for chronic anticoagulation), without 
antiplatelet therapy. The only patient without baseline anticoagu-
lation received acetylsalicylic acid.

Statistical analysis

Statistical analysis for descriptive studies was performed using 
Student’s t-test for mean comparison. The Wilcoxon signed-rank 
test was used for TR comparison before the procedure and after 
EVOQUE valve implantation. SPSS version 22.0 was used for the 
analysis.

Ethical aspects

The study protocol fully complies with the principles set forth in 
the Declaration of Helsinki and was approved by the hospital local 
ethics committee.

RESULTS

The patients’ baseline clinical characteristics are shown in table 1. 
Their mean age was 77.2 years, and 60% were women (n = 6). The 
severity of TR was categorized as severe in 30% of cases, massive 
in 30%, and torrential in 40%. The patients’ mean TRISCORE score 
was 4.6, indicating low-to-moderate risk. According to the 4A clas-
sification10 (asthenia, anorexia, ascites, and edema), most patients 
fell within the A1 and A3 categories. Regarding baseline rhythm, 
80% of patients were in atrial fibrillation. One patient had a pre-ex-
isting right bundle branch block and developed complete atrioven-
tricular block (AVB) after valve implantation, requiring permanent 
pacemaker implantation in the coronary sinus. A total of 40% of 
the patients were pacemaker carriers, which added complexity  
to the procedures, while 30% had previous hospitalizations for right 
heart failure symptoms. The mean B-type natriuretic peptide value 
of the patients was 221 pg/mL.

Right heart catheterization for baseline pressure measurement was 
performed in 70% of the patients. Significant pulmonary hypertension 

was present in 5 of the 7 patients who underwent the procedure 
(71%). Pulmonary hypertension was post-capillary in all cases, with 
elevated pulmonary capillary wedge pressure.

The baseline echocardiography categorized the TR as severe, 
massive, or torrential in all patients, based on standard severity 
parameters. Regarding the assessment of right ventricular function, 
the usual estimation difficulties were observed, and tricuspid 
annular plane systolic excursion, right ventricular strain, and ejec-
tion fraction by 3D echocardiography were evaluated. Information 
is shown in table 1. No baseline cardiac magnetic resonance imaging 
was performed.

Requiring no transseptal puncture, the implantation procedure is 
performed under general anesthesia with transesophageal echocar-
diography guidance. The median duration of the procedures was 
129.5 minutes. Figure 1 illustrates different moments of the 
intervention.

Results, in terms of TR reduction, were excellent in all patients, 
with residual TR being at most mild and without paravalvular leaks 
(figure 2). The rate of procedural success was 100% according to 
the Tricuspid Valve Academic Research Consortium criteria.11 
Transprosthetic gradient was 4.8 mmHg in the worst-case scenario, 
with a mean transtricuspid gradient in the 10 patients of 2.5 mmHg.

Early (30-day) complications after the intervention are shown in 
table 2. As notable complications and data, patient #1 exhibited 
severe functional mitral regurgitation 5 days after the EVOQUE 
valve implantation in the tricuspid position (previously had mild-
to-moderate functional mitral regurgitation), which resolved by 
returning to baseline after the administration of levosimendan and 
IV diuretic treatment. Patient #3 (with a pre-existing right bundle 
branch block) developed complete AVB 3 days after the procedure, 
requiring implantation of a single-chamber pacemaker with a lead 
in the coronary sinus, which turned out to be uneventful. Patients 
#3 and #4 both exhibited transient right ventricular failure requiring 
dobutamine and close monitoring, and both resolved with optimal 
medical therapy within a few days. The CT scan of patient #8 
performed 1 month after discharge revealed the presence of pros-
thetic valve thrombosis as confirmed by transesophageal echocar-
diography (figure 3); this complication was not present on the 
pre-discharge echocardiography. Prosthetic valve thrombosis was 
also detected in patient #10 on the follow-up CT 1 month after the 
procedure, also confirmed by echocardiography. In the 2 cases, 
thrombosis was asymptomatic, and both patients remain on unfrac-
tionated heparin.

DISCUSSION

The initial experience in Spain with the transcatheter implantation 
of the EVOQUE tricuspid valve shows excellent results in terms of 
TR reduction, well beyond the transcatheter treatments available 
so far for tricuspid valve repair. However, it is important to compare 
these data with those of the TRISCEND12 and TRISCEND II13 
clinical trials. The former12 analyzed 176 patients with, at least, 
moderate TR treated with the EVOQUE valve. Significant and 
sustained TR reduction, increased cardiac output, and improved 
survival were reported, with low readmission rates and clinical and 
quality of life improvement. More recently, the results of the 
TRISCEND II trial13,14 have been published on 392 patients random-
ized to receive the EVOQUE valve plus optimal medical therapy or 
optimal medical therapy alone. TR reduction was notable in all 
cases. In our series, the clinical outcomes of all patients were mild 
or less residual TR following implantation, without significant 
paravalvular leaks. Similarly, the TRISCEND II study13 also showed 
a significant and sustained TR reduction, indicating that the 
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Table 1. Baseline clinical characteristics of the patients (n = 10)

Characteristic Characteristic

Age, years 77.7 ± 6.8 GGT (IU/L) 201.9 ± 159.7

Female sex 6 (60.0%) Alkaline phosphatase (IU/L) 163.1 ± 84.3

Hypertension 7 (70.0%) BNP (pg/mL) 221.0 ± 239.0

Dyslipidemia 2 (20.0%) Echocardiogram

Diabetes mellitus 2 (20.0%) Tricuspid regurgitation severity

Peripheral arterial disease 0 (0.0%) Severe (grade III) 3 (30.0%)

Dialysis 1 (10.0%) Massive (grade IV) 3 (30.0%)

Atrial fibrillation 8 (80.0%) Torrential (grade V) 4 (40.0%)

Previous myocardial infarction 2 (20.0%) Etiology

Previous valvular surgery 5 (50.0%) Functional, atrial 4 (40.0%)

Pacemaker 4 (40.0%) Functional, ventricular 4 (40.0%)

Right bundle branch block 1 (10.0%) Rheumatic 1 (10.0%)

Left bundle branch block 0 (0.0%) Valve prolapse 1 (10.0%)

STS score (%; mortality for mitral valve replacement) 7.7 ± 5.7 RV ejection fraction determined by 3D echocardiography (%) 49.0 ± 7.1

EuroSCORE-II (%) 3.9 ± 2.3 RV longitudinal strain −19.8 ± 6.6

TRISCORE (points) 4.6 ± 2.2 TAPSE (mm) 19.7 ± 4.4

4A classification 1.7 ± 1.2 Vena contracta area (cm²) 9.0 ± 0.9

Previous hospitalizations for right heart failure 3 (30.0%) 3D tricuspid ERO area (cm²) 0.86 ± 0.4

Physical examination Right heart catheterization

NYHA functional class II 9 (90.0%) Systolic pulmonary artery pressure (mmHg) 41.7 ± 10.5

NYHA functional class III 1 (10.0%) Mean pulmonary artery pressure (mmHg) 27.1 ± 6.0

Edema 9 (90.0%) Pulmonary capillary wedge pressure (mmHg) 18.4 ± 6.0

Ascites 3 (30.0%) Right atrial pressure (mmHg) 17.9 ± 6.7

Treatment RV end-diastolic pressure (mmHg) 13.0 ± 5.8

Furosemide 8 (80.0%) Pulmonary vascular resistance (WU) 2.2 ± 0.7

Furosemide dose (mg) 55.0 ± 20.7 Procedural data

Mineralocorticoid receptor antagonist 6 (60.0%) 44 mm valve 2 (20.0%)

Mineralocorticoid receptor antagonist dose (mg) 45.8 ± 29.2 48 mm valve 3 (30.0%)

Lab test results 52 mm valve 5 (50.0%)

Creatinine (mg/dL) 1.6 ± 1.7 None or trivial residual TR 7 (70.0%)

eGFR (mL/min/m²) 52.0 ± 19.5 Mild residual TR 3 (30.0%)

Hemoglobin (mg/dL) 13.3 ± 1.7 At least moderate residual TR 0 (0.0%)

AST (IU/L) 29.8 ± 5.5 Prosthetic gradient after implantation 2.6 ± 1.1

ALT (IU/L) 20.5 ± 5.4 Procedural time (min) 130 ± 31.5

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNP, B-type natriuretic peptide; 3D, three-dimensional; eGFR, estimated glomerular filtration rate; ERO, effective 
regurgitant orifice; GGT, gamma-glutamyltransferase; NYHA, New York Heart Association; RV, right ventricle; STS, Society of Thoracic Surgeons; TAPSE, tricuspid annular plane 
systolic excursion; TR, tricuspid regurgitation.
Quantitative data are expressed as mean ± standard deviation, and qualitative data as n (%).
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EVOQUE valve is effective. Regarding valve-induced atrioventric-
ular conduction disturbances, in our series, 1 patient (10%) with 
pre-existing right bundle branch block developed complete AVB 
requiring the implantation of a single-chamber pacemaker with 
coronary sinus pacing. In the TRISCEND II study,13 17.4% of 
patients from the intervention group also required permanent 
pacing after implantation. This finding highlights the need for 
prolonged monitoring, as clear predictors of AVB development have 
not been identified. One patient from our series had severe mitral 
regurgitation after implantation, which resolved with levosimendan. 
This type of complication was not specifically reported in the 
TRISCEND II, suggesting that it may be a rare finding. Mitral 
regurgitation is a dynamic condition which depends on each 
patient’s hemodynamic status. The patient who presented it had 
moderate mitral regurgitation prior to the procedure. Patients with 
severe mitral regurgitation were excluded from the TRISCEND 
study.13

Comprehensive assessment of right ventricular function prior to 
implantation is essential. In our series, 2 patients (20%) presented 
transient right ventricular failure, which resolved with optimal medical 
therapy. Acute right ventricular failure is not specifically mentioned 
in the TRISCEND II trial,13 which excluded patients with pre-existing 
severe right ventricular failure and severe pulmonary hypertension.

Another relevant aspect is antithrombotic treatment after valve 
implantation. In our series, 1 patient presented EVOQUE valve 
thrombosis on the control CT performed 1 month after the proce-
dure; no thrombus was visualized on the pre-discharge echocardi-
ography, and the transprosthetic gradient was normal (2 mmHg). 
This patient was discharged on rivaroxaban 20 mg, which she was 
already on. The other patient with prosthetic valve thrombosis was 
on acenocoumarol due to a mechanical heart valve, with an INR 
(International Normalized Ratio) between 2.5 and 3.5. In the 2 
cases, anticoagulation therapy with low molecular weight heparin 
was prescribed. In the first case, thrombosis persisted on the trans-
esophageal echocardiography performed 1 week later; the second 
case is still pending follow-up echocardiography. Of note, the 
TRISCEND II study13 recommended anticoagulation with warfarin 
(INR, 2.5-3.5) or a different anticoagulant, and antiplatelet therapy 
with acetylsalicylic acid for 6 months. In our center, the protocol 
requires maintaining only the patient’s pre-existing anticoagulation 
(all of whom had an indication for chronic anticoagulation), without 
antiplatelet therapy. The only patient without baseline anticoagu-
lation received acetylsalicylic acid. On the other hand, in our 
center, the 2 cases of prosthetic valve thrombosis were diagnosed 
by CT, which was not performed following the TRISCEND II study 
protocol criteria13, meaning subclinical thrombosis could not be 
ruled out. Whether this has any relevance at the follow-up in terms 
of early valve degeneration is something that will have to be studied 
in the future. It is considered necessary to perform a CT in these 
patients undergoing novel transcatheter treatments to anatomically 
assess the results more accurately and rule out any complications 
that may go unnoticed with other imaging modalities.

The trade-off of antithrombotic treatment is an increased risk of 
bleeding. The TRISCEND II study13 reported a rate of major bleeding 

Figure 1. EVOQUE valve implantation (Edwards Lifesciences, United States). A: each anchor and its capture position with the leaflet can be assessed using 
3D echocardiography. B: optimal final results.

A B

0%

20%

40%

60%

80% 40.0%

30.0%

30.0%

70.0%

30.0%

0.0%

0.0%

100%

Baseline After implantation

Degree of tricuspid regurgitation

%
 o

f p
at

ie
nt

s

None/minimal Mild Moderate 
Severe Massive Torrential

Figure 2.  Near-complete reduction of tricuspid regurgitation (TR) after 
EVOQUE valve (Edwards Lifesciences, United States) implantation, immedia-
tely and at the follow-up. The Wilcoxon signed-rank test was performed for 
paired data (baseline vs post-implantation TR).
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Table 2. Early complications and initial progression

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10

Early 
complications

Hematuria
Severe mitral 
regurgitation

None Right 
ventricular 
failure

Right ventricular  
failure
Complete AV block

None None None None Prosthetic 
valve 
thrombosis

None

Treatment at discharge

Antithrombotic 
treatment

Acenocoumarol Acenocoumarol Edoxaban Acenocoumarol Aspirin Acenocoumarol Rivaroxaban Rivaroxaban Acenocoumarol Acenocoumarol

Furosemide (mg) 80 Patient on 
hemodialysis

80 40 0 160 40 40 40 40

Mineralocorticoid 
receptor 
antagonist (mg)

25 Patient on 
hemodialysis

25 0 0 25 25 25 25 50

Length of stay 
(days)

19 3 14 10 5 7 10 3 7 3

AV, atrioventricular.

of 15.4% in the intervention group; in our series, it was 10%, as only 
1 patient exhibited overt hematuria requiring transfusion, who was on 
acenocoumarol without antiplatelet therapy. Although the rate of major 
bleeding was slightly lower in our series than in the TRISCEND II 
study,13 we did have 1 case of prosthetic valve thrombosis. There-
fore, more evidence is needed to make solid recommendations on 
the antithrombotic regimen that optimizes the risk/benefit ratio.

Hemodynamic result after valve implantation was optimal in terms 
of TR reduction. In our series, the maximum transprosthetic gradient 
was 4.8 mmHg, which is consistent with the low values reported in 
the TRISCEND II,13 indicating adequate hemodynamic valvular 
function in the 2 cohorts, which supports the ability of the EVOQUE 
valve to provide efficient valvular performance with low flow resis-
tance. Of note, in the case of prosthetic valve thrombosis diagnosed 
by CT, the transtricuspid gradient by echocardiography was 2 
mmHg, which highlights the utility of CT in these patients’ initial 
follow-up, as subclinical thrombosis could otherwise go unnoticed.

The TRISCEND II trial13 observed a reduction in hospital readmis-
sion rates and an improvement in clinical parameters. Although 
quality of life was not directly measured in our series, the signifi-
cant reduction in TR suggests a relevant clinical benefit that could 
be reflected in future follow-ups.

CONCLUSIONS

EVOQUE valve implantation is effective in reducing TR and offers 
an acceptable safety profile in patients with severe TR. Careful 
patient selection and close monitoring are essential, particularly in 
those with pre-existing cardiac rhythm disturbances or compro-
mised right ventricular function. Further real-world studies are 
needed to confirm the long-term safety and efficacy profile of this 
valve.
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WHAT IS KNOWN ABOUT THE TOPIC?

–	 Significant tricuspid regurgitation (TR) is associated with 
high morbidity and mortality.

–	 Medical or surgical treatment options are not optimal, and 
TR surgery is high-risk, which has driven the development 
of transcatheter treatments.

–	 The Edwards EVOQUE valve system has demonstrated, in 
studies such as the TRISCEND and TRISCEND II, a signif-
icant and sustained reduction in TR, improving the 
patients’ cardiac function and quality of life.

–	 The most frequently reported complications are right 
ventricular failure, major bleeding, and the need for pace-
maker implantation

–	 The hemodynamic function of the EVOQUE valve has been 
shown to be adequate, with low transprosthetic gradients 
and minimal paravalvular leaks.

WHAT DOES THIS STUDY ADD?

–	 The clinical experience, at our center, with transcatheter 
implantation of the EVOQUE valve in 10 patients with, at 
least, severe symptomatic TR is presented, providing 
relevant real-world data on its safety and efficacy profile.

–	 A uniform reduction of TR to mild or less in all patients is 
demonstrated, with an adequate transprosthetic gradient 
and no significant paravalvular leaks.

–	 Notable complications include transient right ventric-
ular failure, development of complete atrioventricular 
block, bleeding, and the possibility of prosthetic valve 
thrombosis.

–	 Adjusting the antithrombotic regimen will be necessary 
after future studies with longer follow-up.

–	 The utility of computed tomography to rule out thrombosis 
and other early complications is highlighted.

–	 The need to continue accumulating real-world clinical 
practice data to confirm the safety and impact of the 
EVOQUE valve in different populations and contexts is 
emphasized.
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ABSTRACT

Introduction and objectives: Complete and secure venous access closure is essential at the end of large-bore catheter-based 
procedures. The aim of this study is to evaluate the safety and efficacy profile of a new simplified purse-string suture with 3-way 
stopcock to improve venous hemostasis in structural heart procedures (the SUTURE-3 study).
Methods: We conducted a multicenter, non-randomized and prospective study including all consecutive patients undergoing any 
interventional procedures with a ≥ 10-Fr femoral venous access in whom a simplified purse-string suture with 3-way stopcock for 
venous hemostasis was used. Exclusion criteria were < 10-Fr diameters or ipsilateral artery access. We evaluate the safety profile 
according to the Valve Academic Research Consortium-3 criteria, efficacy (correct hemostasis), a pain-score (visual analog scale 
[VAS]) and a clinical 1 month-follow up.
Results: A total 222 patients were included. Mean age was 73.6 ± 9.7 years (58%, men; 85%, hypertensive; 44%, diabetics; 91%, 
had a past medical history of atrial fibrillation). We found significantly high CHA2DS2-VA (4.1 ± 1.8) and HAS-BLED (3.5 ± 1.6) 
scores with a higher proportion of previous major bleeding (62%). A total of 54% of patients were on oral anticoagulation and 
25%/6% on single/dual antiplatelet therapy, respectively. The most common procedure was left atrial appendage closure (n = 154, 
69%) and mitral valve transcatheter edge-to-edge repair (n = 41, 18%). Mean diameter access was 15.6 ± 5-Fr; 91%, echo-guided; 
compression time, 4 ± 1.7 h; pain in VAS, 0.6 ± 1.5. Hemostasis was instantaneous with a 100% success rate, and only 2 minor 
bleeding events being reported (0.9%). No access complications (including infections) were recorded after discharge at the 1-month 
follow-up.
Conclusions: The simplified purse string suture with 3-way stopcock to improve venous hemostasis in structural heart procedures 
is a simple, inexpensive, safe and effective procedure.

REC Interv Cardiol. 2025;7(4):213-222
https://doi.org/10.24875/RECICE.M25000516

Keywords: Femoral vein closure. Large-bore venous sheath. Purse-string suture.

Sutura en jareta con llave de 3 pasos para hemostasia venosa femoral  
tras intervencionismo estructural: estudio SUTURE-3

RESUMEN

Introducción y objetivos: El cierre adecuado del acceso venoso es esencial tras procedimientos transcatéter de gran diámetro. El 
objetivo fue evaluar la seguridad y la eficacia de una nueva sutura en jareta simplificada con llave de paso de 3 vías para la 
hemostasia venosa en el intervencionismo cardiaco estructural (estudio SUTURE-3). 
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INTRODUCTION

In recent decades, structural heart and electrophysiology proce-
dures have grown exponentially in both volume and indications1. 
With this increase, the profession is under pressure to process 
patients quickly and mobilize and discharge them just within hours 
following the procedure. 

Transfemoral venous access using large-bore introducer sheaths is 
common for the treatment of various conditions (percutaneous left 
atrial appendage closure, transcatheter edge-to-edge repair, etc.).2-6 
This access is ideal due to its large caliber, few anatomical varia-
tions, and ability to accommodate 27-Fr outer-diameter introducer 
sheaths with ease. Other alternative access sites are less suitable 
for these procedures for various reasons: the jugular approach is 
uncomfortable for both patients and operators, the subclavian or 
axillary access sites carry a risk of hemothorax or pneumothorax, 
and the arm veins are not wide enough.7

Traditionally, hemostasis via venous access has been achieved by 
manual compression, which is still effective for small-caliber 
venous sheaths and is the standard against which other venous 
hemostasis methods are compared.7 Even with smaller sheaths, 
compression-based hemostasis can take up to 30 minutes to achieve, 
which is uncomfortable for the patient and inconvenient for health 
care personnel.6,8-10 Additionally, the immobilization period (4-8 
hours) following compression increases cost and patient discomfort, 
and presents a real risk of deep vein thrombosis, in addition to the 
hemorrhagic risks associated with incomplete hemostatic control or 
vascular injury at the access site, leading to hematoma, arteriove-
nous fistula, or pseudoaneurysm.6,10 In recent years, using vascular 
ultrasound for puncture has helped increase effectiveness and, 
more importantly, safety.

Alternatives to compression for achieving immediate and safe venous 
hemostasis are increasingly important and include subcutaneous 
suture techniques and vascular closure devices, such as the VASCADE 
(Cardiva Medical, United States), MYNX (Cardinal Health, United 
States), the MANTA (Teleflex/Essential Medical, United States), and 
the ProGlide/ProStyle (Abbott Vascular, United States).7

The figure-of-eight suture has been used as a hemostasis method 
in various studies, primarily in the field of electrophysiology, 
achieving faster compression, reducing the length of stay, and with 
fewer complications compared with manual compression.5,6,8,12-22 

The purse-string suture is an alternative method that has proven 
safe and effective, with results similar to the figure-of-eight suture 
compared with manual compression across various studies. More-
over, it is associated with shorter hemostasis time, less pain or 
discomfort, and shorter immobilization times.23-26

A simplified purse-string suture technique has been developed, 
with only 2 subcutaneous needle trajectories instead of 4, which 
maintains tension due to a 3-way stopcock enabling continuous 
tension adjustment compared with a fixed knot. Our objective was 
to evaluate the safety and efficacy profile of this new suture tech-
nique in patients undergoing transfemoral structural heart proce-
dures using large-bore introducer sheaths (≥ 10-Fr).

METHODS

Study design

The SUTURE-3 study is a prospective, non-randomized, multicenter 
registry that included consecutive patients who, after ≥ 10-Fr ultra-
sound-guided femoral venous access for structural heart procedures, 
received a simplified purse-string suture using a 3-way stopcock for 
tension adjustment (figure 1). Closure was performed by the inter-
ventional cardiologist or interventional nurse.

Materials used

A needle holder was used to place a purse-string suture with a  
38-48 mm triangular-tipped curved needle (chosen by the operator 
based on the diameter of the introducer sheath and vascular punc-
ture depth; for deeper punctures the 48 mm needle was used), and 
absorbable braided synthetic suture material (Polysorb, CL-928, size 1, 
GS-13 cutting). A simple 3-way stopcock was used to adjust and 
maintain suture tension, as shown in figure 2 and figure 3. The 
total estimated cost of the material was €1.45.

Estimated hemostasis time

An approximate minimum compression time in hours was calcu-
lated using the following formula:

∅ Fr used

4  
= No. of hemostasis hours

Métodos: Estudio multicéntrico, prospectivo y no aleatorizado que incluyó pacientes consecutivos con acceso venoso femoral ≥ 10 Fr 
en los que se empleó esta sutura simplificada ajustada con llave de 3 pasos. Se excluyeron los accesos <  10 Fr y los accesos 
arteriales homolaterales. La seguridad se evaluó conforme a los criterios Valve Academic Research Consortium-3, y la eficacia 
(hemostasia correcta) y el dolor con la escala visual analógica (EVA). Se realizó un seguimiento clínico a 1 mes. 
Resultados: Se incluyeron 222 pacientes con una edad media de 73,6  ±  9,7 años, el 58% varones, el 85% hipertensos, el 44% 
diabéticos y el 91% con antecedentes de fibrilación auricular. Las puntuaciones CHA2DS2-VA (4,1 ± 1,8) y HAS-BLED (3,5 ± 1,6) 
fueron elevadas, con alta proporción de hemorragias mayores previas (62%). El 54% de los pacientes estaban tomando anticoagu-
lantes orales, y el 24% y el 6% recibían antiagregación simple o doble, respectivamente. Los procedimientos más realizados fueron 
el cierre percutáneo de la orejuela izquierda (n = 154, 69%) y la terapia de borde a borde mitral (n = 41, 18%). El diámetro medio 
del acceso fue de 15,6 ± 5 Fr, en el 91% ecoguiado, con un tiempo de compresión de 4 ± 1,7 h y dolor en la retirada de 0,6 ± 1,6 
en la EVA. El tiempo de hemostasia fue instantáneo, con una tasa de éxito del 100%, y solo 2 hemorragias menores (0,9%). A 1 mes 
de seguimiento no se registraron complicaciones del acceso (incluidas infecciones). 
Conclusiones: La sutura en jareta simplificada con llave de 3 vías para la hemostasia venosa de accesos ≥ 10 Fr en el intervencio-
nismo cardiaco estructural es un procedimiento sencillo, económico, seguro y efectivo.

Palabras clave: Cierre venoso femoral. Introductor venoso de gran diámetro. Sutura en jareta.
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The structural heart procedure followed the standard technique and 
local protocol in each case via femoral venous access. Patients on 
antiplatelet therapy (acetylsalicylic acid, clopidogrel, ticagrelor, or 
prasugrel) continued their regimen before and during the proce-
dure. Patients on oral anticoagulation (vitamin K antagonists or 
direct oral anticoagulants) received their last dose 12-24 hours prior 
to the procedure, with no heparin bridging. All patients received 
perioperative heparin, with an activated clotting time (measured at 
30-minute intervals throughout the procedure and at the end before 
sheath removal) target of 250-300 seconds. No postoperative prota-
mine was administered, even in cases with an activated clotting 
time ≥ 300 seconds at the end of the procedure.

In the absence of major access complications, anticoagulation 
therapy was restarted 4-6 hours after the intervention. The post
operative antiplatelet and anticoagulant therapy was based on the 
patient and procedural characteristics and was not influenced by 
the type of access closure. For suture removal, it was recommended 
to moisten the threads with saline solution before extraction, and 
pain was assessed using a visual analog scale (VAS). Pain during 
suture placement could not be assessed, as many patients were 
sedated or anesthetized depending on the procedure.

Inclusion and exclusion criteria

Inclusion criteria were age ≥ 18 years, undergoing a transcatheter 
procedure via right or left femoral access with an introducer sheath 
or catheter outer diameter ≥ 10-Fr, and having signed the informed 
consent form.

Exclusion criteria were ipsilateral arterial access, femoral venous 
access with an introducer sheath or catheter outer diameter < 
10-Fr, more than 1 ipsilateral venous puncture (eg, electrophysi-
ology studies), and lack of consent to participate.

Study endpoints

Primary endpoint

The primary endpoint was to evaluate the efficacy profile of the 
suture, defined as complete hemostasis of the access site, as well 

as the safety profile, defined as the absence of major access compli-
cations according to the Valve Academic Research Consortium 
(VARC-3) criteria,27 including vascular injury at the access site 
(dissection, stenosis, perforation, rupture, arteriovenous fistula, 
pseudoaneurysm, hematoma, irreversible nerve damage, compart-
ment syndrome, or hemostatic device failure) leading to patient 
death, major or life-threatening bleeding, visceral ischemia, or 
neurological injury.

Secondary endpoint

The secondary endpoint was to assess the presence of minor access 
complications according to the VARC-3 criteria,27 including the 
already mentioned vascular injuries but not leading to death, 
life-threatening or major bleeding, visceral ischemia, or neurolog-
ical injury. Pain at suture removal was assessed using the VAS, and 
hospital readmissions or access-related events were monitored at 
the 1-month follow-up.

Ethical considerations

The study fully complied with the privacy policies of each partici-
pant center, including rules and regulations on the appropriate use 
of patient data in research. The study was approved by the Drug 
Research Ethics Committee of the coordinating center and conducted 
in full compliance with the criteria set forth in the Declaration of 
Helsinki. All patients gave their written informed consent form 
before the procedure and prior to being recruited.

Statistical analysis

As a descriptive cohort study, the statistical analysis was limited to 
descriptive statistics. Data are expressed as mean ± standard devi-
ation or interquartile range [25-75], and categorical variables as 
number and percentage. The analysis was conducted using SPSS 
software (version 25, SPSS Inc., United States).

RESULTS

A total of 222 consecutive patients (223 sutures) were included in 
the study. Eleven patients were excluded for having vascular 
accesses < 10-Fr, although similar outcomes were observed 
regarding safety and efficacy. The study flowchart is shown in 
figure 1. Baseline characteristics are shown in table 1, illustrating 
a patient profile of very high thrombotic and hemorrhagic risk. The 
patients’ mean age was 73.6 ± 9.7 years, with 130 (58%) men, 190 
(85%) hypertensive patients, 99 (44%) with diabetes, 143 (64%) with 
dyslipidemia, 101 (45%) with chronic kidney disease (defined as an 
estimated glomerular filtration rate < 60 mL/min/m2), and 203 
(91%) with a past medical history of atrial fibrillation or flutter. 
High CHA2DS2-VA (4.1 ± 1.8) and HAS-BLED (3.5 ± 1.6) scores 
were observed, along with a high prevalence of prior major bleeding 
events (n = 139, 62%) and ischemic strokes (n = 62, 28%). Regarding 
concomitant perioperative medication, 119 patients (54%) were on 
anticoagulation therapy, 53 (24%) on single antiplatelet therapy and 
13 (6%) on dual antiplatelet therapy. Preoperative lab test results 
showed a mean platelet count of 195 350 ± 73 000 and hemoglobin 
levels of 12.1 ± 2.0 g/dL.

Procedural characteristics (table 2) showed that nearly all access 
procedures were ultrasound-guided (n  =  203, 91%). The most 
common intervention was transcatheter left atrial appendage 
closure (n  =  154, 69%), followed by mitral valve transcatheter 
edge-to-edge repair (n = 41, 18%), septal defect closure (n = 10, 4%), 

Figure 1. Central illustration. Flowchart of the SUTURE-3 study. PE, pulmo-
nary embolism; VARC-3, Valve Academic Research Consortium 3.
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Figure 2. Step-by-step illustration of the simplified purse-string suture with 3-step stopcock.
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and less frequent procedures such as transcatheter mitral valvu-
loplasty (n = 5, 2.2%). The mean access diameter was 15.6 ± 5.1-Fr, 
with a median access time of 1.2 minutes [1.6-1.1], and a mean 
compression time of 4.0 ± 1.7 hours. In 2 complex cases—1 involving 
a transcatheter left atrial appendage closure and the other MitraClip 
implantation requiring a new transseptal puncture due to an under-
sized diameter of the introducer sheath—the suture effectively 
controlled hemostasis, allowing repositioning of the introducer 
sheath back to its original diameter. Upon suture removal, the 
mean pain score assessed via VAS was very low (0.6 ± 1.5). Hemo-
stasis was immediate in all cases (100% success rate), with only 2 
minor bleeding events (0.9%) being reported in patients in whom 
the suture was removed prematurely by inexperienced staff who 
did not follow the above-mentioned recommendations (see 
Methods). Despite the option of retightening the suture using the 
3-way stopcock, manual compression was chosen and successfully 
achieved hemostasis. Postoperative lab test results revealed a signif-
icant anemia in the patients (preoperative hemoglobin, 12.1 ± 2.0; 
postoperative hemoglobin, 11.1 ± 2.0; P < .05), likely associated 
with drugs (frail patients with prior bleeding and, therefore, with 
an indication for transcatheter left atrial appendage closure) and 
procedural blood loss. Although one-third of patients (n = 88, 39.6%) 
required red blood cell transfusion during hospitalization, none did 
so due to bleeding at the venous puncture site. There were no 
complications associated with the venous access site at the 1-month 
follow-up (including infections). Long-term follow-up showed rela-
tively low rates of overall (n = 29, 13%) and cardiovascular mortality 
(n  =  6, 2.7%), considering the high-risk of the study population, 
with no events at the puncture site.

DISCUSSION

The main findings of this study demonstrate that, in a large and 
contemporary cohort of consecutive patients undergoing transcath-
eter structural heart procedures with venous access diameters ≥ 
10-Fr, the use of this new simplified purse-string suture tightened 
with a 3-way stopcock was safe, effective, and fast, achieving 100% 
immediate hemostasis with a very low rate of associated bleeding. 
Additionally, this method is convenient for both patients and health 
care staff, as it causes minimal discomfort during removal and 
allows for short compression times, while facilitating early ambu-
lation. Furthermore, the materials are widely available in any 
hospital setting and are very low-cost.

In recent years, the number and indications for structural heart 
procedures have grown exponentially.1 Despite this development, 

vascular access complications are still the most common finding at 
the cath lab.28 With the expansion of structural heart procedures, 
due to the size of the devices or their mechanisms, it is necessary 
to use large-bore introducer sheaths being the diameter of the 

Figure 3. Simplified purse-string suture tightened with 3-step stopcock.

Table 1. Baseline characteristics

Characteristics n (%)

Age (years) 73.6 ± 9.7

Male 130 (58.3%)

Body mass index 28.4 ± 5.5

Smoking status

No 113 (50.7%)

Current smoker 31 (13.9%)

Former smoker 79 (35.4%)

Hypertension 190 (85.2%)

Diabetes mellitus 99 (44.4%)

Dyslipidemia 143 (64.1%)

CKD 101 (5.3%)

Ischemic heart disease

No 166 (74.4%)

PCI 56 (25.1%)

CABG 1 (0.4%)

Stroke

No 151 (67.4%)

Ischemic 62 (27.8%)

Hemorrhagic 10 (4.5%)

Bleeding history 139 (62.3%)

Atrial fibrillation/flutter 203 (91%)

CHA2DS2-VASc score 4.1 ± 1.8

HAS-BLED score 3.5 ± 1.6

Anticoagulation

None 103 (46.2%)

VKA 32 (14.3%)

DOAC 82 (36.8%)

Heparin 6 (2.7%)

Antiplatelet therapy

Single 53 (23.8%)

Dual 13 (5.8%)

Baseline blood tests

Hemoglobin (g/dL) 12.1 ± 2.0

Platelets (per mL) 195,350 ± 73,000

DOAC, direct oral anticoagulant; VKA, vitamin K antagonist; CABG, coronary artery 
bypass grafting; PCI, percutaneous coronary intervention; CKD, chronic kidney disease 
(estimated glomerular filtration rate < 60 mL/min).
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access site one of the most important predictors of vascular compli-
cations.29 Transfemoral venous access with large-bore introducer 
sheaths is widely used in various conditions.2-6 Although ultra-
sound-guided puncture is recommended due to its superior safety 
and efficacy profile, there are no clinical practice guidelines 

specifying the optimal method or device for achieving hemostasis. 
Traditional methods such as manual compression and weight-based 
techniques exist, along with more state-of-the-art approaches like 
subcutaneous sutures (figure-of-eight, purse-string) or arterial 
closure devices repurposed for venous use (both suture-based and 
collagen plugs).7 Table 3 provides a comparative summary of subcu-
taneous suture techniques reported in the literature.

The proposed mechanism by which this simplified purse-string 
suture with a 3-way stopcock achieves hemostasis is similar to the 
mechanism of other figure-of-eight techniques.18 The suture passes 
medial and lateral to the access site, engaging sufficient skin and 
subcutaneous tissue to generate a mechanical tamponade around 
the venous puncture site. In the study by Cilingiroglu et al.,18 there 
was no extravasation after suture placement, and only mild 
venoconstriction was noted on phlebography; however, at 24 hours, 
ultrasound confirmed normal compressibility in the absence of 
stenosis, thrombosis, or other complications. Further studies have 
not found this stenosis using ultrasound either.6

Figure-of-eight suture has been used for venous hemostasis in 
various studies proving superior to conventional compression: 
faster compression, a reduced length of stay, fewer complications, 
etc.5,6,8,12-21 However, most of these studies were single-center and 
primarily focused on electrophysiology; only a few addressed hemo-
stasis in structural heart procedures.6,8,30

The purse-string suture is an even easier alternative than the 
figure-of-eight, and uses a large non-absorbable braided suture on 
a curved needle that is passed in-and-out at 4 points around the 
introducer sheath to form a square. Pulling and tightening the 
suture compresses the subcutaneous tissue and exerts pressure on 
the puncture. Although the evidence is more limited, 4 studies 
have demonstrated that it is safe and effective procedures, with 
similar outcomes compared with the figure-of-eight suture and 
improved results compared with manual compression, including 
shorter hemostasis and immobilization times and less discom-
fort.23-26 Furthermore, this evidence includes one of the few 
randomized trials to date (albeit 2-center and in electrophysiology) 
showing excellent results and evaluating pain compared with 
manual compression.26 In our study, discomfort during suture 
removal was minimal, as reflected in VAS scores, which is an 
important consideration in promoting the wider adoption of the 
technique.

In general, when 2 methods yield similar results, the easier or less 
invasive one is considered superior. The study of this new simpli-
fied purse-string technique reveals an excellent safety (0.9% minor 
bleeding) and efficacy profile (immediate hemostasis, completion 
time of 1-2 minutes, maintenance time < 6 hours in all cases). 
Moreover, it provides some potential advantages over other 
techniques:

–	 Only 2 instead of 4 needle punctures and subcutaneous trajec-
tories are needed.

–	 The 2 trajectories run parallel to the introducer sheath, theo-
retically reducing any puncturing risks.

–	 Unlike traditional knots, tension is adjustable at any time 
using a 3-way stopcock. This allows intraoperative suture 
placement when downsizing the introducer sheath or catheter 
(eg, repositioning, new transseptal puncture, etc.) and when 
bleeding needs to be avoided.

–	 Unlike more complex closure devices, the learning curve is 
not steep and is easily manageable by trained cath lab staff.

Table 2. Procedural characteristics

Characteristics n (%)

Type of procedure

Left atrial appendage closure 154 (69.1%)

Patent foramen ovale 5 (2.2%)

Atrial septal defect 5 (2.2%)

Mitral valvuloplasty 5 (2.2%)

Mitral valve edge-to-edge repair 41 (18.4%)

Paravalvular leak 3 (1.3%)

Pulmonary embolism 2 (0.9%)

Tricuspid edge-to-edge repair 5 (2.2%)

Leadless pacemaker 1 (0.4%)

Access

Right femoral vein 223 (100%)

Ultrasound-guided puncture 203 (91%)

Use of transesophageal echocardiography 221 (99.1%)

Transseptal needle

None 11 (4.9%)

Brockenbrough 100 (44.8%)

Radiofrequency 111 (49.8%)

Access diameter (Fr) 15.5 ± 5.0

Fluoroscopy time (min) 21.8 ± 18.5

Contrast volume (mL) 86 ± 57

Time to perform suture (min) 0.6 ± 1.5

Compression time (h) 4.0 ± 1.7

Procedural success 221 (99.1%)

Pain at removal (VAS) 0.6 ± 1.6

Postoperative hemoglobin (g/dL) 11.1 ± 2.0

Postoperative red blood cell transfusion 88 (39.6%)

Minor events (VARC-3) at 30 days

Minor bleeding 2 (0.9%)

Others 0 (0%)

Major events (VARC-3) at 30 days 0 (0%)

Long-term follow-up events

All-cause mortality 29 (13%)

Cardiovascular mortality 6 (2.7%)

VARC-3, Valve Academic Research Consortium 3; VAS, Visual Analogue Scale.
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Table 3. Summary of major studies on hemostasis with subcutaneous suture

Authors  
and year

n
Age 
(years)

Type of 
hemostasis

Study design
Main  
procedures

Mean 
diameter  
of introducer 
sheath

Ultrasound
Time to 
hemostasis 
(min)

Time to 
ambulation (h)

Length  
of stay (h)

Major 
Complications

Minor 
Complications

Comments

Camacho  
et al., 2025*
SUTURE-3

222 74 Simplified purse-
string suture + 
3-way stopcock 

Multicenter, 
observational, 
prospective

LAAC
TMVR 
PFO
ASD

16-Fr
10-26-Fr

Yes < 0.5 min 4 h – 0% 0.9% –

Geis et al., 
201530

80 71 FOES + MC 12 h 
(n = 40)
ProGlide (n = 40)

Single-center, 
observational, 
prospective

TMVR (MitraClip) 24-Fr – – – – 0%
2.5%

22%
15%

–

Steppich  
et al., 201813

277 74 FOES (n = 150)
ProGlide 
(n = 127)

Single-center, 
retrospective, 
registry-based

TMVR (MitraClip) 24-Fr – – – – 2.7%
3.1% 
NS

15.3%
15.7%
NS

–

Pracon  
et al., 20176

86 62 MC (n = 30), 
Parallel Z-suture 
(n = 60)

Single-center, 
open-label, 2:1 
randomized

LAAC 
PMC 
ASD

10-22-Fr
14-Fr

– 12 min
< 1 min

16 h
7 h

– – 37%
13%

Modified parallel 
Z-suture

Mohammed  
et al., 20225

VACCAR

434 64 MC (n = 156)
FOES (n = 203)
ProGlide (n = 75)

Single-center, 
observational, 
prospective

AF ablation 8-15-Fr Yes 20 min
7 min
9 min

6.5 h
2.2 h

29 h
27.5 h

1%
0%
0%

2.6%
1.5%
4.0%

Pain reported

Traullé  
et al., 201615

124 58 FOES Single-center, 
observational

AF cryoablation 15-Fr – – – – – 2.4% –

Aytemir  
et al., 201617

200 55 MC (n = 100)
FOES (n = 100)

Single-center, 
observational, 
retrospective

AF cryoablation 15-Fr – 14 min
0 min

– – – 4%
0%

–

Issa and Amr, 
201522

376 65 MC (n = 253)
FOES (n = 123)

Single-center, 
observational

AF ablation 11.5-Fr Yes – – – 4.7%
2.4%

7.5%
7.3%

–

Velagic  
et al., 202116

190 60 MC (n = 100)
FOES (n = 90)

Unicéntrico
Retrospectivo

AF cryoablation 15-Fr Yes – – – 0%
0%

8.8%
7%

Longer  
electrophysiology 
lab times

Jensen  
et al., 202019

290 66 MC (n = 132)
FOES (n = 158)

Single-center, 
retrospective

Procedures
EP
LAAC 
ASD

14.9-Fr
14.8-Fr

– – – – – 6.8%
1.3%

Longer device 
exchange times

Yorgun  
et al., 201914

150 64 FOES (n = 75)
FOES + 3-way 
stopcock (n = 75)

Single-center, 
observational, 
prospective

AF cryoablation 15-Fr – 1.66 ± 0.32
0.78 ± 0.24

4 h
4 h

1.3 ± 0.6
1.2 ± 0.4

2.7% rebleeding, 
2.7% infection
0%

12%
0%

–

Joshua  
et al., 202131

4 FOES + Flowstasis 
(Inari)

Single-center, 
case series

Thrombectomy 
in DVT/PE, 
TIPS, leadless 
pacemaker

16-27-Fr – – – – – – –

(Continues)
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Table 3. Summary of major studies on hemostasis with subcutaneous suture (continued)

Authors  
and year

n
Age 
(years)

Type of 
hemostasis

Study design
Main  
procedures

Mean 
diameter  
of introducer 
sheath

Ultrasound
Time to 
hemostasis 
(min)

Time to 
ambulation (h)

Length  
of stay (h)

Major 
Complications

Minor 
Complications

Comments

Kumar  
et al., 20198

749 13 MC (n = 365) 
+ FOES + 
Fisherman’s knot 
(n = 384)

Single-center, 
randomized

PMC, ASD, 
PFO, pulmonary 
valvuloplasty

10-14-Fr
12-Fr

Yes 14.3 min
1.1 min

18.9 h
3.3 h

36.8 h
24.6 h

– 1.6%
0.2%

–

Morgan  
et al., 201220

26 7.8 MC (n = 30)
S8 (n = 26)

Single-center, 
retrospective 
registry

Pediatric 
interventions

6-22-Fr
9.1-Fr

– 13.6 min
10 min

– – – 6.1%
7.7%

–

Zhou et al., 
201421

104 8.1 FOES Single-center, 
observational

ASD
Pulmonary 
stenosis

7-14-Fr – – – 5.6 ± 2.2 d – 1.9% –

Jackson  
et al., 201926

GITAR

200 62 MC 
Purse-string 
suture

Randomized AF ablation 8.5-15-Fr – 10.4 ± 2.2 min
0.45 ± 2.0 min

– – – – Pain reported 
29%
15%

Kottmaier  
et al., 201725

784 63 MC (n = 322)
Purse-string 
suture (n = 462)

Single-center, 
observational

AF ablation 8 + 11.7-Fr Yes – 10 h
12 h

– 0%
0%

24%
27%

Ultrasound later

Akkaya  
et al., 202024

41 80 Purse-string 
suture

Single-center, 
observational

TMVR (MitraClip) 24-Fr – – – – 0% 14.6% Without 
protamine

Kypta et al., 
201623

77 80 Double purse-
string suture

Single-center, 
observational

Leadless 
pacemaker

18-23-Fr – – – – – 3.9% (2.6% 
hematoma, 1.3% 
fistula)

–

AF, atrial fibrillation; ASD, atrial septal defect; DVT, deep vein thrombosis; EP, electrophysiology; FOES, figure-of-eight suture; LAAC, left atrial appendage closure; MC, manual compression; NS, non-significant; PFO, patent foramen ovale; 
PMC, percutaneous mitral commissurotomy; PTE, pulmonary embolism; TIPS, transjugular intrahepatic portosystemic shunt; TMVR, transcatheter mitral valve repair. 
* Current study.
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–	 Availability and cost of this type of hemostasis make it ideal 
for use in developing countries or to contain health care spen-
ding, especially compared with devices such as the ProStyle 
or the MANTA.

Limitations

The main limitations stem from the study design. Although multi-
center, it was not randomized and did not include a comparison 
group using other hemostasis techniques. The study lacks a control 
group, and therefore, while comparisons can be drawn with histor-
ical studies and registries, data should be interpreted with caution. 
Furthermore, the study does not evaluate procedures with multiple 
venous punctures, such as the ones typically used in electrophysi-
ology procedures, even though the utility of this type of suture in 
such procedures has been widely confirmed. Additionally, the 
study will not be conducted in patients with an ipsilateral transcath-
eter arterial line inserted at the same time, as this could be consid-
ered a confounding factor if any events occur. 

CONCLUSIONS

The simplified purse-string suture with a 3-way stopcock for venous 
hemostasis in structural heart procedures with ≥ 10-Fr access is a 
simple, safe, effective, and low-cost procedure, comfortable for 
both the patient and health care personnel, which achieves imme-
diate hemostasis with a short compression time.
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ABSTRACT

Introduction and objectives: Although transcatheter aortic valve implantation (TAVI) is the first-line therapy for aortic stenosis 
(AS), its benefit could be lower (or even disappear) in frail patients. Physical exercise and nutritional support programs are 
recommended to address frailty. Data on the application of telemedicine strategies in this context is scarce. The objective of this 
study is to analyze, in older patients with AS undergoing TAVI, the effect of a telematic intervention on the reversal of frailty vs 
standard of care. 
Methods: We will be conducting a randomized multicenter study including patients aged ≥ 75 years with severe AS (mean aortic 
gradient > 40 mmHg, or aortic valve area < 0.8 8 cm2 on echocardiogram) with baseline frailty criteria (Short Physical Performance 
Battery [SPPB ] <  10 and FRAIL scale ≥  3) undergoing TAVI. Prior to discharge, patients will be randomized to a) a telematic 
intervention within the first 3 months (nutritional support plus supervised physical exercise plus health education); or b) standard 
of care. The primary endpoint will be the percentage of patients with frailty reversal (SPPB ≥  10) at 3 months. The estimated 
sample size is 206 patients (103 in each arm). 
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INTRODUCTION

Degenerative aortic stenosis (AS) is the most common valvular heart 
disease in Western countries, largely due to the increase in life 
expectancy and the progressive aging of the population. Transcath-
eter aortic valve implantation (TAVI) has revolutionized the treat-
ment of AS, with documented efficacy in inoperable patients,1 high 
surgical risk patients,2 and more recently, in patients with interme-
diate or low surgical risk.3,4 This growing body of evidence has led 
to a progressive increase in the number of TAVIs performed each 
year,5 creating a need within health care systems to adapt to this 
demand and optimize care pathways and hospital admissions.6

AS is an age-related condition. The presence of frailty, comorbidity, 
and other geriatric syndromes is closely associated with the rate of 
complications, need for hospital readmissions, and mortality in both 
conservatively treated patients7 and those undergoing surgery8 or 
TAVI.9 Both frailty and comorbidity burden are also associated with 
a higher rate of procedureal complications,10 despite the fact that 
technological advancements have made TAVI an increasingly less 
invasive procedure. Furthermore, prior data suggest that patients 
with a higher comorbidity burden face higher rates of readmissions 
and non-cardiac mortality, which may limit or even negate the 
benefits of TAVI in some individuals.11 Therefore, optimizing 
patient selection to avoid procedural futility remains one of the 
most pressing clinical challenges.

On the other hand, the frailty phenotype is defined as a potentially 
reversible state of vulnerability to external stressors.12,13 In patients 
with cardiovascular disease, a significant portion of this frailty is 
attributable to the heart condition per se and is, therefore, poten-
tially reversible through specific treatment. However, in patients 
with a higher comorbidity burden, it may be difficult to determine 
what proportion of this frailty is associated with other underlying 
health conditions. It has been proposed that treating patients with 
incipient frailty requires a comprehensive approach to achieve 
reversal,14 including physical exercise, adequate nutrition, and tight 
control of comorbidities, which can accelerate the development of 
frailty. Some publications have shown that exercise programs can 
partially reverse frailty in various cardiovascular settings, including 
patients with AS.15-17 However, implementing these strategies in the 
routine clinical practice faces major obstacles, due to the cost 
associated with including this growing patient population in cardiac 
rehabilitation programs and the difficulty of achieving sustained 
adherence. Previous experiences show low adherence to hospi-
tal-based exercise programs (around 30%) even in controlled clinical 
trial settings.18

Telemedicine offers potentially significant advantages in the 
management of older patients with frailty and cardiovascular 
disease, as it may enable adequate follow-up by overcoming logis-
tical barriers (need for transportation, suboptimal adherence), 
which are particularly relevant in this context. Various 

Abbreviations

AS: aortic stenosis. SPPB: Short Physical Performance Battery. TAVI: transcatheter aortic valve implantation.

Intervención telemática sobre la fragilidad en pacientes tratados con TAVI. 
Diseño del ensayo clínico TELE-FRAIL TAVI

RESUMEN

Introducción y objetivos: El implante percutáneo de válvula aórtica (TAVI) constituye un tratamiento de primera línea en la estenosis 
aórtica (EAo), aunque en pacientes frágiles su beneficio podría ser menor. Para el abordaje de la fragilidad se recomiendan los 
programas de ejercicio físico y soporte nutricional. No existe experiencia sobre la aplicación de la telemedicina en este contexto. 
El objetivo de este estudio es analizar, en pacientes mayores con EAo tratados con TAVI, el efecto de una intervención telemática 
en la reversión de la fragilidad en comparación con el abordaje convencional.
Métodos: Estudio multicéntrico aleatorizado. Se incluirán pacientes ≥ 75 años con EAo grave (gradiente aórtico medio > 40 mmHg 
o área valvular aórtica < 0,8 cm2 en el ecocardiograma) con criterios de fragilidad basal (Short Physical Performance Battery [SPPB] 
< 10 y escala FRAIL ≥ 3) tratados con TAVI. Los pacientes serán aleatorizados antes del alta para recibir: a) intervención telemática 
durante los primeros 3  meses (soporte nutricional + ejercicio físico tutelado + educación sanitaria) o b) abordaje habitual. El 
criterio de valoración principal será el porcentaje de pacientes con reversión de la fragilidad (SPPB ≥ 10) a los 3 meses. El tamaño 
muestral planteado es de 206 pacientes (103 en cada rama). 
Conclusiones: La hipótesis del estudio es que una intervención telemática permitirá un mayor porcentaje de reversión de la 
fragilidad a los 3 meses del TAVI en comparación con el seguimiento habitual. Se espera que los resultados de este estudio aporten 
información novedosa para el abordaje del paciente frágil con EAo tratado con TAVI.
Ensayo registrado en ClinicalTrials.gov (NCT06742970).

Palabras clave: Estenosis aórtica. TAVI. Telemedicina. Fragilidad.

Conclusions: The hypothesis of this study is that telematic intervention will allow a higher percentage of frailty reversal at 3 
months vs standard of care after TAVI. The results of this study may provide novel information on this approach to frail patients 
with AS undergoing TAVI. 
ClinicalTrials.gov registered trial (NCT06742970).

Keywords: Aortic stenosis. TAVI. Telemedicine. Frailty.
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telemedicine tools have demonstrated their usefulness in improving 
prognosis in patients with heart failure,19 thus allowing for early 
detection of decompensation and prevention of hospitalizations and 
other complications. However, to this date, there is no experience 
on the application of telemedicine to frail patients with AS under-
going TAVI.

For these reasons, the main endpoint of the TELEFRAIL TAVI 
clinical trial is to analyze, in patients with AS undergoing TAVI, 
the effect of a comprehensive telematic intervention on frailty 
reversal 3 months after the intervention vs standard care.

METHODS

Study design

We conducted a prospective, multicenter, randomized (1:1) clinical 
trial to compare a comprehensive telematic intervention targeting 
frailty vs standard post-discharge care in patients ≥ 75 years with 
AS and frailty criteria undergoing TAVI. The study is promoted by 
the Section of Geriatric Cardiology of the Spanish Society of Cardi-
ology and will be conducted in 20 Spanish hospitals, with partici-
pation from clinical and interventional cardiologists, geriatricians, 
and other specialists experienced in the management of these 
patients, as well as trained nursing staff. The trial is registered at 
ClinicalTrials.gov (NCT06742970).

Study population

Eligible patients must meet the following inclusion criteria: a) 
severe AS, defined by a mean aortic gradient > 40 mmHg or an 
aortic valve area < 0.8 cm2 on echocardiography; b) age ≥ 75 years; 
c) undergoing TAVI during hospitalization; and d) meeting baseline 
(preoperative) frailty criteria defined by a Short Physical Perfor-
mance Battery (SPPB) score < 1020 and a (Fatigue, Resistance, 
Ambulation, Illnesses, Loss of weight) FRAIL score ≥ 3.21

Exclusion criteria include a) refusal to participate; b) inability to 
complete geriatric assessments or follow study procedures; c) 
inability to understand or sign informed consent forms; and d) life 
expectancy < 12 months. 

Beyond defined criteria, patient inclusion and derived procedures 
must be deemed reasonable by the responsible medical team. If 
complications occurred during hospitalization, they must be reason-
ably resolved prior to inclusion.

Treatment protocol

Prior to performing TAVI, baseline geriatric assessment will be 
conducted via interview with the patient, family, or caregivers by 
multidisciplinary trained personnel at participant centers. We’ll 
assess functional capacity for basic activities of daily living using 
the Barthel Index,22 an ordinal scale ranging from 0 to 100. This 
scale categorizes dependence into total (0–20), severe (21–40), 
moderate (41–60), mild (61–90), and independent (> 90). Instru-
mental activities will be assessed using the Lawton and Brody 
scale.23 Moreover, we’ll evaluate cognitive status with the Pfeiffer 
Test24 and Mini Mental State Examination (MMSE),25 and frailty 
using the SPPB20 including a) balance in 3 positions (feet together, 
semi-tandem, tandem); b) gait speed (4 m); and c) 5 chair stands. 
The total SPPB score goes from 0 to 12, with scores < 10 indicating 
increased risk of disability and falls. Furthermore, we’ll assess 
frailty using the FRAIL scale,21 the Clinical Frailty Scale,26 and the 
Essential Frailty Toolset8 including a) 5 chair stands; b) MMSE;25  

c) hemoglobin values; and d) albumin levels. Additionally, we’ll 
assess comorbidity using the Charlson Comorbidity Index27 
(maximum score, 37) and record the number of chronic prescription 
drugs prior to admission. Finally, we’ll assess nutritional using the 
Mini Nutritional Assessment-Short Form (MNA-SF)28 (scores < 11 
indicate malnutrition risk). Quality of life will be evaluated using 
the EQ-5D-5L questionnaire.29

Patients meeting frailty criteria and consenting to participate will 
be randomized before hospital discharge (post-TAVI) to 2 treatment 
arms: a) comprehensive telematic intervention (nutrition + super-
vised exercise + health education) within the first 90 days, or b) 
standard post-discharge care. Patients will be randomized using an 
online computer-generated 1:1 scheme, with concealed allocation. 
In-hospital medical therapy will follow clinical practice guidelines 
and the treating team’s judgment.

Frailty intervention

We will perform the intervention to allocated patients within the 
90 days following discharge via a specialized central telematic 
platform. Afterwards, expert health care professionals in nutritional 
support and adapted physical exercise will conduct videocalls on 
week 1, day 15, and every 2 weeks within the first 3 months.

For physical exercise, we’ll use an adaptation of the VIVI FRAIL 
program.30 On week 1, we’ll be using protocol A, moving to protocol 
B up to day 30 after discharge depending on good clinical tolerance, 
eventually moving to protocol C during months 2 and 3. The entire 
process will be monitored through periodic videocalls by specialists 
in physical exercise for elderly patients. In addition, patients and 
their families will have access to a phone number to resolve doubts, 
which will be available during working hours from Monday through 
Friday throughout the entire process.

Regarding nutritional support, patients allocated to the frailty inter-
vention group will receive nutritional information best suited to 
each individual profile after hospital discharge. The research team 
will provide nutritional supplements for 3 months after discharge. 
Patients will receive nutritional supplementation with a hyperca-
loric and hyperproteic formula. Nutritional supplements will be 
taken once a day after completing the corresponding exercise 
regimen during that period (3 months). 

Health education will consist of complementing the information 
received on nutrition and exercise during successive videocalls 
within the first 3 months and resolving any related questions. 
Moreover, we’ll provide information to optimize treatment adher-
ence and control cardiovascular risk factors.

Study endpoints

The primary endpoint will be the percentage of patients whose 
frailty is reversed, as measured by SPPB20 (meaning they achieve 
an SPPB score of ≥ 10) 3 months after discharge. Staff from partic-
ipant centers blinded to the allocated treatment group will be 
conducting this assessment (figure 1).

The following will be analyzed as secondary endpoints:

–	 Number of days alive and out of hospital 1 year31 after TAVI.

–	 Need for readmission (cardiac or non-cardiac) at 3 months and 
1 year.

–	 All-cause and cardiovascular mortality rates at 3 months and  
1 year.



226 E. Bernal-Labrador et al. REC Interv Cardiol. 2025;7(4):223-228

–	 Rate of cardiovascular events (MI, stroke, revascularization) at 
1 year.

–	 Proportion of robust patients (SPPB >10) at 1 year.

–	 Disability (Barthel Index22) at 3 months and 1 year.

–	 Nutritional risk (MNA-SF28) at 3 months and 1 year.

–	 Quality of life (EQ-5D-5L29) at 3 months and 1 year.

Geriatric assessment during follow-up

A trained staff member from the participant centers will conduct 
the geriatric assessment in person. This staff will be blinded to the 
allocated treatment group. Three months and 1 year after TAVI, 
we’ll re-evaluate functional capacity (Barthel Index), instrumental 
activities of daily living (Lawton-Brody Index), nutritional risk 
(MNA-SF), cognitive ability (Pfeiffer test), quality of life (EQ-5D-5L), 
and frailty using the FRAIL, Clinical Frailty Scale, SPPB, and Essen-
tial Frailty Toolset scales. Clinical follow-up includes an in-person 
visit at 3 months and 1 year.

Study committees

This project is an independent clinical trial, with no industry 
funding. A steering committee will be responsible for overseeing 
the scientific and operational aspects of the study. While patients 
and researchers won’t be blinded to the treatment group allocation, 
a blinded event adjudication committee will evaluate clinical events 
to prevent bias. Similarly, a data safety monitoring board will be 
responsible for making relevant recommendations to the steering 
committee regarding the endpoints, as well as any potential obser-
vations related to patient safety.

Statistical analysis and sample size

Previous data from elderly patients with severe AS and frailty 
criteria undergoing TAVI show an approximate 50% proportion of 
frailty reversal after TAVI. Assuming an estimated 70% frailty 
reversal in the group allocated to the post-discharge telemedicine 
intervention, with 80% statistical power and a two-sided alpha error 
of 0.05, and accounting for a 10% loss to follow-up, the calculated 
sample size is 206 patients (103 in each group). A multicenter 
approach is necessary to achieve this planned sample size.

All statistical comparisons will follow the intention-to-treat prin-
ciple. Results will be expressed as frequency and percentage or as 
median and standard deviation, as appropriate. Inter-group compar-
isons will be drawn using Fisher’s exact test. Patient follow-up will 
be censored at the time of death or at the end of the study. Primary 
endpoints will be compared between the 2 groups using a logistic 
regression model, considering frailty reversal as the dependent 
variable, the intervention as a fixed independent variable, and other 
covariates with a significant association with exposure in the final 
statistical model. In addition to secondary endpoints, the effect of 
the intervention on clinical events will be described using the 
Kaplan-Meier method, and Cox regression will be used for its 
evaluation. Hazard ratios and their 95% confidence intervals will 
be calculated. For all analyses, a two-sided P < .05 will be consid-
ered statistically significant. If significant differences are observed 
in the distribution of covariates between the 2 groups (control vs 
intervention), all variables with a significantly different distribution 
between the 2 groups, in addition to the allocated treatment group, 
will be included in the adjusted analysis. Prespecified subgroup 
analyses will be performed based on sex and comorbidity burden 
(Charlson Comorbidity Index).

Ethical aspects

Both participants and their families will receive detailed informa-
tion about the potential risks and benefits of participating in the 
study. Both the study protocol and the informed consent form have 
been evaluated by the reference ethics committee. Participants will 
have the opportunity to carefully read the consent form and ask 
questions before signing it. All participants must sign the informed 
consent form prior to being included in the study. A copy of such 
form will be provided to participants. The rights and benefits of 
participants will be protected, with an emphasis that the quality of 
medical care will not be negatively impacted if they refuse to 
participate in the study.

DISCUSSION

Despite TAVI has become the treatment of choice in most elderly 
patients with AS, avoiding futility in patients with a higher burden 
of comorbidity, frailty, and disability remains clinically challenging. 
Therefore, a considerable percentage of elderly AS patients present 
with frailty, partly due to their heart disease (potentially reversible 
with specific treatment), and partly due to other existing comorbid-
ities. In patients with a high comorbidity burden, isolated treatment 
of AS may not provide clinical benefit in the absence of other 
additional measures.11 A detailed understanding of each patient’s 
profile is essential for appropriate therapeutic planning both for AS 
and for the overall health status once the valvular heart disease has 
been corrected. 

Frailty is considered an intermediate state in the transition toward 
disability that is potentially reversible, especially in its early stages.13 
A holistic, multidisciplinary approach supported by physical exer-
cise, proper nutrition, and tight control of underlying disease is 
essential.14 Some physical activity programs have partially reversed 
frailty in various cardiovascular contexts, including patients with 
AS.15-17 However, implementing these strategies in the routine clin-
ical practice faces substantial challenges due to cost and the diffi-
culty in ensuring sustained patient adherence.18 The TELE-FRAIL 
TAVI clinical trial aims to assess the potential impact of a compre-
hensive intervention on frailty reversal and prognosis in frail 
elderly patients undergoing TAVI. The telematic design of the 
intervention is expected to facilitate greater adherence to exercise 
and nutrition recommendations, thus contributing to frailty reversal 
along with AS correction via TAVI. The study design should allow 

Figure 1. TELE-FRAIL TAVI study design. AS, aortic stenosis; SPPB, Short 
Physical Performance Battery; TAVI, transcatheter aortic valve implantation.
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determination of the percentage of patients in whom frailty is 
reversed with this combined strategy vs conventional TAVI 
follow-up. Furthermore, it should identify the clinical and geriatric 
profile of patients in whom the strategy fails, indicating a high 
likelihood of procedural futility.

CONCLUSIONS

The results of the TELE-FRAIL TAVI clinical trial are expected to 
shed light on the optimal management of frail elderly patients with 
AS undergoing TAVI. Optimizing treatment and prognosis for these 
complex patients could have significant clinical, financial, and 
social implications.
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ABSTRACT

Introduction and objectives: The early administration of unfractionated heparin (UFH) for ST-segment elevation myocardial 
infarction (STEMI) is still a matter of discussion, and clinical practice guidelines leave the timing of administration prior to 
angioplasty at the physician’s discretion.
Methods: We conducted a systematic search across PubMed/Cochrane databases for studies comparing pre-treatment with UFH 
with a comparative untreated group (non-UFH) of patients with STEMI undergoing primary angioplasty and including TIMI flow 
and 30-day mortality targets from June 2024 through September 2024. We conducted a randomized meta-analysis and assessed the 
risk of publication bias to detect asymmetry in the included studies.
Results: We included a total of 7 studies published from 2002 through 2022 (6 retrospective trials and 1 substudy of a randomized 
trial) for a total of 36 831 patients: 17 751 in the UFH pre-treatment group and 19 080 in the non-UFH control group. A total of 
6202 patients (31.6%) on UFH had TIMI grade-II/III flow vs 5106 (23.0%) on non-NFH while 490 (3.9%) on UFH died within 30 
days vs 673 (5.1%) on non-NFH. Meta-analysis demonstrated a higher probability of TIMI grade-II/III flow (HR, 1.35; 95%CI, 
1.25-1.45; P < .0001) and a lower 30-day mortality rate in patients on UFH pretreatment (HR, 0.80; 95%CI, 0.72-0.90; P = .0002), 
with no differences being reported in bleeding complications (HR, 0.87; 95%CI, 0.72-1.05; P = .150).
Conclusions: Meta-analysis of studies shows that pretreatment with UFH in STEMI patients undergoing primary angioplasty is 
associated with a higher probability of TIMI grade-II/III flow and a lower risk of early mortality.
Meta-analysis registered in PROSPERO (CRD420250655362).

REC Interv Cardiol. 2025;7(4):229-237
https://doi.org/10.24875/RECICE.M25000517

Keywords: Meta-analysis. Unfractionated heparin. ST-segment elevation myocardial infarction. Prognosis. Pre-treatment. Acute myocardial 
infarction.

Pretratamiento con heparina en angioplastia primaria por infarto agudo  
de miocardio con elevación del segmento ST: metanálisis

RESUMEN

Introducción y objetivos: La administración temprana de heparina no fraccionada (HNF) en el infarto agudo de miocardio con 
elevación del segmento ST (IAMCEST) está sujeta a controversia, por lo que las guías de práctica clínica dejan a criterio médico 
el momento de su administración antes de la angioplastia.
Métodos: Entre junio y septiembre de 2024 se realizó una búsqueda sistemática en PubMed y Cochrane de estudios que com-
parasen el pretratamiento con HNF con un grupo control no tratado (no-HNF) en pacientes con IAMCEST tratados con angio-
plastia primaria e incluyesen los objetivos de flujo TIMI y la mortalidad a 30 días. Se llevó a cabo un metanálisis aleatorizado, 
en el que se evaluó el riesgo de sesgo de publicación para detectar asimetría en los estudios incluidos.

mailto:jgimeno%40secardiologia.es?subject=
http://crossmark.crossref.org/dialog/?doi=10.24875/RECICE.M25000517&domain=pdf
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INTRODUCTION

The implementation of STEMI Code protocols, involving emergency 
and cardiology services, has led to improved care for ST-segment 
elevation myocardial infarction (STEMI) and lower morbidity and 
mortality rates.1 Correct diagnosis of STEMI, pretreatment with 
antiplatelet agents, and the organization of rapid and direct transfer 
to a center with an PCI-capable center for primary angioplasty are 
quality standards in the management of STEMI.1 

Parenteral anticoagulation is generally recommended in acute coro-
nary syndrome at the time of diagnosis.1 In STEMI, the use of 
unfractionated heparin (UFH) during primary angioplasty is recom-
mended to prevent coronary thrombosis and device-related compli-
cations, but its use should be discontinued after the procedure.2 

The precise role of UFH pretreatment at the time of first medical 
contact  for patients diagnosed with  STEMI  remains to be fully 
defined. The 2023 clinical practice guidelines of the European 
Society of Cardiology1 allow attending physicians to decide when 
to administer UFH during treatment, as there is no solid evidence 
supporting its early use. This flexibility is based on the absence 
of conclusive data on the benefits of UFH at this stage of 
treatment.1,3

The most recent data published on the implementation of STEMI 
Code protocols and care networks in Spain reveal heterogeneity 
in response times and transport among the different autonomous 
communities (AC).4,5 This heterogeneity is also observed in the 
administration of anticoagulant and antiplatelet pretreatment 
across the 17 AC. A review of STEMI Code protocols as of 
December 2024 shows that in 6 of the 17 (35.3%) AC, pretreat-
ment with UFH is recommended, representing coverage for 
43.1% of the Spanish population (table 1 of the supplementary 
data). All AC, except for one, include dual antiplatelet therapy as 
pretreatment at the first medical contact in their protocols. Differ-
ences in the standardization of UFH use in STEMI Code protocols 
reflect the lack of evidence and concrete recommendations on 
this topic.

The aim of this study is to perform a systematic review and 
meta-analysis of existing studies on UFH pretreatment in the 
context of primary angioplasty as a reperfusion treatment for 
STEMI in terms of TIMI (Thrombolysis in Myocardial Infarction) 

grade 2-3 flow at the start of the procedure and early 30-day 
in-hospital mortality. 

The meta-analysis follows PRISMA guidelines to ensure transpar-
ency and quality (table 2 of the supplementary data).

METHODS

Literature search

We conducted a systematic search of scientific literature across 
Medline-PubMed and the Cochrane Controlled Register of Trials 
(CENTRAL) from May through September 2024. We accessed 
several observational studies and clinical trials comparing UFH 
pretreatment in the ambulance vs no pretreatment in patients 
diagnosed with STEMI treated with primary angioplasty. A lower 
date limit was set to 2002, and no language restrictions were 
applied. Studies were selected if they included information on 
initial TIMI grade flow, 30-day early mortality, and major bleeding 
complications. In the article by Emilsson et al.6 data from the 
propensity score cohort, which provides better adjustment, were 
used, and the same population was used in the study by Bloom et 
al.7. The references of the selected studies were analyzed to obtain 
additional articles via cross-referencing. Both the search and article 
selection methodology are shown in figure 1. 

The PRISMA guidelines were followed (table 2 of the supplementary 
data), and the meta-analysis was registered in PROSPERO 
(CRD420250655362).

Inclusion criteria

We included observational, retrospective, and clinical trials 
analyzing the use of UFH as pretreatment in patients diagnosed 
with STEMI, administered at the first medical contact, in the ambu-
lance or at a non-PCI-capable center prior to arrival at the destina-
tion hospital where the percutaneous coronary intervention (PCI) 
would be performed along with a control group of patients without 
UFH pretreatment. Moreover, studies had to provide information 
on initial TIMI grade flow, the 30-day mortality rate, and major 
bleeding complications. Only studies with a population of at least 
500 individuals were included.

Abbreviations

PCI: percutaneous coronary intervention. STEMI: ST-segment elevation myocardial infarction. TIMI: Thrombolysis in Myocardial 
Infarction. UFH: unfractionated heparin.

Resultados: Se incluyeron 7 estudios publicados entre 2002 y 2022, de los cuales 6 eran retrospectivos y 1 subestudio de un ensayo 
aleatorizado, con 36.831 pacientes: 17.751 el grupo de pretratamiento con HNF y 19.080 el grupo control no-HNF. Un total de 
6.202 (31,6%) con HNF tuvieron flujo TIMI II/III, frente a 5.106 (23,0%) de los no-HNF, y 490 (3,9%) con HNF fallecieron en 30 
días, frente a 673 (5,1%) de los no-HNF. El metanálisis demostró mayor probabilidad de flujo TIMI  II/III (HR  =  1,35; IC95%, 
1,25-1,45; p < 0,0001) y menor mortalidad en los pacientes que recibieron pretratamiento con HNF (HR = 0,80; IC95%, 0,72-0,90; 
p = 0,0002), sin diferencias en complicaciones hemorrágicas (HR = 0,87; IC95%, 0,72-1,05; p = 0,150).
Conclusiones: El metanálisis muestra que el pretratamiento con HNF en pacientes con IAMCEST y angioplastia primaria se asocia 
a una mayor probabilidad de flujo TIMI II/III y un menor riesgo de mortalidad precoz.
Metanálisis registrado en PROSPERO (CRD420250655362).

Palabras clave: Metanálisis. Heparina no fraccionada. Infarto con elevación del segmento ST. Pronóstico. Pretratamiento. Infarto agudo de 
miocardio.
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Exclusion criteria

We excluded repeated series from the same group, studies prior to 
2002, those on pretreatment with anticoagulants other than UFH, 
studies without a control comparator group, or those that included 
patients diagnosed with non-ST-segment elevation acute coronary 
syndrome, angina, or another cardiac event different from STEMI. 
Studies with less than 500 individuals were also excluded.

Selection of publications

The article search was conducted across Medline-PubMed and 
CENTRAL databases using the following terms: “preclinical,” 
“cardiac,” “heparin,” “analysis, early,” “unfractionated,” “STEMI,” 
“prehospital,” and “pretreatment.” A total of 275 relevant articles 
were identified, from which, after initial exclusion based on inclu-
sion and exclusion criteria, 16 were selected, and 7 finally 
remained6-12 (6 of them conducted in European populations and 1 
in Australia.7) All were observational and retrospective studies, 
except for the one conducted by Karlsson et al.11, which is a 
subanalysis of a randomized clinical trial.

Primary and secondary endpoints

The primary endpoint was to analyze the association of UFH 
pretreatment with the presence of initial TIMI grade 2-3 flow in 
the infarct-related artery on diagnostic coronary angiography, prior 
to the start of PCI, in patients for whom PCI was indicated. The 
secondary endpoints were to analyze the association of UFH 
pretreatment with 30-day mortality in STEMI patients with an 
indication for PCI, and the presence of major bleeding complica-
tions13 (clinically significant bleeding events, such as bleeding 
requiring medical intervention or blood transfusion, or resulting in 
a significant hemoglobin decrease).

Data collection and management

Abstracts and methods sections of selected publications were 
systematically reviewed to ensure they met the inclusion criteria. 

Disagreements were resolved by consensus. Measures were taken 
to avoid duplication of articles.

Risk of bias

The risk of bias in the studies included in the meta-analysis was 
assessed using a combination of robust statistical approaches and 
widely recognized visual methods. The Harbord test (table 3 of the 
supplementary data), specifically designed to detect publication bias 
in meta-analyses reporting risk ratios (RR), was used. Additionally, 
funnel plots were analyzed, allowing a visual assessment of asym-
metry in the distribution of study effects. The funnel plots for each 
variable are included in figures 1-3 of the supplementary data.

In this meta-analysis, the variables of interest include TIMI grade 
2-3 flow, 30-day mortality, and major bleeding. Furthermore, their 
potential bias was analyzed using the above-mentioned statistical 
procedures.

Statistical analysis

For statistical analysis, version 4.2.1 of R was used, using 
the  metabin  function from the  meta  package to synthesize the 
results of studies comparing UFH pretreatment vs UFH adminis-
tered in the cath lab. Binary event data and totals for each group 
were analyzed using the RR model, with the inverse variance 
method, which weights studies based on precision, giving more 
weight to those with lower variance. A forest plot was generated 
using a random-effects model; the graph shows point estimates and 
corresponding 95% confidence intervals (95%CI) for each individual 
study, along with an overall RR estimate. The graph design followed 
the RevMan format, with customized labels indicating the groups 
of interest (UFH and non-UFH) and direction of effects (favors UFH 
and favors non-UFH), improving clinical interpretation. Heteroge-
neity analysis included calculation of the I2 value, which quantifies 
the proportion of variability among studies not attributable to 
chance, due to observed heterogeneity. As indicated by the τ2 value 
from the Harbord test analysis (table 3 of the supplementary data), 
the random-effects model is most appropriate in this situation.

RESULTS

A total of 36 831 patients were included, of whom 17 751 (48.2%) 
received pretreatment with UFH and 19 080 (51.8%) did not, the 
latter representing the control group for comparison. Of note, data 
from the article by Emilsson et al.6 were obtained from the propen-
sity score-matched cohort, which provides better adjustment; there-
fore, the study population was 22 376 rather than 41 631 patients. 
Additionally, this adjusted cohort was used in the study by Bloom 
et al.7 with 2746 instead of 4720 patients. The data shown in table 1 
correspond to the propensity score-matched cohort and include a 
summary of the demographics and characteristics of each study.  
A substantial portion of the population was male (70–80% of the 
total), with mean ages ranging from 60 to 67 years. Only 5 of the 7 
studies reported the UFH dose, which ranged from 4000 to 5000 IU.

Primary endpoint

A total of 6202 (31.6%) patients pretreated with UFH achieved TIMI 
grade 2-3 flow vs 5106 (23.0%) from the non-pretreated group  
(table 2). 

The meta-analysis of data from the 7 studies6-12 demonstrated a 
significant increase in the likelihood of TIMI grade 2-3 flow, with 

Figure 1. Flowchart of the literature search. STEMI, ST-segment elevation 
myocardial infarction.

Potentially relevant 
articles (n = 16)

Included articles (n = 7)

Identification of studies in databases and registries

Articles identified and retrieved from PubMed (n = 145) 
and Cochrane (CENTRAL) (n = 130), using the terms heparin, 

STEMI, pretreatment, preclinical, cardiac, analysis, early, 
unfractionated, and prehospital. Since 2002. Total: 275

Articles excluded after reading the title and abstract (n = 9): 
1 for currently recruiting
4 for not meeting diagnostic criteria
3 for using multiple anticoagulants
1 for being a review of another article
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a hazard ratio (HR) of 1.35 (95%CI, 1.25–1.45; P < .0001) (figure 2). 
Although all studies showed statistically significant differences, 
except for the one by McGinley et al.8, heterogeneity in the magni-
tude of association was high (I2 = 53%).

Secondary endpoints

A total of 490 (3.9%) patients pretreated with UFH died within 30 
days vs 673 (5.1%) from the non-pretreated group (table 2). The 
meta-analysis of data from the 7 included studies6-12 showed a 
reduction in 30-day mortality in patients who received pretreatment 
with UFH (HR, 0.80; 95%CI, 0.72–0.90; P  =  .0002) vs those who 
did not. Two studies showed a significantly lower mortality rate in 
the UFH group individually, including the one with the largest 
sample size6 (65.8% of patients included in the meta-analysis). 
Heterogeneity in the magnitude of association was high (I2 = 55%) 
(figure 3).

Regarding the association between UFH pretreatment and the rate 
of hemorrhagic complications, there were no significant associa-
tions in the meta-analysis of the 7 studies6-12 (HR, 0.87; 95%CI, 
0.72–1.05; P  =  .1502). None of the studies showed a significant 
association, either beneficial or harmful, regarding bleeding 
complications. Heterogeneity among the studies was low (I2 = 0%) 
(figure 4).

DISCUSSION

This meta-analysis demonstrates that for STEMI patients, adminis-
tering UFH as pretreatment at the point of first medical contact is 
more beneficial than doing so at the PCI-capable center.

The observed benefit consists of a higher percentage of initial TIMI 
grade 2-3 flow (absolute increase of 8.6% and relative increase od 
37.4%) and a lower 30-day mortality rate (absolute reduction of 
1.2% and relative reduction of 23.5%). While most studies individ-
ually indicated a benefit of UFH pretreatment for open arteries, 
only 2 of the 7 studies primarily supported a mortality benefit. In 
terms of safety, pretreatment at first medical contact had a neutral 
effect on the risk of bleeding complications, and results were homo-
geneous across all 7 studies. 

A recently published meta-analysis of 14 studies14 with different 
inclusion criteria and endpoints, incorporated studies on UFH and 
on a mix of other anticoagulants, such as low molecular weight 
heparin (enoxaparin), bivalirudin, and fondaparinux, along with 
additional events like cardiogenic shock, in-hospital mortality, and 
1-year mortality. Both analyses showed consistent results on the 
benefit of pretreatment on open artery rates and early mortality, 
although they differed in the rate of bleeding complication. The 
referenced meta-analysis14 found a beneficial association between 
pretreatment with UFH or fractionated heparin in the reduction of 
bleeding complications. Moreover, the meta-analysis also analyzed 
the impact of pretreatment on the percentage of patients with 
cardiogenic shock, showing a positive association between pretreat-
ment with UFH or fractionated heparin and this outcome. Of note, 
the heterogeneity in design, timing, and concomitant antiplatelet 
therapy among the studies included in the 2 meta-analyses. Notably, 
a small observational study conducted in Spain reported benefits 
from UFH pretreatment.15

Arguments for and against UFH pretreatment in STEMI

UFH is inexpensive, accessible, administered intravenously, and 
widely used in health care centers and ambulances. UFH is a 

necessary drug to prevent arterial and catheter thrombosis during 
PCI.

Beyond the potentially beneficial effects on open artery rates 
demonstrated in the meta-analysis, the use of UFH as pretreatment 
at the first medical contact does not seem to influence PCI per se. 
The rate of arterial puncture-related complications in anticoagulated 
patients is low when radial access is used; according to recent 
studies on the STEMI Code in Spain, 90% of angioplasties in STEMI 
patients are performed via radial access.4,5 There is still no infor-
mation available on the potential impact of pretreatment on 
thrombus burden, no-reflow, ST-segment resolution, or infarct size, 
and no current studies have been designed to address these specific 
issues3 (table 4 of the supplementary data). 

Clinical practice guidelines do not make definitive recommenda-
tions either due to the absence of adequately randomized trials 
evaluating the value of UFH pretreatment—not because there is 
evidence of no effect.1,3

In some patients misdiagnosed with STEMI (eg, those with aortic 
syndrome, pericarditis, myocarditis, NSTEMI, transient ST-segment 
elevation, Takotsubo syndrome, pulmonary embolism, pneumo-
thorax, thoracic or esophageal disease, or musculoskeletal chest 
pain), pretreatment with UFH and antiplatelets may be harmful. 

Notably, recent studies on the STEMI Code in Spain4-5 report that 
in 16.6% of all STEMI Code activations, the diagnosis of STEMI 
could not be confirmed, and in 3.6% of cases, no angioplasty was 
performed.

These misdiagnoses were not analyzed in the included meta-anal-
yses. The design of the studies, most of which were retrospective, 
complicates the identification of risks associated with UFH use in 
these contexts. Theoretically, UFH pretreatment might be more 
beneficial in patients with recent thrombus formation, shorter times 
from symptom onset to first medical contact, and longer transfers 
to the PCI-capable center. However, in this meta-analysis, the 
review of study characteristics does not allow conclusions in this 
regard. There was no evident relationship between time metrics 
and the use of UFH pretreatment and the rates of open arteries or 
short-term mortality.

Need for randomized clinical trials

Clinical practice guidelines have become key reference documents 
for organizing health care delivery.1,2 These guidelines, developed 
by international experts who thoroughly review the scientific 
evidence to support their recommendations, are not always imple-
mented in the routine clinical practice. One example, relevant to 
our field, is the use of antiplatelet pretreatment at the first medical 
contact. One year after the publication of the European Society of 
Cardiology guidelines on the management of acute coronary 
syndrome,1 which assigned a class IIb recommendation and level 
B evidence to dual antiplatelet therapy (DAPT) in STEMI, nearly 
all hospitals in Spain continued to administer DAPT at the first 
medical contact (table 1 of the supplementary data).

The current recommendation against antiplatelet pretreatment, 
similarly to the indication on pretreatment with UFH, is based on 
the absence of evidence demonstrating a benefit from DAPT and 
concerns on the potential bleeding risk associated with the use of 
long half-life antiplatelet agents in patients who may require emer-
gency revascularization surgery.16-18 However, the need for emer-
gency surgery is extremely rare in STEMI cases. Implementation 
of the clinical practice guidelines and reducing pretreatment to a 
single antiplatelet agent has been adopted in other European 
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Table 1. Demographic data of populations and characteristics of the selected studies

Study Design Country n
n (%) Age, years Concomitant antiplatelets, drug, and dosis Male sex Door-to-balloon time UFH dosis

UFH Non-UFH UFH Non-UFH UFH Non-UFH UFH Non-UFH UFH Non-UFH UFH Non-UFH

Fabris et al.  
(2022)10

Retrospective Italy 537 237 (44.1%) 300 (55.9%) 66.0 ± 12.5 67.0 ± 12.0 ASA: 237, 250 mg 
(100%)
Ticagrelor: 237,  
280 mg (100%)

ASA: 300, 250 mg 
(100%)
PCI-capable center: 
UFH + ticagrelor or 
prasugrel or clopidogrel

176 (74.3%) 226 
(75.3%)

77 74 70 IU/kg 70 IU/kg

Emilsson  
et al. (2022)6

Retrospective Sweden 22 376 11 188 
(50.0%)

11 188 
(50.0%)

67.0 ± 12.0 67.0 ± 12.0 ASA: 226, NR (2%) 
Clopidogrel: 221,  
NR (22%)  
Ticagrelor: 4642,  
NR (41%)
Prasugrel: 574,  
NR (5.1%)

ASA: 170, NR (1.5%) 
Clopidogrel: 28,  
NR (0.3%) 
Ticagrelor: 4486, NR (40%)  
Prasugrel: 608,  
NR (5.4%)

7877 (70%) 7992 (71%) 276 ± 244 290 ± 270 NR NR

Bloom et al. 
(2021)7

Retrospective Australia 2746 1373 (50.0%) 1373 
(50.0%)

63.0 ± 12.4 63.2 ± 12.7 ASA: 1327, NR (96.6%) 
Ticagrelor: 944,  
NR (68.8%)

ASA: 1326, NR (96.6%) 
Ticagrelor: 975,  
NR (70.9%)

1099 
(80.0%)

1081 
(78.7%)

48 ± 23 64 ± 47 4000 + 1000 
IU/h in 
ambulance

4000 IU

McGinley  
et al. (2020)8

Retrospective Scotland 1000 437 (43.7%) 563 (56.3%) 63.7 ± NR 63.7 ± NR ASA: 437, NR (100%) 
Clopidogrel: 437,  
NR (100%)

ASA: NR
Clopidogrel: NR

304 
(69.6%)

390 
(69.3%)

NR NR 5000 IU 5000 IU

Karlsson  
et al. (2019)11

Subanálisis 
de ensayo 
clínico 
aleatorizado

Sweden 7144 2898 (40.6%) 4246 
(59.4%)

66.0 ± 11.5 66.0 ± 11.6 ASA: 2817, NR (97.2%), 
Clopidogrel: 1662,  
NR (57.4%),  
Ticagrelor: 731,  
NR (25.2%)  
Prasugrel: 243,  
NR (8.4%)

ASA: 3636, NR (85.6%) 
Clopidogrel: 2489,  
NR (58.6%)  
Ticagrelor: 578,  
NR (13.6%)  
Prasugrel: 338, NR (8%)

2169 
(74.8%)

3177 
(74.8%)

185 (125–320) 181 (118–327) NR NR

Giralt et al. 
(2015)9

Retrospective Spain 1326 758 (57.2%) 568 (42.8%) 61.3 ± 12.8 63.4 ± 12.8 ASA: 744, NR (98.2%) 
Clopidogrel: 742,  
NR (97.9%)

ASA: 531, NR (93.5%) 
Clopidogrel: 503,  
NR (88.6%)

618 
(81.5%)

434 
(76.4%)

107 (86–133) 105 (83–140) 5000 IU 5000 IU

Zijlstra  
et al. (2002)12

Retrospective The 
Netherlands

1702 860 (50.5%) 842 (49.5%) 59.0 ± 11.0 61.0 ± 11.0 ASA: 860, NR (100%) ASA: 842, NR (100%) 696 
(80.9%)

665 
(79.0%)

81 ± 43 26 ± 39 NR NR

ASA, acetylsalicylic acid; IU, international units; NR, not reported; UFH, unfractionated heparin.
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Table 2. Events from the studies

Study n
n (%) Open artery: TIMI grade 2-3 flow Major bleeding 30-day mortality

UFH Non-UFH UFH Non-UFH UFH Non-UFH UFH Non-UFH

Fabris et al. (2022)10 537 237 (44.1%) 300 (55.9%) 113 (47.7%) 87 (29.0%) 5 (2.1%) 6 (2.0%) 23 (9.7%) 28 (9.3%)

Emilsson et al. (2022)6 22 376 11 188 (50.0%) 11 188 (50.0%) 4233 (37.8%) 3263 (29.2%) 199 (17.8%) 199 (17.8%) 313 (2.8%) 395 (3.5%)

Bloom et al. (2021)7 2746 1373 (50.0%) 1373 (50.0%) 178 (13.0%) 128 (9.3%) 19 (1.4%) 26 (1.9%) 41 (3.0%) 48 (3.5%)

McGinley et al. (2020)8 1000 437 (43.7%) 563 (56.3%) 111 (25.4%) 136 (24.2%) 6 (1.4%) 5 (0.9%) 11 (2.5%) 47 (8.3%)

Karlsson et al. (2019)11 7144 2898 (40.6%) 4246 (59.4%) 1075 (37.1%) 1204 (28.3%) 47 (1.6%) 92 (2.2%) 76 (2.6%) 131 (3.1%)

Giralt et al. (2015)9 1326 758 (57.2%) 568 (42.8%) 229 (30.2%) 120 (21.1%) 9 (1.2%) 6 (1.1%) NR NR

Zijlstra et al. (2002)12 1702 860 (50.5%) 842 (49.5%) 263 (30.6%) 168 (20.0%) 43 (5.0%) 59 (7.0%) 26 (3.0%) 24 (2.9%)

Total 36 831 17 751 (48.0%) 19 080 (51.9%) 6202 (31.6%) 5106 (23.0%) 328 (4.3%) 393 (4.7%) 490 (3.9%) 673 (5.1%)

NR, not reported; TIMI: Thrombolysis in Myocardial Infarction; UFH, unfractionated heparin.

Heterogeneity: τ2 = 0.0045; χ2 = 12.64; df = 6; I2 = 53%
Test for overall effect: Z = 8.00 (P < .0001)
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Figura 2. Forest plot of the prevalence of TIMI grade 2-3 flow. References cited in this figure: Fabris et al.10, Emilsson et. al.6, Bloom et al.7, McGinley et al.8, 
Karlsson et al.11, Giralt et al.9, and Zijlstra et al.12. 95%C, 95% confidence interval; M-H, Mantel-Haenszel’s method; UFH, unfractionated heparin.
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Figure 3. Forest plot of the prevalence of 30-day mortality. References cited in this figure: Fabris et al.,10 Emilsson et al.,6 Bloom et al.,7 McGinley et al.,8 Karlsson et al.,11 
Giralt et al.,9 and Zijlstra et al.12. 95%C, 95% confidence interval; M-H, Mantel-Haenszel’s method; UFH, unfractionated heparin.

Heterogeneity: τ2 = 0.0001; χ2 = 11.08; df = 5; I2 = 55%
Test for overall effect: Z = –3.73 (P = .0002)
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countries with preliminary positive results (EuroPCR 2024 presen-
tation).19 In countries such as Denmark and Germany, and certain 
regions of Italy, STEMI care protocols include the administration 
of a single antiplatelet agent (acetylsalicylic acid) along with UFH.20 
Despite the absence of a clear recommendation regarding UFH in 
the guidelines, it can be inferred that protocol developers trust in 
the theoretically beneficial effect of UFH, complementing anti-
platelet therapy at the time of the first medical contact.

Study limitations

This study has inherent limitations related to its design. Observa-
tional studies, especially retrospective ones, are susceptible to 
various biases, including selection and confounding, as well as 
uncontrolled factors that may affect internal validity. However, 
several measures were taken to mitigate these biases and provide 
a robust interpretation of the findings, including a detailed sensi-
tivity analysis to assess result consistency. Moreover, heterogeneity 
was explored using the Harbord test, which yielded high p-values 
for publication bias, indicating no significant evidence of such bias 
influencing our results. Despite this, heterogeneity remains an 
inherent challenge in meta-analyses that include observational 
studies with varying designs and quality. This variability was docu-
mented using measures such as τ2 and considered in interpreting 
the findings.

Despite these limitations, the results remain valuable and should 
be interpreted with caution.

Another limitation is the heterogeneity in the number of patients 
included in the selected studies, the times for care and transfer, the 
doses of UFH administered, the definition of hemorrhagic compli-
cations, and the concomitant antiplatelet regimens used, all of 
which may have introduced bias.

CONCLUSIONS

The meta-analysis of retrospective studies and one clinical trial 
shows that pretreatment with UFH in patients with STEMI 
undergoing a primary angioplasty is associated with an increase 
in the initial TIMI grade 2-3 flow and a lower early mortality 
rate (figure 5). 

Specifically designed clinical trials are needed to establish the 
impact of early UFH administration, and current clinical practice 
guidelines should provide clearer recommendations on the optimal 
timing of UFH pretreatment in STEMI patients.
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ABSTRACT

Introduction and objectives: The Interventional Cardiology Association of the Spanish Society of Cardiology (ACI-SEC) and the 
Interventional Working Group of the Spanish Society of Pediatric Cardiology (GTH-SECPCC) present their 2023 annual activity report.
Methods: Participation was open to all Spanish centers with cath labs and interventional programs for congenital heart disease. 
Data was collected online and analyzed by an external company, and members from the ACI-SEC and the GTH-SECPCC.
Results: A total of 19 centers participated (15 public and 4 private). Interventional data on adult congenital diseases was contributed 
to the Registry of Hemodynamics and Interventional Cardiology of the ACI-SEC in 2023 by another 114 hospitals and, then, added 
to the analysis. A total of 1127 diagnostic studies (1.2% less than 2022) and 3856 interventional cardiac catheterizations (53.7% 
more than 2022) were registered, 2439 of which (65%) were performed on patients older than 18 years. The most widely performed 
procedures were foramen ovale closure (1498 cases), atrial septal defect closure (700 cases), transcatheter closure of the patent 
ductus arteriosus (344  cases) and aortic coarctation (221 cases). The most significant volume increment of cases was associated 
with ventricular septal defect closure (181%), foramen ovale closure (87%), and aortic coarctation (75%). Interventional procedures 
were considered successful in 98.3% of the cases, with rates of major procedural complication and in-hospital mortality of 1% and 
0.05%, respectively. 
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INTRODUCTION

Over the past 5 years, the collaboration between the Interventional 
Cardiology Association of the Spanish Society of Cardiology (ACI-SEC) 
and the Interventional Working Group of the Spanish Society of 
Pediatric Cardiology (GTH-SECPCC) has led to the consolidation of 
the Spanish cardiac catheterization in congenital heart diseases 
registry, substantiated thus far by the publication of its first 3 
reports on the activities conducted in 2020,1 2021,2 and 20223 
(figure 1). The first 2 reports demonstrated that the number of 
centers participating in the registry, although highly representative 
of pediatric activity, did not accurately reflect the activity of adult 
congenital heart disease conducted in Spain.4,5,6 Therefore, the 
analysis of the current report presented in this article, on the 
activity conducted in 2023, has incorporated—same as in the 
previous report—the interventional activity in congenital heart 
disease from the Registry of Hemodynamics and Interventional 
Cardiology of the ACI-SEC for that same year.7 This methodology 
has proven to more reliably quantify hemodynamic procedures in 
congenital heart disease across all age groups. The findings from 
this edition were presented on June 14, 2024, at the ACI-SEC 
Congress held in Las Palmas de Gran Canaria (Canary Islands, 
Spain).

METHODS

Data come from an annually updated, retrospective, voluntary, and 
non-audited registry. The inclusion of interventional data on 

congenital heart disease from the Registry of Hemodynamics and 
Interventional Cardiology of the ACI-SEC was possible due to the 
harmonization of questionnaires between the 2 registries conducted 
the previous year, which continued to undergo improvements.

All hospitals already participating in the Registry of Hemodynamics 
and Interventional Cardiology of the ACI-SEC, and all hospitals 
represented in the GTH-SECPCC, were asked to participate. Data 
was collected through an electronic database managed by an 
external company (pInvestiga España), which analyzed the registry 
results and compared them with those from previous years in 
collaboration with members of the GTH-SECPCC and the ACI-SEC 
board. Discrepant or particularly noteworthy data were cleaned and 
verified with the responsible investigator.

Due to the methodological characteristics of the study and the fact 
that it is only an activity registry, both the approval from the ethics 
committee and the processing of informed consent were deemed 
unnecessary.

RESULTS

Resources and infrastructure

A total of 19 hospitals participated (3 less than in 2021), of which 
15 belong to the public health care system and 4 to the private 
sector (table 1 of the supplementary data). In addition, the analysis 
incorporated data on adult congenital heart disease interventions 

Registro español de intervencionismo en cardiopatías congénitas.  
IV informe oficial de la ACI-SEC y el GTH-SECPCC (2023)

RESUMEN

Introducción y objetivos: La Asociación de Cardiología Intervencionista de la Sociedad Española de Cardiología (ACI-SEC) y el 
Grupo de Trabajo de Hemodinámica de la Sociedad Española de Cardiología Pediátrica y Cardiopatías Congénitas (GTH-SECPCC) 
presentan su informe anual de actividad hemodinámica en cardiopatías congénitas correspondiente al año 2023.
Métodos: Se invitó a participar a los centros españoles con laboratorio de hemodinámica y actividad intervencionista en cardiopatías 
congénitas. La recogida de datos fue telemática y su análisis lo realizó una empresa externa junto con miembros de la ACI-SEC y 
el GTH-SECPCC.
Resultados: Participaron en el registro 19 centros (15 públicos y 4 privados). Se incorporaron al análisis los datos de intervencio-
nismo en cardiopatías congénitas del adulto aportados por otros 114 hospitales al Registro de Hemodinámica y Cardiología Inter-
vencionista de la ACI-SEC del año 2023. Se registraron 1.127 estudios diagnósticos (1,2% menos que en 2022) y 3.856 cateterismos 
intervencionistas (53,7% más que en 2022), de los que 2.439 (65%) se realizaron en mayores de 18 años. Las técnicas más frecuentes 
fueron los cierres de foramen oval (1.498 casos), de comunicación interauricular (700 casos) y de ductus arterioso (344 casos), y la 
coartación de aorta (221 casos). Respecto al año anterior, se incrementaron significativamente las técnicas de cierre de comunicación 
interventricular (181%), cierre de foramen oval (87%) y coartación de aorta (75%). La tasa de éxito en los procedimientos inter-
vencionistas fue del 98,3%, con una tasa de complicaciones mayores del 1% y una mortalidad intrahospitalaria del 0,05%.
Conclusiones: Se presenta el informe del Registro español de intervencionismo en cardiopatías congénitas del año 2023. Se ha comu-
nicado un aumento muy significativo de los procedimientos terapéuticos, destacando el incremento en los cierres de comunicación 
interventricular y de foramen oval. Todas las técnicas intervencionistas han mostrado excelentes datos de seguridad y eficacia. 

Conclusions: We present the fourth Spanish cardiac catheterization in congenital heart diseases registry with data from 2023. We 
observed a significant rise in interventional procedures, notably ventricular septal defect and patent foramen ovale closures. Most 
interventional techniques continue to demonstrate excellent safety and efficacy outcomes.

Palabras clave: Cardiopatías congénitas. Cateterismo cardiaco. Cierre de comunicación interventricular. Implante percutáneo de válvula aórtica.

Keywords: Congenital heart disease. Cardiac catheterization. Ventricular septal defect closure. Transcatheter aortic valve implantation.
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from another 114 hospitals (15 more than in 2022) included in the 
2023 Registry of Hemodynamics and Interventional Cardiology of 
the ACI-SEC (table 2 of the supplementary data).

A total of 38 cath labs performing interventional procedures in 
congenital heart disease were registered, 7 of which (18.4%) only 
deal with pediatric procedures; 9 are equipped with biplane systems 
and 8 implement rotational angiography. The median number of 
monthly days dedicated to congenital heart disease interventions 
per hospital was 7 (range, 3–18) vs 6 days in 2022. Thirteen centers 
(68.4%) provide 24-hour emergency interventional care, including 
services for pediatric patients.

Regarding medical staff, a total of 68 interventional cardiologists 
were dedicated to this activity, including 36 (52.9%) specialized in 
adult interventions and 32 (47.1%) in pediatric interventions.

Diagnostic procedures

A total of 1127 diagnostic studies were recorded, representing a 
1.2% decrease compared with the previous year. The age distribu-
tion was as follows: 27 (2.4%) were performed in infants younger 
than 1 month, 95 (8.4%) in children aged 1 month to 1 year, 548 

(48.6%) in patients aged 1–18 years, and 457 (40.6%) in patients 
older than 18 years.

A total of 70 procedures (6.5%) were categorized as emergencies. 
Regarding morbidity, there were 5 cases (0.4%) of severe compli-
cations: 2 vascular events, 1 arrhythmia with severe hemodynamic 
instability and cardiorespiratory arrest, 1 anaphylactic reaction, and 
1 neurological event. There were no procedural deaths.

Interventional procedures

Reported activity increased by 53.7% compared with the previous 
year for a total of 3856 therapeutic catheterizations registered and 
categorized into 15 different groups. Their case distribution and age 
breakdown are shown in table 1. Of the 2439 procedures (63.2%) 
performed in patients older than 18 years, 2016 (82.7%) came from 
data added from the Registry of Hemodynamics and Interventional 
Cardiology of the ACI-SEC (table 2).

A total of 195 cardiac catheterizations were categorized as emer-
gencies (10.9% of all procedures for which this information was 
available). The volume of interventional procedures per center was 
as follows: 7 hospitals (36.8%) recorded > 150 cardiac catheterizations; 

Figure 1. Comparison of the number of interventional procedures in 2020, 2021, 2022, and 2023.
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Pulmonary branch angioplasty accounted for 196 procedures (a 16% 
decrease compared with 2022). In 95% of cases, proximal branches 
were dilated, while peripheral arteries (lobar-segmental) accounted 
for the remaining 5%. Stent implantation was used in 52% of 
catheterizations, conventional balloon dilation in 46%, and cutting 
balloon dilation in 2%.

A total of 221 aortic coarctation procedures were reported (a 75% 
increase compared with 2022). Anatomical data were available for 
139 procedures (62.8%), most of which (64%) were reinterventions. 
The site of dilation was the aortic arch/isthmus in all but 5 cases 
(4 abdominal aorta dilations and 1 ascending aorta dilation). The 
technique used included conventional balloon dilation in 28%, 
uncovered stent implantation in 26%, covered stent implantation 
in 32%, and repeat dilation of a previously implanted stent in 12%.

Finally, a total of 131 catheterizations were reported under the 
“other angioplasties” category, representing a 31% increase 
compared with the previous year, among them, 29 ductus arteriosus 
dilations and 7 surgical fistula dilations. Stent implantation was 
associated with 72% of these procedures.

Shunt closures and other occlusion procedures

A total of 1498 patent foramen ovale closures were reported (a 
112% increase compared with 2022), of which 1337 (90%) came 
from the Registry of Hemodynamics and Interventional Cardiology 
of the ACI-SEC (table 2). Adults accounted for 99.1% of all patients 
undergoing this procedure.

Atrial septal defect (ASD) closures saw a substantial increase, reaching 
700 procedures. This represents a 62% rise compared with 2022. 

3 hospitals (15.7%) between 75 and 150 procedures, and 9 (47.3%) 
< 75 procedures. The overall effectiveness reported for the different 
interventional techniques was 97.9%, with most procedures showing 
success rates exceeding 95% (table 3).

Transcatheter valvuloplasties

A total of 80 aortic valvuloplasties were reported for congenital 
aortic stenosis, reflecting a 19.4% increase from 2022. Two of these 
procedures were performed in fetuses. Sixty cases (75%) involved 
patients younger than 18 years, and in 77% of procedures, the 
dilation was performed on native, previously untreated valves.

A total of 166 pulmonary valvuloplasties were performed, marking a 
20% increase from 2022. This included 2 fetal catheterizations. Tech-
nical details were available for 143 cases, of which 115 (80.4%) 
involved native valves—15 of them (10%) imperforate. In 8 cases 
(5.5%), the procedure was combined with ductal stent implantation.

Mitral valvuloplasty was reported in 19 cases, only 1 of which was 
performed in a patient younger than 18 years.

Transcatheter angioplasties

A total of 108 right ventricular outflow tract dilations were recorded, 
which is a 20% decrease compared with 2022. Technical and 
anatomical data were reported for 89 procedures (82.4%); 55% 
involved angioplasty of native tracts, and the remaining 45%, angio-
plasty of surgical conduits. Conventional balloon dilation was 
performed in 52% of cases, and stent implantation in 48%.

Table 1. Number of interventional procedures and distribution by age groups

Variable Fetal < 1 month 1 month to 1 year 1-18 years > 18 years Total

Interventional procedures 4 (0.1) 165 (4.2) 281 (7.2) 967 (25) 2439 (63.2) 3856

Congenital aortic valvuloplasty 2 (2.5) 18 (22.5) 16 (20.0) 24 (30.0) 20 (25.0) 80

Congenital pulmonary valvuloplasty 2 (1.2) 43 (25.9) 44 (26.5) 19 (11.4) 58 (34.9) 166

Congenital mitral valvuloplasty – 0 0 1 (5.2) 18 (94.7) 19

Pulmonary angioplasty – 13 (12.0) 8 (7.4) 63 (58.3) 24 (22.2) 108

Pulmonary branch angioplasty – 5 (2.2) 48 (21.8) 109 (49.5) 58 (26.3) 220

Aortic coarctation – 7 (3.1) 34 (15.3) 69 (31.2) 111 (50.2) 221

Other angioplasties – 28 (21.3) 17 (12.9) 63 (48.0) 23 (17.5) 131

Patent foramen ovale closure – 0 0 12 (0.8) 1486 (99.1) 1498

Atrial septal defect closure – 0 7 (1.0)a 238 (34.0) 455 (65.0) 700

Ductus arteriosus closure 15 (4.3)b 20 (5.8)b 38 (11.1)b 208 (60.4) 63 (18.3) 344

Ventricular septal defect closure – 0 9 (9.6) 58 (62.3) 40 (37.9) 107

Other occlusions – 2 (2.3) 17 (20.0) 45 (52.9) 21 (24.7) 85

Foreign body removal – 1 (5.0) 3 (15.0) 15 (75.0) 1 (5.0) 20

Atrial septostomy and transseptal puncture 0 48 (75.0) 5 (7.8) 9 (14.0) 2 (3.1) 64

Transcatheter aortic valve implantation – 0 0 34 (36.5)c 59 (63.4) 93

Data are expressed as no. (%). 
a In this case, < 1 month and 1 month to 1 year are not collected separately, so the value corresponds to < 1 year. 
b For ductus arteriosus closure, the groups are premature (fetal), < 6 months (< 1 month) and 6 months to 1 year (1 month to 1 year). 
c Collected as < 18 years, so the value corresponds to < 18 years.
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Among the defects classified, 67% were complex, with the rest 
being simple. Guidance data were provided in 351 (50.1%) cases: 
transesophageal echocardiography was used in 82% procedures, 
angiographic balloon sizing in 15.9%, and intracardiac echocardi-
ography in 1.9%.

A total of 344 ductus arteriosus closures were performed. Patients 
aged 1–18 years accounted for 65.6% of these procedures, while 
premature infants represented 4.7%, with 15 cases reported 
(compared with 9.2% in 2022). Anterograde venous access was used 
in 63% of closures. Occluder devices were used in 81% of cases 
and controlled-release coils in the remaining ones.

There were 107 ventricular septal defect (VSD) closures, a 181% 
increase compared with the previous year. Anatomical substrate 
data were provided in 73 cases (68.2%): 54 (73.9%) perimembra-
nous, 14 (19.1%) muscular, and 5 (6.8%) postoperative. Occluder 
devices were used in 93% of cases, and coils in the remaining ones. 
Two devices were implanted via hybrid approach and the rest 
(97.2%) via transcatheter approach.

A total of 85 cardiac catheterizations were included under the 
“other occlusion procedures” category. Closure of systemic-to-pul-
monary collaterals accounted for 70% of these cases, and venous 
collateral occlusion for 14%. The most widely used materials were 
occluder devices (46.3%), followed by coils (34.1%) and particles 
either alone or in combination with other materials (18.2%).

Atrial septostomy

A total of 64 procedures were reported (an 11.1% decrease compared 
with the previous year). Regarding imaging support, echocardiog-
raphy was used in 16.5% of cases, fluoroscopy in 26.1%, and a 
combination of both imaging modalities in 57.4%. Fifty-two (81%) of 
these were balloon atrial septostomies (Rashkind). Additionally, 5 
procedures were performed with radiofrequency septal perforation, 
9 with needle perforation, and 8 with septal stent implantation.

Transcatheter valve implantation

A total of 93 procedures were reported, of which 51 (54.8%) were 
performed in adults. All procedures were performed via transcath-
eter approach, except for 1 case which required hybrid implanta-
tion. The pulmonary position was the most widely used (95.6%), 
with 4 valves being implanted in the tricuspid position. The 
anatomical substrates for pulmonary valve implantation were the 
native right ventricular outflow tract in 54 cases (58%), surgical 
conduits in 23 cases (24.7%), and valve-in-valve procedures in 16 
cases (17.2%).

Table 2. Number of interventional catheterizations in patients > 18 years and 
distribution according to origin registry

Interventional procedures 
> 18 years

Total RICCa RHCIb

Congenital aortic valvuloplasty 20 1 (5.0) 19 (95.0)

Congenital pulmonary valvuloplasty 58 22 (37.9) 36 (62.0)

Congenital mitral valvuloplasty 18 1 (5.5) 17 (94.5)

Pulmonary angioplasty 24 24 (100.0) 0 (0.0)

Pulmonary branch angioplasty 58 30 (51.7) 28 (48.3)

Aortic coarctation 111 29 (26.1) 82 (73.8)

Other angioplasties 23 23 (100.0) 0 (0.0)

Patent foramen ovale closure 1486 149 (10.0) 1337 (90.0)

Atrial septal defect closure 455 53 (11.6) 402 (88.4)

Ductus arteriosus closure 63 3 (4.7) 60 (95.2)

Ventricular septal defect closure 40 5 (12.5) 35 (87.5)

Other occlusions 21 21 (100.0) 0 (0.0)

Foreign body removal 1 1 (100.0) 0 (0.0)

Atrial septostomy and transseptal puncture 2 2 (100.0) 0 (0.0)

Transcatheter aortic valve implantation 59 59 (100.0) 0 (0.0)

Total 2439 423 (17.3) 2016 (82.7)

RHCI, Registry of Hemodynamics and Interventional Cardiology of the ACI-SEC; RICC, 
Spanish cardiac catheterization in congenital heart diseases registry of the ACI-SEC.
Data are expressed as no (%).
a Data provided by the 19 centers participating to the 2023 Interventional Cardiology in 
Congenital Heart Diseases Registry of the ACI-SEC and the GTH-SECPCC. 
b Data provided by 96 centers to the 2023 Registry of Hemodynamics and Interventional 
Cardiology of the ACI-SEC.

Table 3. Summary of reported efficacy of interventional procedures

Interventional 
procedures

n
n with success  
or ineffectiveness 
data

Success Ineffective

Congenital aortic 
valvuloplasty

80 65 (81.2) 59 (90.7) 6 (9.2)

Congenital pulmonary 
valvuloplasty

166 133 (80.1) 129 (96.9) 2 (1.5)

Congenital mitral 
valvuloplasty

19 19 (100) 18 (94.7) 1 (5.3)

Pulmonary 
angioplasty

108 89 (82.4) 81 (91.0) 8 (8.9)

Pulmonary branch 
angioplasty

220 193 (87.7) 181 (93.7) 12 (6.2)

Aortic coarctation 221 139 (62.8) 131 (94.2) 8 (5.7)

Other angioplasties 131 131 (100) 128 (96.9) 4 (3.0)

Patent foramen ovale 
closure

700 547 (78.4) 539 (98.5) 8 (1.4)

Atrial septal defect 
closure

1498 1188 (79.3) 1182 (99.4) 6 (0.5)

Ductus arteriosus 
closure

344 251 (72.9) 249 (99.2) 3 (1.1)

Ventricular septal 
defect closure

107 81 (75.7) 78 (96.2) 3 (3.7)

Other occlusions 85 85 (100) 85 (100.0) 0 (0.0)

Foreign body removal 20 20 (100) 20 (100.0) 0 (0.0)

Atrial septostomy and 
transseptal puncture

64 64 (100) 63 (98.4) 1 (1.5)

Transcatheter aortic 
valve implantation

93 92 (98.9) 91 (98.9) 1 (1.1)

Total 3856 3084 (79.9) 3034 (98.3) 63 (2.0)

Data are expressed as no (%). 
Percentage of success or ineffectiveness based on the number of procedures with 
available data.
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Complications

Morbidity and mortality data were available for 3738 interventional 
procedures. A total of 40 serious adverse events were reported 
(table 4), including 2 deaths, resulting in a major complication rate 
of 1.07% and a mortality rate of 0.05%. The categories with the 
highest morbidity were mitral and aortic valvuloplasties (5.2% and 
4.8%, respectively), atrial septostomy (4.6%), and VSD closure 
(3.4%). The most frequent complications were device embolizations, 
reported in 12 cases (30% of all complications): 8 in ASD and foramen 
ovale closures, 2 in ductus arteriosus closures, 1 stent in vascular 
angioplasty, and 1 in pulmonary valve implantation. In 3 ASD 
closures and 1 valve implantation, surgical retrieval of the embolized 
prosthesis was required; the rest were resolved via transcatheter 
approach. A total of 8 serious arrhythmia events occurred, including 
1 cardiac arrest which required extracorporeal membrane oxygen-
ation. Furthermore, there were 7 cases of vascular complications.

DISCUSSION

The most significant finding of this report is the considerable 
increase in recorded interventional procedures (3856), representing 
a 53.7% rise compared with 2022. The most notable increases were 
observed in VSD closures (181%), patent foramen ovale closures 
(112%), and interventions for aortic coarctation (75%). Another 
remarkable observation is that 62% (55% in 2022 and 31% in 2021) 
of all reported procedures were performed in patients older than 
18 years, confirming the growing volume of procedures in this age 
group. This trend likely reflects the broader expansion of structural 
heart procedures in Spain.7 Of note, as in the previous report, data 
from 114 hospitals (99 in 2022) reporting adult congenital heart 
disease procedures to the 2023 Registry of Hemodynamics and 
Interventional Cardiology of the ACI-SEC were included in the 
analysis. Comparisons with prior reports must be interpreted 
considering this methodology.

Nonetheless, most interventional categories recorded (10 out of 15) 
still concentrate the largest number of patients in the pediatric 
population (table 1). Additionally, fetal intervention activity remains 
minimal in Spain, with only 4 cases reported (2 aortic and 2 pulmo-
nary valvuloplasties), despite evidence supporting their value and 
efficacy across multiple prenatal scenarios.8

Reported success rates for the different interventional techniques 
yield an overall success rate of 98.3% (97.6% in 2022) and a mortality 
rate of 0.05% (0.2% in 2021). Although the voluntary and unaudited 
design of the registry could limit the strength of these findings, they 
remain the best reported to date and are consistent with most inter-
national studies.9,10 Similarly, the 1% rate of serious adverse events 
is the lowest recorded so far (1.4% in 2022). Device embolization 
remains the most frequent complication, accounting for 30% of all 
cases by arrhythmias (20%) and vascular complications (17.5%) in 
2023. Recent national studies have validated the usefulness of 
specific methodologies to assess expected risk of complications across 
different techniques and various clinical scenarios.11 Their applica-
tion could enhance the quality of information produced by these 
results and is expected to be incorporated in coming years.

Regarding valvuloplasties, the most notable development was the 
reporting of 19 mitral valve dilations—a category that had been nearly 
absent from previous reports. This technique, in use for more than 
40 years in adult interventional cardiology, has significantly evolved 
with the integration of 3D imaging modalities for patient selection 
and procedural guidance.12 Aortic and pulmonary valvuloplasties 
continue to rise (19% and 20%, respectively), mostly in the pediatric 
setting, reaffirming their role as first-line options for congenital valve 
stenosis in our environment. Of particular note within pulmonary 

Table 4. Distribution of major complications and reported deaths across 
different interventional procedures

Variable n Major complications Deaths

Congenital aortic 
valvuloplasty

80a (62) 3 (4.8)
– �1 severe aortic 

regurgitation
– 1 CPR-ECMO
– 1 death

1 (1.2)

Congenital pulmonary 
valvuloplasty

166b (133) 2 (1.5)
– 2 NS

0

Congenital mitral 
valvuloplasty

19 1 (5.2)
– 1 severe bradycardia

0

Pulmonary angioplasty 108c (89) 1 (1.1)
– 1 arterial dissection

0

Pulmonary branch 
angioplasty

220d (193) 1 (0.4)
– 1 NS

0

Aortic coarctation 221 3 (1.3)
– 1 severe arrhythmia
– 1 coronary occlusion
– 1 vascular injury

0

Other angioplasties 131 4 (3.0)
– 4 vascular injuries

0

Atrial septal defect 
closure

700 11 (1.5)
– �7 embolizations  

(3 surgical removals)
– 4 arrhythmias

0

Patent foramen ovale 
closure

1498 1 (0.06)
– 1 embolization

0

Ductus arteriosus 
closure

344 3 (0.8)
– 2 embolizations
– 1 aortic protrusion

0

Ventricular septal 
defect closure

107e (86) 3 (3.4)
– 1 atrioventricular block
– �2 hemodynamic 

instability

0

Other occlusions 85 1 (1.1)
– 1 embolization

0

Foreign dody removal 20 0 (0.0) 0

Atrial septostomy and 
transseptal puncture

64 3 (4.6)
– 1 neurological event
– 1 stent malapposition
– 1 vascular injury

0

Transcatheter aortic 
valve implantation

93 3 (2.1)
– �1 severe tricuspid 

regurgitation
– �1 embolization requiring 

surgery
– 1 death

1 (1,0)

Total 3856 (3738) 40 (1.07) 2 (0.05)

CPR-ECMO, cardiopulmonary arrest with need for extracorporeal membrane oxygen-
ator; NS, not specified.
Data are expressed as no (%). 
a Percentages calculated from 62 reported cases. 
b Percentages calculated from 133 reported cases. 
c Percentages calculated from 89 reported cases. 
d Percentages calculated from 193 reported cases. 
e Percentages calculated from 86 reported cases.
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valvuloplasties is the treatment of 15 cases of imperforate pulmonary 
valves. A transjugular approach might simplify such procedures, as 
recently demonstrated by a national group.13

In the angioplasty category, the most striking observation is the rise 
in reported cases of aortic coarctation (75% increase compared with 
2022); 50.2% of the 221 cases were reported in patients older than 
18 years. Dilations of the aortic arch and isthmus continue to account 
for most cases, with covered stent implantation increasingly estab-
lished as the preferred approach in this anatomical setting. The use 
of this technique in pediatric patients is also on the rise, driven by 
the availability of covered stents with lower delivery profiles, now 
applied to other congenital anatomical contexts too.14

Interatrial septal defect closures (patent foramen ovale and ASD) 
are the highest-volume procedures in the registry, accounting for 
57% of all cardiac catheterizations (38%, patent foramen ovale 
closure; 19%, ASD closure). Inclusion of patent foramen ovale 
closure in this registry, and its categorization as a congenital heart 
disease, is essential to maintain consistent criteria and compara-
bility with previous reports, especially given its massive growth in 
adult interventional procedures.7 While double-disc devices remain 
the most widely used with the largest cumulative experience, the 
emergence of suture-based devices has expanded transcatheter 
treatment options, offering an attractive alternative in selected 
patients.15 Furthermore, ASD closure experienced significant 
growth this year (62% more compared with 2022). Up to 33% of 
cases with anatomical data were categorized as complex, which 
along with an excellent safety (1.5% complication rate) and efficacy 
(97.5%) profile confirm the maturity of this technique in Spain.

Ductus arteriosus closure remains a predominantly pediatric tech-
nique (87% of cases in patients younger than 18 years). However, 
a significant decline was reported in premature neonates, who 
represented only 4.7% of cases this year (9.4% in 2022). This 
slowdown in adopting transcatheter options for neonates contrasts 
with continued international studies validating it over surgery.16

VSD closure showed the greatest growth among procedures (181%), 
with notable progress across all age groups. Safety and efficacy 
results continue to improve, with a rate of major complications 
reduced to 3.4% (compared with 18% in 2021 and 5.2% in 2022) 
and a success rate of 96.2% (compared with 77.3% in 2021 and 
96.7% in 2022). Occluder devices were used in 93% of cases. These 
results confirm a paradigm shift for the technique in Spain, driven 
by the introduction of new closure devices and technical modifica-
tions that facilitate the approach.17,18

Transcatheter aortic valve implantation increased slightly by 6.8%. 
Notably, 63.4% of these procedures were performed in patients 
older than 18 years, highlighting the growth of this technique in 
adult congenital heart diseases. As in previous reports, most were 
pulmonary valve implantations, with only 4 implantations being 
performed in the tricuspid position (2 in 2022). A major innovation 
in Spain is the availability of new self-expandable valve designs 
that broaden anatomical applicability—especially relevant for the 
58% of patients with a native pulmonary tract.19,20

Limitations

The design of the registry (retrospective, voluntary, unaudited) may 
weaken the robustness of its findings. Expanding the information 
collected on certain key techniques would improve report quality 
and should be considered in future editions.

CONCLUSIONS

The significant increase in the volume of interventional procedures 
recorded compared with previous years, along with the rise in the 

number of participant centers, is the primary finding of this report. 
This growth is accompanied by continued improvements in the 
safety and efficacy data of most techniques. The most prominent 
increases were observed in VSD closures, interatrial shunt closures, 
and aortic coarctation procedures. The data obtained offer a real-
istic representation of interventional activity in congenital heart 
disease across all age groups in Spain. 

An increase in participant centers and continued registry updates 
will enhance the quality and reliability of the information gener-
ated, reinforcing the relevance and usefulness of the registry.
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–	 The existence of this report ensures insight into the 
adoption and evolution of interventional techniques, as 
well as their outcomes.

–	 The information generated is of great value to profes-
sionals involved in this field of cardiology, as well as to 
patients and their families.

WHAT DOES THIS STUDY ADD?

–	 This report is the consolidation of the registry goal to 
provide realistic data on interventional activity in patients 
of all ages.

–	 A very significant increase in interventional procedures 
was reported in 2023, with the most notable growth 
observed in ventricular septal defect closure, patent 
foramen ovale closure, and aortic coarctation.

–	 Foramen ovale, atrial septal defect, and ductus arteriosus 
closures remain the procedures with the highest volumes.

–	 Device embolizations and arrhythmias led the list of 
procedural adverse events this year.
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ABSTRACT

The gender gap in interventional subspecialties is largely due to concerns about occupational radiation exposure. The belief that 
it is not possible to continue working in cath labs during pregnancy is perceived by many female physicians as a barrier to develop 
their career or fulfill their motherhood wishes. Many physicians are unaware of the doses of ionizing radiation that are harmful 
for the fetus, which is the dose received by women who continue to work in cath labs throughout their pregnancies, or do not 
know the existing regulations. The Interventional Cardiology Association of the Spanish Society of Cardiology (ACI-SEC), the Heart 
Rhythm Association of the Spanish Society of Cardiology (ARC-SEC), the Spanish Society of Vascular and Interventional Radiology 
(SERVEI), the Spanish Society of Neuroradiology (SENR), the Spanish Society of Medical Radiology (SERAM), and the Society of 
the Spanish Group of Interventional Neuroradiology (GeNI) consider it necessary to draft this informative document and joint 
position paper to provide female physicians with the necessary knowledge to make fully informed decisions on whether to choose 
an interventional subspecialty or work exposed to ionizing radiation during their pregnancy.
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INTRODUCTION

The percentage of women in subspecialties with exposure to 
ionizing radiation (IR) is significantly lower compared with men1-5 
in a society where women largely outnumber men in medical schools. 
Only 25% of the members from the Interventional Cardiology 
Association of the Spanish Society of Cardiology (ACI-SEC)6,7 are 
women, 28% of the members of the Spanish Society of Vascular 
and Interventional Radiology (SERVEI),8 and 34.5% of professionals 
accredited as electrophysiology specialists.9 Similarly, in other 
medical societies, such as the Society of the Spanish Working Group 
of Interventional Neuroradiology (GeNI), the percentage of women 
is even lower, currently at 22%.

One of the reasons for this gender gap is the belief that professional 
activity is incompatible with IR exposure during pregnancies.10-12 
There is a lack of knowledge about the IR doses that have delete-
rious effects on the fetus, the dose received by a pregnant worker 
who remains active in the cath lab, and the current legislation on 
this issue. Furthermore, there is no homogeneity in occupational 
hazard prevention and radiological protection (RP) services across 
various health care centers when issuing recommendations on 
whether women are fit to continue working in an environment with 
IR exposure once pregnancy has been declared. Thus, in some 
centers, pregnant women can keep on working with IR exposure, 
while in others they are removed from their positions. On the other 
hand, women who decide to avoid working in an environment with 
IR exposure during pregnancy and change positions within their 
departments during gestation also face problems, as their career 
development and remuneration are altered during that period. In 
fact, they sometimes find little support when trying to come back 
to their pre-pregnancy job. The confusion, lack of information, and 
absence of unanimous criteria when determining the professional 
occupation of women during this period influence their decision to 
rule out training in these subspecialties and lead to their profes-
sional development being diminished or slowed down.

Therefore, ACI-SEC, the Heart Rhythm Association of the Spanish 
Society of Cardiology (ARC-SEC), the Spanish Society of Vascular 

and Interventional Radiology (SERVEI), the Spanish Society of 
Neuroradiology (SENR), the Spanish Society of Medical Radiology 
(SERAM), and the GeNI Society have deemed it necessary to prepare 
this document, which is not only informative but also a consensus 
document on those IR doses that have demonstrated deleterious 
effects on the fetus, the average dosimetry received by a worker who 
remains active in the cath lab during pregnancy, what the Spanish 
current legislation actually says, and what advice and recommenda-
tions are considered reasonable for exposed professionals, in accor-
dance with available scientific evidence and current regulations.

The objective of this document is to provide professionals with the 
necessary knowledge to make a fully informed decision on whether 
to choose an interventional subspecialty and continue with their 
job during gestation.

BIOLOGICAL EFFECTS OF IONIZING RADIATION ON THE 
FETUS

IR interferes with cell multiplication, especially in tissues with a 
high replication rate.13 Exposure to IR during the fetal period can 
lead to intrauterine growth restriction, malformations, tumors, and 
even fetal death. The risk depends on the magnitude and temporal 
distribution of the exposure, as well as the gestational age at which 
it occurs. Table 1 illustrates the IR-induced tissue reactions in the 
embryo or fetus, according to the gestational period, and the radi-
ation threshold value.

Radiation exposure, measured by the magnitude “absorbed dose” 
or kerma, is defined as the radiation energy received by an organ 
or tissue per unit mass and measured in milligray (mGy). The same 
absorbed radiation dose can cause a different biological effect 
depending on the ionizing agent emitting it, hence the term “equiv-
alent dose,” which is the absorbed dose corrected by a weighting 
factor measured in millisievert (mSv). Since the radiation weighting 
factor for X-rays is 1, in this case, both the absorbed and the 
equivalent doses are numerically equal, with 1 mGy of absorbed 
dose being equal to 1 mSv of equivalent dose.14

Abbreviations

CSN: Spanish Nuclear Safety Council. EURATOM: European Atomic Energy Community. IR: ionizing radiation. RD: Royal Decree. 
RP: radiological protection. 

Exposición ocupacional a radiación ionizante en profesionales gestantes. 
Documento de consenso de ACI-SEC/ARC-SEC/SERVEI/SENR/SERAM/GeNI

RESUMEN

La exposición a radiaciones ionizantes subyace en la brecha de género existente en subespecialidades intervencionistas. La creencia 
de que no es posible continuar trabajando en la sala durante el embarazo es percibida como un impedimento para el desarrollo 
profesional o para llevar a cabo los deseos genésicos. Muchas profesionales desconocen qué dosis de radiaciones ionizantes son 
deletéreas para el feto, cuál es la dosis recibida si se mantiene la actividad en la sala durante el embarazo y cuál es la normativa 
vigente. Desde la Asociación de Cardiología Intervencionista de la Sociedad Española de Cardiología (ACI-SEC), la Asociación del 
Ritmo Cardiaco de la Sociedad Española de Cardiología (ARC-SEC), la Sociedad Española de Radiología Vascular e Intervencionista 
(SERVEI), la Sociedad Española de Neurorradiología (SENR), la Sociedad Española de Radiología Médica (SERAM) y la Sociedad 
del Grupo Español de Neurorradiología Intervencionista (GeNI) se considera necesario este documento informativo y de consenso, 
para proporcionar a las profesionales el conocimiento necesario para tomar decisiones plenamente informadas en cuanto a la 
elección o no de una subespecialidad intervencionista y la decisión de mantener o no una actividad con exposición a radiaciones 
ionizantes durante el embarazo.
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IR can cause deleterious effects through deterministic and stochastic 
effects. The former have dose thresholds with intensity being 
proportional to the magnitude of the radiation. They are constant, 
reproducible, and related to moderate-to-high doses due to direct 
damage to multiple cell lines. The term “tissue reaction”15 is recom-
mended as it better reflects the mechanism of damage and the 
dose-response relationship. The latter have no dose threshold, are 
caused by random damage to cellular genetic material, and show 
as growth and multiplication changes. Although a linear risk-expo-
sure relationship with no minimum threshold is assumed, there is 
greater uncertainty surrounding this relationship at low dose levels 
(< 0.1 Gy).15 Their severity is independent of exposure.

General effects of radiation during the embryonic  
and fetal period

Evidence of these effects in humans comes from longitudinal 
studies of survivors of nuclear disasters, pregnant women exposed 
to medical or occupational radiation, and case-control studies of 
childhood leukemias and tumors.16 The only experimental studies 
have been conducted with animals.13 The magnitude of exposure 
is the main determinant of damage. Thus, irradiation at moderate-
to-high doses can cause abortions, malformations, intellectual 
disability, and intrauterine growth restriction;17,18 at low doses, 
results are inconsistent. Damage varies depending on the stage of 
pregnancy. Within the first few weeks of gestation, there is greater 
radiosensitivity; each organ has critical weeks that are consistent 
with its organogenesis.19 As the fetus matures, the damage progres-
sively decreases.18 Dose fractionation causes less damage than a 
single dose of the same intensity but shorter duration.18,20

Risk of fetal damage at moderate doses

Moderate doses are those between 100 mGy and 1 Gy. These have 
been recorded mainly in nuclear disasters and medical procedures, 
such as radiotherapy. These doses are not reached in the cath lab 
setting. Up to the 4th gestational week, doses of 0.1-0.2 Gy can be 
lethal.13,18 Doses > 2 Gy at any stage of pregnancy are associated 
with fetal death.21 This effect is an “all or nothing” phenomenon, 
where a sufficiently intense aggression can cause the death of the 
embryo or be completely repaired, given the high capacity for 
repair and differentiation of pluripotent cells.17 The threshold for 
the appearance of malformations stands between 1 Gy and 2 Gy,14 
highlighting alterations in brain development, ocular, musculoskel-
etal, and genital systems. The most sensitive period corresponds to 
gestational weeks 8-25, followed by weeks 16-25. Fetal suscepti-
bility decreases significantly after the 26th gestational week.20,22 
Doses > 200 mGy have been associated with intrauterine growth 

restriction, low birth weight, shorter height, and decreased head 
circumference.20 Moreover, intellectual disability17 is associated 
with high doses of radiation. The central nervous system is espe-
cially radiosensitive during gestational weeks 8-25, specifically 
weeks 8-15, a period known as the “cortical sensitivity window”.13 
Doses > 100 mGy are related to a decrease in intellectual quotient 
and risk of severe intellectual disability. This effect has been 
attributed to direct cell death and neuronal migration alterations. 
The high plasticity and redundancy of brain tissue could be the 
cause of the absence of effects below these doses. Doses < 100 
mGy have not shown an association with fetal alterations or 
abortions.23

Risk of fetal damage at low doses

Low doses are those < 100 mSv, especially < 50 mSv. These doses 
can be reached in therapeutic procedures, while the doses involved 
in occupational exposures, living in regions of widespread environ-
mental radiation, or frequently taking transatlantic flights are 
negligible. The appearance of tumors throughout life is their main 
stochastic effect, lacking safe minimum values.18,24 However, 
confirming this effect and estimating its magnitude present great 
methodological difficulties due to its low incidence rate, high 
latency, and low number of irradiated pregnant women.15 For this 
reason, results have been disparate.

Follow-up until 2012 of cohorts exposed to nuclear bombings found 
a higher mortality rate due to solid tumors only from adulthood in 
daughters of women exposed to this radiation, with an estimated 
mean dose received by these pregnant women of 123 mGy.25 This 
finding is only partially consistent with studies conducted in Europe 
after the Chernobyl accident, which only found a possible increase 
in thyroid tumors in uteri exposed to radioactive iodine release.26 
Nonetheless, there was not an increased risk of childhood 
leukemia.27 In other nuclear accidents, studies of populations living 
close to nuclear facilities or nuclear test sites have not found any 
changes in the incidence rate of childhood cancer.15 Studies on 
occupational exposures have not demonstrated an increased risk of 
cancer after in utero exposures in the nuclear industry28 or medical 
radiology.29

Regarding the exposure of pregnant women to radiological tests, 
most are case-control studies. One of the main sources was the 
Oxford Survey of Childhood Cancer, from which the first studies 
emerged linking in utero exposure to childhood cancer.24 This 
research allowed for estimating a first absolute excess risk of cancer 
mortality of 500-650/10 000 people/year/Gy, updated to a relative 
risk excess of 51%/10 mGy for leukemia and 46%/10 mGy for other 
solid tumors.16 In 1982, data from these studies were used to 

Table 1. Tissue reaction to ionizing radiation in the embryo or fetus according to gestational period and threshold value

Gestational period Effect Estimated radiation threshold

Pre-implantation (0-2 weeks post-conception) Embryo death or no effect 50-100 mGy

Organogenesis (2-8 weeks) Congenital malformations (skeletal, eyes, genitals) 200 mGy

Growth retardation 200-250 mGy

8-15 weeks Severe intellectual disability (high risk of occurrence) 60-310 mGy

Decrease in intellectual quotient 20 IQ points/100 mGy

Microcephaly 200 mGy

16-25 weeks Severe intellectual disability (low risk of occurrence) 250-280 mGy

Adapted with permission from Cheney et al.21.
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estimate the probabilities of childhood cancer and malformations 
according to the exposure level (table 2). These values are the most 
widely used to this date.30

A review of the main studies found an association between in utero 
irradiation and leukemias or solid tumors, mainly in older cohorts.31 
However, longitudinal studies with cohorts of pregnant women 
who underwent radiodiagnostic tests did not yield significant 
findings.32 

Experimental studies with mice have found an increase in ovarian 
cancer with single doses of 0.25 Gy,33 and lymphoma with single 
doses of 0.18 Gy.34 Other studies, however, have not found changes 
to the incidence rate with doses of 2-3 Gy, except when these doses 
were administered after birth.35

EUROPEAN AND SPANISH LEGISLATION

The exposure of workers to IR is regulated by both national and 
international agencies. The European Atomic Energy Community 
(EURATOM) is a European public organization that coordinates 
nuclear energy research programs and develops regulations. These 
regulations are based on guidelines from the International Atomic 
Energy Agency, which, in turn, draws upon recommendations from 
the International Commission on Radiological Protection. The latter 
is an autonomous organization composed of experts in radiation 
protection. The European Union EURATOM treaty sets out the RP 
legislation that member states must adopt and transpose into their 
own national laws.

In Spain, the only competent organization in matters of nuclear 
safety and RP is the Consejo de Seguridad Nuclear, the Spanish 
Nuclear Safety Council (CSN), an independent entity of the Spanish 
General State Administration, which regulates the operation of 
nuclear and radioactive facilities, proposing regulations and stan-
dards. The instructions from the CSN become binding after publica-
tion in the Spanish Boletín Oficial del Estado (Official State Bulletin). 

In 2013, the International Commission on Radiological Protection 
developed radiological protection (RP) guidelines for cardiology. 
These guidelines were subsequently adopted by EURATOM in 
Directive 2013/59.36 These guidelines and Article 10 of the 
EURATOM Directive state that pregnancy does not imply the 
exclusion of women from their job, but rather that working condi-
tions must be carefully evaluated to ensure the safe limit of 1 mSv 
for the fetus throughout the pregnancy. This 1 mSv limit is estab-
lished because it is considered that the protection of the fetus 
should be comparable to that of any person, who should not receive 

> 1 mSv in 1 year due to activities derived from the operation of 
nuclear and radioactive facilities. The transposition of European 
regulations in Spain is embodied in the form of Royal Decrees (RD). 
The RD applicable to the occupational exposure of pregnant 
workers are RD 298/200937 and RD 1029/2022.38 The former incor-
porated Annex VIII, which details a list of agents to which pregnant 
workers should not be at risk of exposure, including IR. This RD 
specifies that pregnant workers may not carry out activities that 
pose a risk of exposure to these agents if, according to the conclu-
sions obtained from risk assessment, this may endanger their health 
or that of the fetus. Article 12 of RD 1029/2022 literally transposes 
Article 10 of the EURATOM Directive, establishing the same limit 
of 1 mSv during pregnancy. This RD repeals previous RD 783/2001 
and 413/1997 on the protection of workers at risk of IR exposure, 
as well as all norms of equal or lower rank that contradict or oppose 
the provisions of this RD.

In 2016, the CSN approved the document “Protection of pregnant 
workers exposed to IR in the health care setting”39 specifying that, 
“as a general rule, the condition of pregnancy of an exposed profes-
sional does not imply her automatic withdrawal from work; what 
is necessary is to review her working conditions to comply with 
current regulations,” and that “pregnant workers may not carry out 
activities that involve a risk of exposure to IR if, according to the 
conclusions obtained in a risk assessment, there may be danger to 
their safety, their health, that of the child, or that of the fetus.” 
Furthermore, the document states that “from the moment a preg-
nant woman communicates her condition, the protection of the 
fetus must be comparable to that of the rest of the population. 
Therefore, the equivalent dose to the fetus must be as low as 
reasonably achievable (ALARA criteria),13 so that it is unlikely to 
exceed 1 mSv, at least from the communication of her condition 
until the end of her pregnancy.” Although this dose of 1 mSv is 
established for 1 cm depth, the actual depth at which the fetus is 
located is greater, and dose attenuation occurs due to the abdominal 
wall and the uterus. According to some models, the dose received 
by the fetus is 0.27% of that measured by the surface dosimeter 
during the first trimester, 0.23% during the second, and 0.17% 
during the third trimester. Thus, the CSN establishes that, in prac-
tice, the limit during pregnancy is 2 mSv on the abdominal dosim-
eter, or an equivalent dose received by the fetus of 1 mSv.14,40,41

MEANS OF PROTECTION VS IONIZING RADIATION

Exposure to IR requires RP measures for both patients and the 
health care personnel.42 Pregnant professionals must implement 
extraordinary measures.

Use of personal protective equipment

Lead aprons are a primary barrier that protects the organs most 
sensitive to radiation. They are designed to absorb and scatter 
radiation, significantly reducing the dose received by personnel. A 
lead apron, composed of a vest and skirt, with a lead thickness of 
0.25 mm, is sufficient during gestation, as the overlap of the 2 
layers of the skirt on the anterior abdominal wall provides protec-
tion equivalent to 0.5 mm, thus attenuating 98% of scattered radi-
ation, which is the main source of radiation. As the abdomen grows, 
a larger apron should be used to ensure the double layer on the 
anterior abdominal wall. There are specific aprons for pregnant 
women that add an extra layer to the double layer of the skirt on 
the anterior abdominal wall. During the first trimester, 0.5 mm lead 
gonad shields can be internally attached to the lead skirt14,43,44. 
Although adding additional skirts or aprons would minimally 
reduce radiation, it could lead to musculoskeletal problems. Both 
during gestation and lactation, complete breast protection must be 

Table 2. Increased risk of malformations and childhood cancer according to 
received dose

Embryo or fetus 
dose (mSv)

Absence of 
malformations 
(%)

Absence of 
childhood 
cancer (%)

Absence of 
malformations or 
childhood cancer (%)

0 96.00 99.93 95.93

0.5 95.99 99.92 95.92

1 95.99 99.921 95.92

5 95.99 99.89 95.88

10 95.98 99.84 95.83

Adapted with permission from Wagner et al.30. The table was prepared assuming a dose 
increase above existing environmental radiation.
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ensured, as breast tissue is particularly radiosensitive; for this, 
aprons of the appropriate size for each worker should be used, 
avoiding uncovered areas in the axillary region that could expose 
the breasts.

Training and continuous education in RP

Health care personnel must be aware of the risks and available 
protective measures. Working as far as possible from the radiation 
source, raising the table as much as possible, and being as efficient 
as possible with emitted radiation doses are basic measures in any 
circumstance. If feasible, pregnant workers should avoid partici-
pating in long procedures, due to both IR exposure and prolonged 
static standing. Similarly, since the embryo or fetus is more radio-
sensitive within the first gestational weeks, it is reasonable to 
abstain from participating in examinations with IR exposure during 
the first trimester.

The design of the work environment is critical. Cath labs must be 
equipped with lead barriers and protective screens to minimize 
exposure and reduce the amount of scattered radiation. They are 
an indispensable protective tool during pregnancy, as they atten-
uate 99% of scattered radiation and reduce overall radiation expo-
sure by 50%-75%.43,45,46

Finally, monitoring radiation exposure is an essential measure. 
Personal dosimeters allow continuous monitoring of the received 
radiation dose and record cumulative exposure. They ensure that 
doses remain within the limits established by regulations and help 
identify risk situations that require corrective measures. The history 
of each worker’s cumulative exposure helps identify trends. In the 
case of pregnant women, there are dosimeters with real-time read-
ings45,47 that allow confirming that the permitted dosimetry is not 
exceeded, both monthly and at any given time. The personal dosim-
eter must be changed monthly and worn in the appropriate place; 
for the abdominal dosimeter, it will be under the lead apron to 
record the equivalent dose received beneath it. Incorrect use of the 
dosimeter prevents RP services from evaluating the dose the worker 
receives in her usual work and, consequently, whether she can 
continue working during pregnancy.

BACKGROUND RADIATION, OTHER DAILY LIFE RADIATIONS, 
AND OCCUPATIONAL DOSE

Understanding the doses received by the population allows for 
putting occupational doses into perspective. The average annual 
exposure to background radiation ranges between 1 mSv and 2.3 
mSv;14 this radiation comes from radon in the air, cosmic radiation 
from space, and natural radioactivity in soil and building materials. 
Radon is a radioactive gas emitted by soil and rocks that accounts 
for 50% of a person’s annual radiation dose, approximately 1.3 
mSv.48 Radioactive materials from the Earth’s crust, such as 
uranium, thorium, and potassium, represent an average annual 
exposure of 0.5 mSv. Cosmic radiation, from high-energy particles 
from outer space that penetrate the atmosphere, represents an 
average annual exposure of about 0.3 mSv at sea level. On a long-
haul flight, the average radiation is about 0.003-0.0097 mSv/h.49 
Internal radiation from radioactive isotopes in food and water, such 
as potassium-40 and carbon-14, generates an average absorbed 
radiation dose of 0.3 mSv per year.50,51 Background radiation varies 
depending on the area where one lives; for example, in some places 
in Galicia (Spain), 1.45 mSv of annual environmental radiation is 
reached.52 Considering these data and the dosimetric information 
of workers who have maintained their activity in the cath lab 
during pregnancy, the occupational dose received during pregnancy 
can be even lower than the dose received as a result of background 

radiation.25-27,53,54 Similarly, a round-trip transatlantic flight can 
expose a person to 0.1 mSv due to cosmic radiation at high altitude. 
This IR dose is similar to that of a chest X-ray and greater than the 
doses received by most interventional women who keep working 
in the cath lab throughout pregnancy45 (figure 1).

Regarding occupational doses, the periodic reports issued by the 
CSN provide information on the dose received by workers exposed 
to IR in Spain. According to these reports, in 2023, 127 234 workers 
in Spain were dosimetrically controlled,55 of whom 96% received 
< 1 mSv, with 0.6 mSv/year being the average dose received by 
workers in medical radiodiagnostic centers. Even so, to make an 
informed decision, we need to know the doses received by inter-
ventional women who continue working in the cath lab during 
pregnancy. Table 3 illustrates the doses reported through question-
naires or direct interviews with women who continued working in 
the cath lab during pregnancy; although this information is very 
limited due to the small number of exposed pregnant workers, the 
doses registered on abdominal dosimeters are < 1 mSv in all 
cases.12,43,45

However, the dose received by a worker depends on the number 
and type of procedures performed, whether she is the primary 
operator, the patient’s body mass, the fluoroscopy-cine time, tech-
nical aspects of the X-ray machine, and the radiation protection 
measures adopted. Therefore, if the worker decides to keep on 
working in the cath lab during pregnancy, the received dose can 
be reduced by modifying usual activity, keeping it as low as 
possible, below the maximum permitted by the current legislation. 
Regarding on-call duties, when deciding whether to continue 
performing them during gestation, the worker should take into 
consideration that most procedures performed during these will be 
therapeutic, and some of them can be prolonged, leading to greater 
exposure and long periods of standing.

DISCUSSION

One of the duties of scientific societies is to respond to the problems 
and concerns of the professionals they represent promoting initia-
tives that reduce gender bias in the workplace. According to surveys 
and published works, occupational exposure to IR is one of the 
reasons that lead to a gender bias in subspecialties such as inter-
ventional cardiology, electrophysiology, or interventional 
radiology.1,56 The belief that pregnant workers cannot perform 
activities with occupational IR exposure causes professionals to 
perceive difficulties in these subspecialties in reconciling profes-
sional development with motherhood, which leads them to self-ex-
clude. However, considering the review of doses that have demon-
strated biological effects on the fetus25-27,53,54, there is no risk of 
abortion with received doses < 50 mSv, nor risk of deterministic 
effects, such as malformations or intellectual disability with doses 
< 60 mSv.18,23 We should remember that the rate of early sponta-
neous abortion in pregnancies known to women is 10%-20%,57 
which is a multifactorial event. Regarding stochastic effects, there 
is no evidence either of a higher risk with doses < 50 mSv.15,27

Occupational exposure to IR during pregnancy is regulated in 
Europe by directives that take into consideration the recommenda-
tions of the International Commission on Radiological Protection. 
In Spain, the regulations governing the dose that the fetus can 
receive due to the mother’s occupational activity during pregnancy 
are included in several RD and have been developed following the 
recommendations made by the CSN.37-39 The fetus is considered a 
member of the general population and, like anyone else, cannot 
receive > 1 mSv/year. This postulate is one of the most conserva-
tive ones, since the International Commission on Radiological 
Protection establishes this limit of 1 mSv for the fetus, and the 



251M. Velázquez Martín et al. REC Interv Cardiol. 2025;7(4):246-254

National Council on Radiation Protection and Measurements estab-
lishes a threshold limit for the fetus of 5 mSv.58 This is so because, 
in the United States, employers prioritize the rights of pregnant 
workers from an anti-discrimination perspective, while European 
legislation policies prioritize fetal safety. Australia and Israel set the 
bar at 1 mSv throughout pregnancy too, and Japan sets a threshold 
limit of 2 mSv.45

Both deterministic and stochastic effects present a threshold for 
onset several orders of magnitude higher than occupational doses. 
Furthermore, they are very far from the doses received by profes-
sionals who have kept on working in the lab during pregnancy, 
since in none of the published works has the received dose been 
> 1 mSv.45 Table 2 illustrates the spontaneous risk of congenital 
malformations in newborns (4%) and the spontaneous probability 

Table 3. Published data on occupational doses of pregnant workers with ionizing radiation exposure

Country
No. of pregnancies/No. of 
interventional workers

Protection used Dose received during gestation Outcome

Spain 15 pregnancies / 11 interventional 
cardiologists or electrophysiologists

Standard vest + skirt (7/15)
Extra skirt or additional gonadal 
protection (8/15)

Background dose (8/15)
0.2 mSv (2/15)
< 1 mSv (3/15)
Not reported (2/15)

14/15 normal gestations
1/15 placental insufficiency

France 8 pregnancies / 5 interventional 
cardiologists or electrophysiologists

Standard vest + skirt (5/8)
Additional mobile protective 
screen (3/8)

Background dose (7/8)
0.2 mSv (1/8)

8/8 normal gestations

New Zealand Isolated cases of pregnancies in 
interventional cardiologists and 
electrophysiologists

Information not available in  
the study

Monthly monitoring described with 
abdominal dosimeter clearly below 
the dose threshold

All gestations reported as normal

Australia 21 pregnancies / 11 interventional 
cardiologists or electrophysiologists

2 pregnancies left the cath lab 
for 6-9 weeks

Monthly monitoring described with 
abdominal dosimeter clearly below 
the dose threshold

Outcomes reported as comparable 
to those of the non-exposed 
population

Figure 1. Central illustration. Comparison between ionizing radiation doses causing stochastic or deterministic effects in the fetus, doses due to natural or 
medical radiation sources, and occupational doses.14 (Created with BioRender.) CT, computed tomography; IR, ionizing radiation; Rx, X-rays.
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of a child developing cancer in childhood (0.07%). The increase in 
the probability that the fetus will have a malformation at birth or 
develop cancer in childhood if it receives 1 mSv during gestation 
would be 0.008% above the spontaneous risk, that is, an extremely 
low increase in risk.30

In Europe, Austria, Hungary, Italy, Portugal, and Romania have not 
transposed the EURATOM directive into their own legislations and 
do not allow women to work in the lab during pregnancy.45 Further-
more, in Spain, the occupational risk prevention and RP services 
of some centers, in full compliance with Annex VIII of the 2009 
RD,37 declare the worker “unfit” to keep on working during preg-
nancy. However, this measure would not be justified for several 
reasons. Firstly, because the 2009 RD specifies that a pregnant 
worker may not carry out activities that pose a risk of exposure if, 
according to the conclusions obtained from the risk assessment, this 
may endanger her safety or health or that of the fetus, which is not 
the case if the dose threshold of 1 mSv is respected. Secondly, 
because the 2022 RD establishes that the working conditions of 
pregnant women shall be such that the equivalent dose to the fetus 
should be as low as reasonably achievable, in such a way that the 
dose does not exceed 1 mSv, at least since the worker communi-
cated her condition until the end of pregnancy, which implies that 
it is possible to continue working during pregnancy if said limit is 
not exceeded. A third reason would be that, as stated in the health 
surveillance guide for occupational risk prevention prepared by the 
Spanish Ministry of Health, Consumer and Social Welfare, the 
preferred way to communicate the results of health surveillance, 
from an occupational risk prevention perspective, is in the form of 
preventive recommendations.59 This document only considers that 
the qualification of “unfit” should be applied when there is a high 
probability of harm to the health of the worker or to any third 
parties and workplace adaptation is not possible, recommending in 
all other cases the qualification of “fit with adaptation measures”.59 
As we have seen, in the case of occupational exposure to IR, the 
probability of harm to the health of third parties (fetus) is not high, 
since occupational doses are < 1 mSv. Moreover, workplace adap-
tation is possible by providing the worker with an abdominal 
dosimeter, even with real-time reading, to closely monitor the dose 
received, thus increasing protection with a specific lead apron for 
pregnant women or with gonadal shields, and even excluding the 
pregnant woman from procedures associated with high IR doses, 
while preserving her usual activity in the cath lab. Therefore, the 
qualification that should be given to workers exposed to IR when 
they become pregnant is “fit with adaptation measures”.59

Of note that declaring a professional “unfit” to perform her job 
during pregnancy removes her from her usual work environment 
interrupting her working projects and procedures in which she is 
involved. Furthermore, sometimes after pregnancy and maternity 
leave, women are not easily reintegrated into the professional 
projects they were developing in their departments before gesta-
tion. All this constitutes a situation of workplace inequality, a 
slowdown in professional development, and a loss of opportunities 
compared with their male colleagues, an unjustified prejudice if we 
adhere to the scientific evidence and current Spanish legislation.

Therefore, greater efforts must be made by scientific societies, the 
CSN, and the Spanish Ministry of Health to promote the dissemi-
nation of knowledge about the deleterious effects of IR, the doses 
that cause them, and the doses to which pregnant women with 
occupational exposure are exposed. Initiatives are needed to recog-
nize, make visible, and solve the difficulties these professionals 
face. It’s also crucial to engage officials at the Spanish Ministry of 
Labor, as they oversee occupational risk prevention services. The 
goal is to raise awareness about the need for clearer regulations 
regarding pregnant professionals in laboratory settings. This would 
eliminate any ambiguity about their legal permission to continue 

working, provided the radiological protection department approves 
based on their dosimetry history.

In any case, when making a decision in this regard, we should 
remember that information on the dose received by workers who 
kept working in the cath lab during pregnancy comes from a small 
number of interventional cardiologists and electrophysiologists, and 
that information comes only from surveys and observational data. 
Of note, there are few studies on the health of the offspring of 
women who have maintained activity with IR exposure during 
pregnancy, and the available data are not consistent due to the 
small number of irradiated women and the low incidence and high 
latency of the effects. Similarly, the value of 1 mSv should not be 
considered a strict regulatory threshold; what should be attempted 
is that, once the worker has notified the pregnancy, her working 
conditions are such that it is unlikely that the fetus will receive a 
dose > 1 mSv during the remainder of the pregnancy.

The decision to keep on working in the cath lab and performing 
on-call duties during pregnancy must be made freely by the worker 
after consulting with her health care professionals, and based on 
scientific information, her dosimetric history, her physical and 
emotional state, and the correct use of RP measures. This choice 
can have both physical (exposure to unwanted doses of ionizing 
radiation or musculoskeletal discomfort from wearing a lead apron) 
and emotional implications. Of note, 10%-20% of pregnancies end 
in spontaneous abortion, due to mostly multifactorial and often 
unknown causes, not necessarily attributable to occupational radi-
ation exposure per se. This situation can lead to a feeling of “retro-
spective guilt,” as can the possible appearance of medical problems 
in the fetus or child, even if there is no scientific evidence linking 
said condition to occupational exposure. Therefore, it is a reality 
that making the decision involves a great silent emotional burden 
and a significant internal conflict and must be free from external 
pressures and accompanied by adequate emotional support for all 
pregnant women, whatever their decision.

Since the current legislation allow pregnant workers to continue in 
their workplace as long as dose limits are respected, while contem-
plating the possibility of requesting a workplace adaptation without 
radiation exposure, it is essential to preserve each woman’s freedom 
of decision, preventing her from being removed from the cath lab 
against her will and ensuring, in all cases, a safe and understanding 
working environment. For those who choose not to be exposed to 
radiation during gestation, it is crucial to facilitate not only work-
place adaptation but also full reintegration into their previous job 
and projects after maternity leave, including training in techniques 
that may have been incorporated during their absence.

Promoting this flexibility and institutional support is key to preventing 
sex discrimination and attracting and retaining female talent in inter-
ventional subspecialties where women are still a minority. Occupa-
tional radiation should not be perceived as a factor incompatible with 
pregnancy per se, but rather as a manageable circumstance based on 
autonomy, knowledge, fetal safety, and respect.

CONCLUSIONS

The fear of IR effects on the fetus is one of the reasons many female 
workers dismiss training in an interventional subspecialty. However, 
both the European directive and current Spanish law state that 
pregnant women should not be excluded from their jobs, provided 
the fetus is protected like any other individual and its maximum 
occupational radiation dose during gestation does not exceed 1 mSv.

The doses received by professionals who maintain their activity 
with IR exposure during pregnancy do not exceed the 1 mSv limit 
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in any of the published studies, placing them at an order of magni-
tude 50 or 100 times lower than those that have demonstrated 
deleterious effects on the fetus. Abdominal dosimeters allow close 
monitoring of the doses received by workers with occupational IR 
exposure, ensuring that the limit established by regulations is not 
exceeded. Therefore, according to the CSN, any worker with occu-
pational IR exposure, under working conditions where it is improb-
able that the fetus will receive a dose > 1 mSv, can feel safe in 
her workplace as long as she responsibly abides by the recommen-
dations of the RP department and correctly uses the abdominal 
dosimeter.
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ABSTRACT

Despite the 2017 update to European medical device regulation and its entry into force in 2021, many doubts persist about its 
real-world application in medical device (MD) research in Spain. The development of MDs requires collaboration among numerous 
stakeholders, including researchers, ethics committees, notified bodies, the Spanish Agency of Medicines and Medical Devices, 
manufacturers, and other involved parties—all of whom have had to adapt to the new regulatory framework. This has required a 
significant effort and consumption of resources to understand and apply the different clinical practice guidelines to unify protocols 
in MD research and ensure the safety and efficacy profile of these products. Although challenges remain, the adoption of this 
legislation has fostered collaboration among stakeholders, enabling progress and a better understanding of the new obstacles it 
presents. The aim of this review is to define, in a practical way, the content of this regulation and expose the perspectives of the 
different actors involved in the development of MD.

RESUMEN

Tras la actualización de la regulación europea sobre dispositivos médicos de 2017 y su posterior entrada en vigor en 2021, persisten 
multitud de dudas en cuanto a su implementación práctica en la investigación en productos sanitarios (PS) en España. Desarrollar 
PS implica la colaboración de multitud de actores, incluyendo investigadores, comités de ética, organismos notificados, Agencia 
Española de Medicamentos y Productos Sanitarios, industria de dispositivos y diversos colaboradores, que se han visto obligados 
a adaptarse a esta nueva regulación. Este hecho ha requerido un esfuerzo y un consumo de recursos significativo para comprender 
y aplicar las distintas directrices que persiguen unificar los protocolos en PS y asegurar la seguridad y la eficacia de estos productos. 
Desde su implementación, la colaboración entre las distintas partes ha permitido progresar y entender las nuevas dificultades que 
representa esta normativa. El objetivo de este documento es definir de manera práctica el contenido de dicha regulación y exponer 
las perspectivas de los diferentes actores implicados en el desarrollo de PS. 
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INTRODUCTION

Since the update of the European Medical Devices Regulation 
(MDR) in 2017 with Regulation (EU) 2017/745 on Medical Devices 
(EU-MDR)1 and Regulation (EU) 2017/746 on  in vitro  diagnostic 
medical devices (EU-IVDR),2 and the promulgation in Spain of 
Royal Decree 192/2023 of March 21,3 the need has arisen to adapt 
to the new regulations promoted by Europe. The objective of these 
regulations is to establish a new robust, transparent, predictable, 
and sustainable regulatory framework for MD, which guarantees 
the highest levels of safety and health protection for patients and 
users, while promoting innovation and the interests of small and 
medium-sized enterprises (SME) that carry out their activities in 
this sector, thereby obtaining the European Conformity (CE) mark-
ing. This regulation harmonizes the rules applicable to the placing 
on the market and putting into service in the European Union of 
MD and their accessories, thus allowing them to benefit from the 
principle of free movement of goods and ensuring a high level of 
protection, so that products in circulation do not pose any risks to 
the health of patients, users or third parties, and achieve the per-
formance assigned by the manufacturer when used under the in-
tended conditions.3

The complexity of this new regulation has led to the publication of 
previous documents from an academic perspective, at both Euro-
pean and national levels, to help understand the new regulations.4,5 
Nonetheless, these regulatory changes invariably generate tensions 
among the different actors involved in the development of MD. 
These include regulatory bodies, such as the Spanish Agency of 
Medicines and Medical Devices (AEMPS), drugs research ethics 
committees (DREC), and notified bodies (NB); the industry, com-
prising various large companies, SME, and start-ups; collaborators, 
including companies responsible for health data registration and 
analysis, or different types of consultancies; researchers; and final-
ly, patients and their associations. Since all these actors pursue the 
same common goal, collaboration among each of the parties in-
volved in understanding this regulation, contributing their unique 
perspective and the difficulties they individually present, can lead 
to improved MD development and facilitate an increasingly com-
plex process (figure 1).

The objective of this document is to summarize the content of the 
EU-MDR to facilitate its understanding and present the perspective 
of each of the parties involved in the MD development process. In 
January 2025, with the above-mentioned objective, Fundación Epic 
organized and promoted a face-to-face meeting where these per-
spectives were presented through various presentations. The fol-
lowing summarizes the presentations, questions, and discussions 
from the meeting.

Definitions and nomenclature in medical devices

Although the use of MD is ubiquitous in the medical field, health 
care personnel are rarely familiar with the nomenclature and defi-
nitions that apply to them. Table 1 briefly illustrates the main terms 
we will be using in this document. Although, in Article 2, the 
EU-MDR clearly defines the terminology to be used,1 it is 

convenient to expand on some definitions to fully understand the 
nuances of MD development. The risk classification of MD takes 
into consideration the intended purpose of the device and its inher-
ent risks (EU-MDR, Annex VIII,1 and European Commission guid-
ance6). Devices can be categorized as low (class I), medium (class 
IIa), and high risk (class IIb and class III), and in the case of  in 
vitro  diagnostic medical devices, as classes A, B, C, and D, with 
class A being the lowest risk and class D the highest risk. Although 
class I devices that are considered simpler can be self-certified by 
the manufacturer, other class I devices (that are sterile or have a 
measuring function) and class IIa, IIb, and III devices must undergo 
a conformity assessment requiring the participation of a NB. Im-
plantable devices and those in direct contact with the circulatory 
system are all defined as high risk (class III); 40% of these are for 
cardiovascular application.7 Figure 2 illustrates some examples of 
the different classes of devices, which are defined as:

–	 Class I:  low-risk products for the patient, generally non-inva-
sive. Examples: stethoscope, electrocardiogram electrodes, 
reusable surgical instruments, and non-automated sphygmo-
manometer. Specific classes are Is (sterile), Im (measuring 
function), and Ir (reusable).

–	 Class IIa:  moderate-risk products used invasively, but on a 
temporary basis. Examples: hypodermic needle, electronic 
stethoscope, electronic blood pressure measuring equipment, 
electrocardiograph, diagnostic ultrasound machine (such as 
echocardiography), and magnetic resonance imaging system.

–	 Class IIb: higher-risk products that may have prolonged contact 
with the body or that control vital functions. Examples: infu-
sion pumps, monitoring and alarm devices in intensive care, 
ventilators, external defibrillators, and diagnostic devices that 
emit ionizing radiation.

–	 Class III: high-risk products, generally implantable and with 
a significant impact on patient health. Examples: cardiovas-
cular catheters and guidewires, bare metal and drug-eluting 
stents, prosthetic heart valves and valve repair devices, 
implantable devices for other structural heart procedures, 
electrophysiology electrodes and ablation catheters and equip-
ment, implantable cardiovascular electronic devices including 
pacemakers, implantable automatic defibrillators, and cardiac 
resynchronization therapy, extracorporeal circulation systems, 
extracorporeal membrane oxygenators, intra-aortic balloon 
pumps, and left ventricular assist devices.

PERSPECTIVE OF REGULATORY AGENCIES, NOTIFIED 
BODIES, AND ETHICS COMMITTEES

To obtain CE marking, an MD must comply with a series of re-
quirements imposed by the different regulatory bodies. These re-
quirements depend on the intended purpose and risk classification 
of each type of MD. Furthermore, with respect to clinical investi-
gations of medical devices under Regulation 2017/745, table 2 
outlines key requirements. The roles and responsibilities of the 
involved bodies are discussed below.

Abbreviations 

AEMPS: Spanish Agency of Medicines and Medical Devices. CE: European Certificate. EU-MDR: European Union Medical Device 
Regulation. MD: medical device. MDR: Medical Device Regulation. MREC: Medicinal Research Ethics Committee. NB: notified body.
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Drug research ethics committee

Obtaining approval from the DREC is the first step that any inves-
tigation must overcome for its realization. A distinction must be 
made between the research ethics committee, which oversees 
biomedical research projects under Law 14/2007, and the DREC,8 
accredited to issue opinions on clinical trials with drugs and MD 
under Royal Decree 1090/2015.9 The criteria that DREC must meet 
for the evaluation of clinical investigations with MD have not yet 
been published. Performance studies of in vitro diagnostic MD will 
not require evaluation by a DREC; in some cases, this evaluation 
can be conducted by a research ethics committee in accordance 
with the EU-IVDR.10 The function of every DREC is to safeguard 
the rights, safety, and well-being of participant subjects. To this 
end, the DREC must include health care professionals, members 
outside the health care profession (including law graduates), patient 
representatives, and an expert in the General Data Protection Reg-
ulation; additionally, the DREC may request expert advice if it lacks 
the necessary knowledge or experience to evaluate a study (as may 
be the case with the investigation of surgical procedures, diagnostic 
techniques, or advanced therapies). Consulting experts in MD is a 
very common thing, given their variety and different purpose and 
nature which, at times, make it difficult to elucidate whether a 
device is an MD (for example, in the case of software applications). 
The DREC evaluation will require:

1.	 Prior clinical evidence demonstrating that the MD performs its 
intended function and ensures safety.

2.	 Adequate methodology to respond to the objectives, clearly 
defining in the protocol the justification, study population, 
sample size, variables that should be included, recruitment and 
randomization process, etc.

3.	 From an ethical point of view, it must guarantee full compliance 
with ethical principles, especially in relation to obtaining 
informed consent, and comply with the principles outlined in 
the Declaration of Helsinki11 and the international standard ISO 
14155:2021 (“Clinical investigation of medical devices for 
human subjects. Good clinical practice”).12

According to Royal Decree 192/2023 on MD research, authorization 
from the management of the center or centers where the research 
will be conducted is required, along with a favorable opinion from 
the local DREC or, in the case of a multicenter study, a single 
binding opinion issued by a DREC within the national territory.3 
In any case, each center will have to manage internal administrative 
aspects for the study to be conducted. The deadline for each DREC 
to issue its opinion is not specified in Royal Decree 192/2023, so it 
largely depends on the characteristics of each committee. 

Given the complexity of the new regulation, representatives from 
various DREC, together with Asociación Nacional de Comités de Ética 
de Investigación (ANCEI) and the AEMPS, agreed in 2023 to estab-
lish a working group to harmonize the evaluation of MD investiga-
tions. It is expected that, in the months ahead, this collaboration 
will result in a joint memorandum of instructions to facilitate the 
certification process and harmonize the documentation required by 
both entities; for example, the memorandum will define the dead-
lines available for issuing an opinion.

Spanish Agency of Medicines and Medical Devices

In Spain, the AEMPS is the competent authority responsible for the 
application and supervision of EU Regulation 2017/745. The AE-
MPS has prepared a series of documents and manuals with the aim 
of clarifying the process, requirements, and documentation that 

Figure 1. Central illustration. Stakeholders in the development of medical devices, challenges and threats they face. Icons created by Freepik, Smalllikeart, 
Rizal2109, and Iconpro on www.flaticon.com. Image obtained from Servier Medical Art, under CC BY 4.0 license (https://smart.servier.com).

Regulatory bodies and ethics 
committee

Regulatory changes
Expert panels

Collaborators

Manufacturers
Researchers

FundingOther markets

http://www.flaticon.com
https://smart.servier.com


258 J. Zubiaur et al. REC Interv Cardiol. 2025;7(4):255-263

Table 1. Definitions of the main terms used in the document

Término Definición

Medical device Any instrument, apparatus, equipment, software, implant, reagent, material, or other article intended by the manufacturer to be used in 
humans, alone or in combination, for one or more of the following specific medical purposes:   
– Diagnosis, prevention, monitoring, prediction, prognosis, treatment, or alleviation of a disease.   
– Diagnosis, monitoring, treatment, alleviation of, or compensation for an injury or disability.   
– Research, replacement, or modification of the anatomy or of a physiological or pathological process or state.   
– �Providing information through in vitro examination of specimens derived from the human body, including organ, blood, and tissue 

donations. 

In addition, it does not achieve its principal intended action inside or on the surface of the human body by pharmacological, immuno-
logical, or metabolic means, although such means may contribute to its function.   
The following shall also be considered medical devices:   
– Products for conception control or support.   
– �Products specifically intended for the cleaning, disinfection, or sterilization of devices referred to in Article 1(4) and in the first para-

graph of this point. (MDR, Article 2.1)

In vitro diagnostic device Any medical device that is a reagent, reagent product, calibrator, control material, kit, instrument, apparatus, piece of equipment, soft-
ware, or system, used alone or in combination, intended by the manufacturer to be used in vitro for the examination of specimens 
derived from the human body, including blood and tissue donations, solely or principally to provide information on one or more of the 
following:  
1.  Concerning a physiological or pathological process or state.   
2.  Concerning congenital physical or mental impairments.   
3.  Concerning the predisposition to a disease or health condition.   
4.  To determine the safety and compatibility with potential recipients.   
5.  To predict the response or reaction to a treatment.   
6.  To establish or monitor therapeutic measures.   
Specimen containers are also considered in vitro diagnostic medical devices.

Legacy medical device Any medical device that complied with the legislation prior to the EU-MDR but has not yet been certified under the current legislation.

Regulation (EU) 2017/745 in MDR European legislation on medical devices.

Regulation (EU) 2017/746 in IVDR European legislation on in vitro devices.

CE marking Marking by which a manufacturer indicates that a product conforms to the applicable requirements set out in this legislation and other 
applicable Union harmonization legislation providing for its affixing (MDR, Article 2.43).

CE, European Conformity marking; EU, European Union; IVDR, in vitro devices regulation; MDR, medical devices regulation.

Figure 2. Classification of various types of medical devices and examples thereof. Icons created by Kiranshastry, Vectorslab, Iconsmeet, Freepik, and N.style 
on www.flaticon.com.
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must be submitted for its evaluation of MD studies.13 Table 2 illus-
trates the requirements for conducting clinical investigations with 
MD.

The AEMPS continues to work on reviewing new documents. Those 
on in vitro diagnostic MD and the above-mentioned DREC-AEMPS 
joint document are still pending. Furthermore, the Medical Device 
Coordination Group—the European group involved in the regula-
tion of MD—publishes guidelines whose compliance is voluntary, 
but still reflect the current situation and consensus on these issues 
from a European perspective.14 Regarding performance studies of in 
vitro  diagnostic MD, their requirements, in many cases, will not 
require authorization or notification by the AEMPS, and could be 
evaluated by a research ethics committee. However, performance 
studies of in vitro diagnostic MD that could be burdensome to health 
or pose a risk to patients are regulated by Article 58 of their own 
legislation (EU-IVDR 2017/74610) and their requirements are similar 
to those of table 2. Risk procedures include surgically invasive 
sample collection solely for the purpose of the study, additional 
invasive procedures, and other risks to participant subjects, such 
as interventional procedures or diagnostic tests that may influence 
clinical decisions.

Moreover, there are combined studies with both drugs and MD, to 
which both regulations will apply. A case that needs clarification 
is that of integrated products. Studies with these products would 
not be combined studies, as they do not involve drugs or MD. An 
integrated product is a MD or a drug, and only the corresponding 
legislation would apply to it. The criterion that should be follow is 
fundamentally its main mechanism of action: whether it is that of 
a drug or a MD. An example of an integrated product that is a MD 
would be a drug-eluting stent action whose primary mechanism of 
action is mechanical dilation of the coronary artery, with the incor-
porated medicinal substance exerting a secondary antiproliferative 
effect. A pre-filled insulin syringe would be an integrated product 
too. However, in this case the main mechanism of action is the 
drug per se (insulin). The “part of the product” that would be a MD 
separately would only act as a drug delivery system. 

The procedure for authorizing clinical investigations with MD by 
the AEMPS, as well as other information related to MD regulation, 
are included in the instructions published on its website, which are 
currently being reviewed.13 The procedure is, in sum: 15 days for 
document validation, 20 days for the sponsor to respond to possible 
AEMPS requirements, and 10 days for the AEMPS to evaluate the 
responses. Once the application has been admitted for processing, 
the clinical investigation evaluation period begins, which will last 
45 days, although the AEMPS may have an additional 20 calendar 
days to consult experts. The AEMPS may raise objections to the 
sponsor and request additional information, in which case the 

deadlines will be suspended, and the sponsor will have 10 working 
days (extendable by another 5 days) to respond. Of note, the AE-
MPS will require the DREC approval, which is why it is recom-
mended to send the documentation with the DREC opinion already 
issued or in an advanced stage of processing; otherwise, the AEMPS 
will automatically deny the investigation if the deadline has been 
met. Once the clinical investigation has been completed, the spon-
sor will notify the AEMPS within 15 calendar days. If a temporary 
halt or early termination occurs, the sponsor must notify it within 
15 calendar days and provide a justification; if it is for safety rea-
sons, they must inform the AEMPS within 24 hours. For the final 
report of the investigation, the sponsor will have 1 year since the 
investigation was completed or 3 months if was terminated early. 
Of note, Article 69 of the EU-MDR specifies the conditions under 
which investigations must have insurance or financial guarantee 
for the research subjects.1 Table 2 shows that investigations involv-
ing MD without CE marking, or with CE marking but used off-label 
(for purposes other than those approved at the time of CE marking), 
must include subject insurance.

A fundamental pillar for the development of the EU-MDR is the 
EUDAMED database (European Database on Medical Devices), 
whose objective is to improve public transparency, facilitate device 
traceability and market surveillance, and strengthen coordination 
among Member States. This database, intended to be accessible to 
state organizations, was not available at the time of publication of 
this document; therefore, the AEMPS continues to use its general 
registry to process authorizations for clinical investigations with 
MD and performance studies with in vitro diagnostic MD. For cases 
that only require notification (table 2), the NEOPS database (notifi-
cación de investigaciones clínicas con productos sanitarios) is being 
used until EUDAMED is definitively implemented.

Notified body

A NB is an organization designated by a European Union Member 
State (or other countries within the framework of specific agree-
ments) to assess the conformity of certain products before they are 
out in the market. The only NB created in Spain is Centro Nacional 
de Certificación de Productos Sanitarios, which has the competence 
and capacity to designate and monitor MD. The NB requires stan-
dardized technical documentation fully complying with the neces-
sary requirements for previous evidence levels and conformity with 
general safety and performance regulations. Its official website 
contains the necessary documents for carrying out each procedure 
and guiding documents (table 1 of the supplementary data).

Since beginning operations on September 15, 2022, the Spanish NB 
has received requests from 142 applicant companies and has signed 

Table 2. Requirements for conducting clinical investigations with medical devices

Type of investigation DREC AEMPS
Management 
approval

Insurance Article

Without CE marking Yes Authorization Yes Yes Article 62 (objective: assess CE conformity)

With CE marking, different intended purpose Yes Authorization Yes Yes Article 74, Section 2

With CE marking, same intended purpose and following instructions for use

With additional invasive or burdensome procedures Yes Notify Yes No Article 74, Section 1

Article 73 (notify NEOPS/EUDAMED)

Sin procedimientos adicionales invasivos ni gravosos Yes No Yes No

AEMPS, Spanish Agency of Medicines and Medical Devices; CE, European Conformity marking; DREC, Drug Research Ethics Committee.
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100 agreements. These agreements are defined as a formal contract 
between the NB and the manufacturer that allows the NB to per-
form an evaluation of the MD, defining the scope of the evaluation, 
the obligations of the manufacturer and the NB, the conditions for 
maintaining, renewing, or suspending the CE, and aspects related 
to confidentiality and responsibility. Among these agreements, a 
total of 40 certificates have been issued, including 300 products (29 
quality certificates and 11 technical documentation certificates 
[class IIb implantable or class III MD]). The usual time between 
MD registration and agreement signing is 1 to 4 weeks. However, 
this process may extend beyond 2 months because of several diffi-
culties encountered by the NB, such as:

–	 Significant workload: the NB currently has 275 products under 
review, 25% of which are implantable, requiring a more 
comprehensive and demanding evaluation.

–	 Non-adapted technical documentation structure:  despite 
efforts to generate standardized documentation, multiple 
corrections to the documentation are usually required, thus 
delaying the certification process.

–	 Expert consultation: certain MD require evaluation by a panel 
of experts. In fact, Article 56 states that consultation with a 
panel of experts is mandatory for class IIb or III MD.1 

–	 Identifying experts in certain MD can be challenging, as some 
MD are designed for highly specific applications; this may 
further delay the evaluation.

Of note, there is a deadline for the certification of MD with a 
previous certification. MD that have failed to obtain CE marking 
under the new legislation by this deadline may no longer be 
marketed and could be subject to withdrawal. This deadline has 
already been postponed due to the risk of product shortages in 
the market, the limitation of NB, and the impact of the COVID-19 
pandemic, with current dates being December 31, 2027, for class 
III and IIb implantable MD and December 31, 2028, for non-im-
plantable class IIb, IIa, Is (sterile), and Ir (measuring function) 
MD.15 However, although these dates may seem distant, the 
Centro Nacional de Certificación de Productos Sanitarios invites 
manufacturers to carry out the certification procedure without 
delay.

A significant limitation of NB is the absence of prior dialogue with 
manufacturers. This can hinder the development of adequately 
designed clinical studies which, on occasion, would be considered 
inadequate by the NB after being completed. Working together on 
the design of clinical trials could be beneficial for both parties, 
reducing the time needed for MD approval and facilitating the 
conduct of the study and its review. 

The required documentation is complex and raises many doubts 
and questions. Therefore, several links of interest to official docu-
ments and websites of the corresponding organizations have been 
provided, where these complex and specific aspects are explained 
in detail (table 1 of the supplementary data).

MANUFACTURER AND INDUSTRY OUTLOOK

Threats and challenges

The technological industry has required a series of profound adap-
tations to the new regulations, involving a multitude of threats and 
difficulties. According to the European association COCIR (Europe-
an Trade Association representing the medical imaging, radiother-
apy, health ICT and electromedical industries), the new legislation 

has markedly prolonged certification times, with a 157% increase 
in document preparation time and a 263% increase to final approv-
al. Certification costs have risen by 262%, and regulatory staffing 
requirements have grown by 5%–9%, resulting in losses of person-
nel and budget in research, development, and innovation.16 A 
survey submitted to various manufacturing companies in the MD 
industry by MedTech Europe found that the main challenges iden-
tified are insufficient clinical evidence generated while devices are 
on the market, the absence of a clear definition of what constitutes 
sufficient clinical information, and the difficulty in agreeing with 
the NB on an appropriate post-market surveillance plan.17 In an 
open-ended question evaluating the main obstacles, respondents 
cited associated costs, extended timelines, divergent requirements 
among Member States, and the demanding requirements of clinical 
investigations. Therefore, Real World Data and Real World Evi-
dence are relevant sources of clinical information. The former re-
fers to information obtained outside traditional clinical trials; it can 
be drawn from health records, patient registries, insurance databas-
es, or observational or cohort studies. The latter involves the 
analysis or interpretation of Real World Data, which is limited to 
raw data. Therefore, Real World Evidence allows generating evi-
dence on safety, efficacy, health outcomes, and use of MD in the 
routine clinical practice. However, the survey shows that NB would 
accept this type of evidence mostly as an additional source, 23% 
of NB would not accept it at all, and only 12% would accept it as 
the sole source of clinical evidence. Among the types of sources, 
clinical registries would be the most accepted, with the rest of the 
formats (surveys, administrative records, etc.) being much lower in 
terms of acceptance.

A particularly sensitive threat to MD development affects MD in-
tended for vulnerable patients or with orphan diseases. MD whose 
scope of use is in pediatric patients or pregnant women run the 
risk of being unable to obtain sufficient clinical evidence to meet 
the necessary requirements for obtaining the CE marking. Similar-
ly, if robust clinical evidence is required for a MD intended for 
orphan diseases, which are characterized by very low prevalence 
and incidence, there is a risk that sponsoring companies will be 
unable to cover development costs—already challenging given the 
unique nature of these rare conditions.

Competitiveness compared with other markets

Many of these limitations pose a serious threat to SME and start-
ups, which usually have a less solid and consolidated financial 
structure than large companies. The increase in costs and the need 
for additional personnel discourage the development of MD in 
Europe. Therefore, start-ups such as Aortyx have chosen to direct 
the development of their medical devices toward more favorable 
regulatory systems, such as that of the United States, whose pri-
mary bureaucratic advantages rest on 2 key points. The first is 
the greater speed of procedures by the Food and Drug Adminis-
tration (FDA), which has a maximum of 90 days to give a response, 
while European NB take a mean 50 days to simply accept the 
case. Secondly, the possibility of maintaining a dialogue with the 
FDA to establish what type of clinical trials would be most ap-
propriate to obtain its approval, in non-binding meetings through 
the Q-sub program, is of special interest. In Europe, the design of 
the study is left to the manufacturer, without the possibility of 
receiving feedback from the regulatory body before completing it, 
thus risking an unfavorable assessment. Consequently, they would 
be forced to repeat the study, with the substantial investment that 
this implies. Even so, according to Article 57 of the EU-MDR 
manufacturers should voluntarily consult a panel of experts on 
the clinical development strategy and research proposals that 
should be followed.1 Additionally, in the United States, programs 
such as Breakthrough Device Designation can further accelerate 
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the process by prioritizing novel MD considered disruptive to treat 
serious—often cardiovascular—diseases.18

Although the previous reasons may be considered sufficient for 
certain MD manufacturing companies to prioritize the United 
States, financial profitability is also of great significance. The US 
market offers, from this perspective, a series of advantages over 
the European Union. The first is the higher morbidity of the Amer-
ican population. The second, the significantly higher price at which 
most MD are marketed. Overall, this means that not only from a 
bureaucratic point of view, but also from a purely financial one, 
market access is more promising for most small health technology 
companies. Furthermore, for similar reasons, markets such as Chi-
na and Japan are becoming increasingly attractive to companies, 
posing a risk of shifting regulatory efforts and, consequently, cre-
ating shortages of innovative MD in the European market.

Example of a post-market study

To obtain CE MDR marking, iVascular undertook a clinical develop-
ment plan for a class III legacy coronary device—a coronary angio-
plasty balloon catheter—after it had already been commercialized. 
Devices certified under previous MD legislations are termed “legacy 
MD” indicating they fall within a transitional period for adherence 
to current legislation. Post-market surveillance must confirm the 
safety and performance of the product throughout its expected lifes-
pan, identify and analyze emerging risks, ensure benefit-risk accept-
ability, and identify possible systematic misuse or unforeseen uses. 
Initially, the clinical development plan was prepared, establishing 2 
activities. Activity #1 was a questionnaire activity in which a specific 
survey about the product was conducted, including variables of 
safety and clinical performance, later submitted to interventional 
cardiologists using the device. Activity #2 consisted of a clinical, 
observational, prospective, and multicenter trial to evaluate the 
safety and clinical performance in a real-world population and fol-
lowing the manufacturer’s instructions for use. The study was ap-
proved by the DREC of each center. After completing the sample 
size and performing the statistical analysis, a clinical report was 
prepared and sent to the NB, where the MD result was validated, 
and CE marking was granted.

Despite iVascular success, in its experience this company acknowl-
edges that the lack of feedback from the NB, whose advice and 
approval could facilitate the preparation of the clinical development 
plan. Additionally, the absence of a template for the clinical devel-
opment plan and questionnaire activity were significant limitations 
in the procedure. A similar process in the United States could have 
included dialogue with the FDA to reach consensus on the study 
design and, potentially, to use the Breakthrough Device Designation 
program to expedite approval. Although deadlines are more defined 
in China and Japan, a local clinical trial is required for device ap-
proval as well. Despite these advantages, having a dialogue going 
does not guarantee faster approval, as it will depend on the needs 
of the required clinical trial.

THE COLLABORATORS’ PERSPECTIVE

The demanding requirements for the development of a MD have 
led most researchers and manufacturers to require the support of 
collaborating companies for the proper fulfillment of the different 
needs of increasingly complex clinical trials. There are several as-
pects in which collaborating companies can offer a service while 
developing a MD. In fact, due to current limitations of medical 
researchers and MD developers, there are CRO (contract research 
organizations), that is, companies that offer support for clinical 
research from a global perspective, managing the design of the 

clinical trial, collecting data and analysis, regulatory issues, moni-
toring clinical trials, auditing, and handling quality control. Tthe 
activities for which researchers and manufacturers demand support 
from external collaborators are mentioned below.

Database creation and analysis

The creation of adequate databases is an essential part of clinical 
research development to ensure the recording of all important 
variables that influence the study. In addition, these databases must 
be accessible to researchers and adequately completed. For this 
purpose, companies that support database design can provide es-
sential assistance to researchers in developing databases and appro-
priate forms, as well as in clinical follow-up, data curation, and 
analysis. These skills may require specific computer knowledge that 
researchers do not always have. Additionally, the availability of 
combined online databases minimizes the risk of transcription er-
rors and clinical follow-up errors through adequate coordination of 
multiple centers in multicenter studies or clinical trials. Outsourc-
ing this process can alleviate the workload of researchers and avoid 
errors in each of the steps.

Unification of health records

A major barrier in Spain to conducting Real World Evidence studies 
is the limited access to data nationwide. The fact that each auton-
omous community has independent databases inaccessible to all 
national researchers complicates data extraction and analysis on a 
global scale. In this regard, specific platforms have been developed 
to unify health care databases across regions with heterogeneous 
databases, as it is the case with Spain. A unified platform could 
provide a series of benefits compared with the current system. For 
starters, from the perspective of each patient, who could travel 
across the national territory and have access to the results of pre-
vious tests performed in other autonomous communities, it would 
facilitate health care. On the other hand, regarding clinical research, 
it would allow drawing unified data, providing versatility in export 
and communication with organizations and states, and participation 
in joint research projects.

Ethical and legal considerations

While having a large amount of health care data can be an attractive 
idea for researchers, this raises ethical questions about data protec-
tion  related to patients. There are consultancies specialized in in-
formation security in the health care sector. This area is notable 
for the complex existing legislation in the field of patient safety and 
privacy as a fundamental right of individuals. It is common for 
researchers or manufacturers, who devote their effort and expertise 
to developing a study or MD, to be unfamiliar with the complexities 
of the legislation governing this field. Therefore, these types of 
companies can provide substantial support in the development of 
MD research, ensuring compliance with all necessary legal require-
ments and facilitating the performance of other tasks for research-
ers and manufacturers.

THE INVESTIGATOR’S OUTLOOK

From the investigator’s standpoint, the emergence of a new legis-
lation implies an additional effort for their study and evaluation to 
carry out projects efficient and effectively. The new legislation has 
triggered several doubts in the research community and slowed 
down, at least temporarily, the development of MD. In this regard, 
the organization of updating meetings with a cross-cutting approach 
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facilitates the understanding of these complex regulations, supports 
the investigator, and allows for the establishment of valuable pro-
fessional networks that enhance scientific, regulatory, and indus-
trial collaboration.

As seen throughout this document, the role of the investigator as 
an  expert in certain MD is of paramount importance. Both the 
AEMPS and the DREC will frequently require the evaluation of 
certain projects by panels of experts; in addition, manufacturers 
should consult with experts on projects before submitting them to 
official bodies. Therefore, having a solid and experienced group of 
experts is a crucial necessity for conducting effective investigations 
and critically evaluating new MD applications in collaboration with 
official bodies.

Finally, many promising projects initiated by investigators to ad-
dress academic or clinical questions are often delayed or discontin-
ued because of insufficient funding. This challenge is particularly 
relevant to the development of randomized clinical trials—the gold 
standard of clinical research—which typically incur higher costs, 
including those associated with participant health insurance. MD 
research, on the other hand, may present a less attractive focus for 
the investigator. However, the importance of  post-authorization 
studies  should not be underestimated since due to studies like 
these, MD and drugs with effects not identified in clinical trials, 
sometimes harmful to patients, have been identified, leading to 
their withdrawal from the market.

THE PATIENT’S OUTLOOK

In this complex landscape, it is easy to lose sight of the ultimate 
goal of MD development: to improve population health and pa-
tient outcomes, with patients as the final recipients of these de-
vices. Thus, their  perspective is very important and raising 
awareness about the complexity of health technology development 
and the multiple requirements needed to obtain safe and effective 
MD is beneficial for both the patients and all other parties in-
volved in this process. Limiting patient participation to the signing 
of informed consent minimizes their involvement in the process 
and can generate distrust towards researchers, manufacturers, and 
regulatory bodies. In contrast, explaining the MD development 
process clearly and simply can bring this complex world closer to 
patients. In fact, DREC already require the inclusion of patient 
representatives as part of the committee. Other examples include 
direct consultation with patient groups during study design, their 
participation in defining research priorities, the development of 
comprehensible information materials for participants, and their 
collaboration in the interpretation and dissemination of results. 
These forms of participation seek to strengthen transparency, 
improve the relevance of studies, and foster trust in research 
processes. All these aspects are an important step to encourage 
patient participation in clinical trials and ensure active follow-up 
and compliance that will, ultimately, positively impact individual 
and population health.

CONCLUSIONS

The European EU-MDR legislation has brought substantial chang-
es to the MD development process  to unify and ensure the safe 
and effective development of new MD. Although its implementa-
tion entails challenges and threats for MD research in the Euro-
pean Community, the collaboration of the multiple actors involved 
and sharing their perspectives help to understand the procedure 
as a whole and facilitate a more harmonious and unified 
process.

FUNDING

Fundación Epic organized the meeting and covered all expenses. The 
IE (Instituto de Empresa) provided the facilities for the Epic MDR25 
meeting.

ETHICAL CONSIDERATIONS

This article is a review of previously published literature and does 
not involve original studies with human beings or animals by the 
authors. Therefore, it was deemed unnecessary to obtain approval 
from an ethics committee.

STATEMENT ON THE USE OF ARTIFICIAL INTELLIGENCE

No artificial intelligence program was used for the writing of this 
document.

AUTHORS’ CONTRIBUTIONS

J. Zubiaur and A. Pérez de Prado drafted the first version of the 
text. J.R. Rumoroso Cuevas, M.C. Rodríguez Mateos, G. Hernández, 
I. Alfonso Farnós, M. Aláez, S. Pich, J. Martorell, E. Paredes, A. 
Escario, P.P. Fernández Rivero, E. Jiménez-Carles, and A. Pérez de 
Prado contributed to the elaboration of the content from which the 
information for the drafting of the document was obtained. All 
authors reviewed the final version of the article.

CONFLICTS OF INTEREST

A. Pérez de Prado is an associate editor of REC: Interventional 
Cardiology; the journal’s editorial procedure to ensure the impartial 
handling of the manuscript has been followed. J.R. Rumoroso 
Cuevas is the general director of Fundación Epic. I. Alfonso Farnós 
is the president of ANCEI. M. Aláez works at FENIN. S. Pich works 
at iVascular. J. Martorell is the founder and works at Aortyx. E. 
Paredes is the founder and works at pInvestiga. A. Escario works 
at Madrija. P.P. Fernández Rivero works at Start Up SL. E. Jiménez-
Carles is the general director and works at Soinde Neuro SL.

SUPPLEMENTARY DATA

Supplementary data associated with this article can be found 
in the online version available at https://doi.org/10.24875/
RECICE.M25000529.

REFERENCES

	 1.	Regulation 2017/745 EN Medical Device Regulation EUR-Lex. Available at: 
https://eur-lex.europa.eu/eli/reg/2017/745/oj/eng. Accessed 18 Jan 2025.

	 2.	Regulation (EU) 2017/746 of the European Parliament and of the Council 
of 5 April 2017 on in vitro diagnostic medical devices and repealing 
Directive 98/79/EC and Commission Decision 2010/227/EU (Text with EEA 
relevance). OJ L Apr 5, 2017. Available at: http://data.europa.eu/eli/reg/ 
2017/746/oj/eng. Accessed 25 Jan 2025.

	 3.	Ministerio de Sanidad. Real Decreto 192/2023, de 21 de marzo, por el que 
se regulan los productos sanitarios. Sec. 1, Real Decreto 192/2023 mar 22, 
2023 p. 42678-42706. Available at: https://www.boe.es/eli/es/rd/2023/03/21/ 
192. Accessed 25 Jan 2025.

	 4.	Fraser AG, Byrne RA, Kautzner J, et al. Implementing the new European 
Regulations on medical devices — clinical responsibilities for evidence-
based practice: a report from the Regulatory Affairs Committee of the 
European Society of Cardiology. Eur Heart J. 2020;41:2589-2596.

https://doi.org/10.24875/RECICE.M25000529
https://doi.org/10.24875/RECICE.M25000529
https://eur-lex.europa.eu/eli/reg/2017/745/oj/eng
http://data.europa.eu/eli/reg/ 2017/746/oj/eng
http://data.europa.eu/eli/reg/ 2017/746/oj/eng
https://www.boe.es/eli/es/rd/2023/03/21/192
https://www.boe.es/eli/es/rd/2023/03/21/192


263J. Zubiaur et al. REC Interv Cardiol. 2025;7(4):255-263

	 5.	 Spitzer E, de la Torre-Hernández JM, Guðmundsdóttir Ingibjörg J, et al. Use 
of cardiovascular registries in regulatory pathways: perspectives from the 
EU-MDR Cardiovascular Collaboratory. REC Interv Cardiol. 2024;6:213-223.

	 6.	DocsRoom European Commission. Available at: https://ec.europa.eu/
docsroom/documents/10337/attachments/1/translations. Accessed 21 Jan 
2025.

	 7.	Biomed Alliance. Biomed Alliance response to JRC consultation on medical 
devices clinical investigation summary reporting requirements. 10 sep 
2018. Available at: https://www.biomedeurope.org/wp-content/uploads/ 
2018/12/Biomed_Alliance_Response_to_JRC_Consultation_10_Sep_2018-2.
pdf. Accessed 25 Jan 2025.

	 8.	 Jefatura del Estado. Ley 14/2007, de 3 de julio, de Investigación biomédica. 
Sec. 1, Ley 14/2007 jul 4, 2007 p. 28826-28848. Available at: https://www.
boe.es/eli/es/l/2007/07/03/14. Accessed 25 Jan 2025.

	 9.	Ministerio de Sanidad, Servicios Sociales e Igualdad. Real Decreto 
1090/2015, de 4 de diciembre, por el que se regulan los ensayos clínicos 
con medicamentos, los Comités de Ética de la Investigación con medica-
mentos y el Registro Español de Estudios Clínicos. Sec. 1, Real Decreto 
1090/2015 dic 24, 2015 p. 121923-121964. Available at: https://www.boe.
es/eli/es/rd/2015/12/04/1090. Accessed 25 Jan 2025.

	 10.	Regulation 2017/746 EN Medical Device Regulation EUR-Lex. Available at: 
https://eur-lex.europa.eu/eli/reg/2017/746/oj/eng. Accessed 17 Jan 2025.

	 11.	WMA The World Medical Association Declaración de Helsinki de la AMM 
Principios éticos para las investigaciones médicas con participantes huma- 
nos. Available at: https://www.wma.net/es/policies-post/declaracionen-seres- 
humanos/. Accessed 18 Jan 2025.

	 12.	UNE-EN ISO 14155:2021 Investigación clínica de productos sanitarios. 
Available at: https://www.une.org/encuentra-tu-norma/busca-tu-norma/
norma?c=N0066686. Accessed 18 Jan 2025.

	 13.	Agencia Española de Medicamentos y Productos Sanitarios. 2023 Instruc-
ciones de la AEMPS para la realización de investigaciones clínicas con 
productos sanitarios en España. Available at: https://www.aemps.gob.es/
productos-sanitarios/investigacionclinica-productossanitarios/instrucciones 
sanitarios-en-espana/. Accessed 17 Jan 2025.

	 14.	Guidance MDCG endorsed documents and other guidance European 
Commission. 2025. Available at: vices-sector/new-regulations/guidance-
mdcg-endorsed-documents-and-oth-er-guidance_en. Accessed 27 Jan 2025.

	 15.	BOE.es DOUE-L-2023-80401 Reglamento (UE) 2023/607 del Parlamento 
Europeo y del Consejo de 15 de marzo de 2023 por el que se modifican 
los Reglamentos (UE) 2017/745 y (UE) 2017/746 en lo que respecta a las 
disposiciones transitorias relativas a determinados productos sanitarios y a 
productos sanitarios para diagnóstico in vitro. Available at: https://www. 
boe.es/buscar/doc.php?id=DOUE-L-2023-80401. Accessed 23 Jan 2025.

	 16.	COCIR. COCIR Position on the Future Governance Framework for the 
Medical Technologies Sector. Available at: framework-for-the-medical- 
technologies-sector. Accessed 18 Jan 2025.

	 17.	MedTech Europe. MedTech Europe 2024 Regulatory Survey: key findings 
and insights. Available at: library/medtech-europe-2024-regulatory- 
survey-key-findings-and-insights/. Accessed 18 Jan 2025.

	 18.	U.S. Food and Drug Administration. Breakthrough Devices Program. FDA. 
11 de julio de 2024. Available at: https://www.fda.gov/medical-devices/ 
how-study-and-market-your-device/breakthrough-devices-program. 
Accessed 18 Jan 2025.

https://ec.europa.eu/docsroom/documents/10337/attachments/1/translations
https://ec.europa.eu/docsroom/documents/10337/attachments/1/translations
https://www.biomedeurope.org/wp-content/uploads/2018/12/Biomed_Alliance_Response_to_JRC_Consultation_10_Sep_2018-2.pdf
https://www.biomedeurope.org/wp-content/uploads/2018/12/Biomed_Alliance_Response_to_JRC_Consultation_10_Sep_2018-2.pdf
https://www.biomedeurope.org/wp-content/uploads/2018/12/Biomed_Alliance_Response_to_JRC_Consultation_10_Sep_2018-2.pdf
https://www.boe.es/eli/es/l/2007/07/03/14
https://www.boe.es/eli/es/l/2007/07/03/14
https://www.boe.es/eli/es/rd/2015/12/04/1090
https://www.boe.es/eli/es/rd/2015/12/04/1090
https://eur-lex.europa.eu/eli/reg/2017/746/oj/eng
https://www.wma.net/es/policies-post/declaracionen-seres-humanos/
https://www.wma.net/es/policies-post/declaracionen-seres-humanos/
https://www.une.org/encuentra-tu-norma/busca-tu-norma/norma?c=N0066686
https://www.une.org/encuentra-tu-norma/busca-tu-norma/norma?c=N0066686
https://www.aemps.gob.es/productos-sanitarios/investigacionclinica-productossanitarios/instruccionessanitarios-en-espana/
https://www.aemps.gob.es/productos-sanitarios/investigacionclinica-productossanitarios/instruccionessanitarios-en-espana/
https://www.aemps.gob.es/productos-sanitarios/investigacionclinica-productossanitarios/instruccionessanitarios-en-espana/
http://vices-sector/new-regulations/guidance-mdcg-endorsed-documents-and-oth-er-guidance_en
http://vices-sector/new-regulations/guidance-mdcg-endorsed-documents-and-oth-er-guidance_en
https://www. boe.es/buscar/doc.php?id=DOUE-L-2023-80401
https://www. boe.es/buscar/doc.php?id=DOUE-L-2023-80401
http://framework-for-the-medical-technologies-sector
http://framework-for-the-medical-technologies-sector
http://library/medtech-europe-2024-regulatory-survey-key-findings-and-insights/
http://library/medtech-europe-2024-regulatory-survey-key-findings-and-insights/
https://www.fda.gov/medical-devices/ how-study-and-market-your-device/breakthrough-devices-program
https://www.fda.gov/medical-devices/ how-study-and-market-your-device/breakthrough-devices-program


* Corresponding author.
E-mail address: earroyoucar@gmail.com (E. Arroyo Úcar).

 @eduarroyoucar

Online 14 October 2025. 
2604-7322 / © 2025 Sociedad Española de Cardiología. Published by Permanyer Publications. This is an open access journal under the CC BY-NC-ND 4.0 license.

Debate: Does the distal radial approach 
offer added value over the conventional 
radial approach? Yes, it does

A debate: Abordaje radial distal. ¿Aporta valor 
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Question: What is the rationale for proposing distal radial access 
(DRA)?

Answer: DRA, first described in coronary intervention by Kiemeneij 
in 2017,1 has been proposed as an alternative to conventional radial 
access (CRA) to reduce postoperative radial occlusion (PRO), a 
complication occurring in 2%–10% of cases. Although PRO is 
usually asymptomatic due to collateral circulation through the 
palmar arch, it can limit future use of the artery for repeat proce-
dures, arteriovenous fistula creation, or even as an aortocoronary 
graft. Puncture in the anatomic snuffbox is distal to the superficial 
palmar arch, thereby preserving perfusion of the proximal radial 
artery and minimizing the risk of occlusion. Previously, in 2011, 
Babunashvili and Dundua2 used DRA in patients with prior radial 
thrombosis after CRA to reestablish vascular access.

In general, DRA is more comfortable for both patient and operator. 
In CRA, prolonged arm supination—especially with right-sided 
access—can cause discomfort, particularly in obese patients, those 
with arthritic deformities, or during long procedures. DRA allows 
a more natural arm position (pronation or neutral), and improves 
ergonomics. Furthermore, it facilitates left DRA for operators used 
to right radial access, since cannulation can be performed from the 
patient’s right side. Its smaller vessel diameter shortens hemostasis 
times, thereby reducing recovery and the length of stay, which is 
especially valuable in outpatient procedures.

Therefore, DRA is proposed as an evolution of CRA, maintaining 
its advantages while improving vascular preservation, ergonomics, 
and recovery efficiency, making it an attractive alternative in 
contemporary coronary intervention.

Q.: What evidence supports DRA?

A.: Although scientific evidence supporting DRA has grown signifi-
cantly, it remains less extensive than that for CRA. Key sources 
include:

–	 Initial series: in 2017, Kiemeneij1 reported the first DRA results, 
with a cannulation success rate of 89% and local complication 
rates, such as hematoma or spasm < 1%.

–	 Randomized clinical trials:

•	 Tsigkas et al3 studied a total of 1042 patients, comparing 
DRA and CRA, and found that DRA was associated with 
a lower rate of PRO (3.7% vs 7.9%; P = .014) and shorter 
hemostasis times, but higher crossover rates (9.3% vs 3.2%; 
P < .001), higher radiation dose, and longer procedures (44 
vs 40 minutes; P = .02). Local complications were similar 
(4.8% vs 5.3%; P = .71). More puncture attempts were 
required with DRA (2.1 vs 1.6; P = .01).

•	 The  DISCO RADIAL trial4 compared DRA and CRA, 
showing similar PRO rates (0.31% vs 0.91%; P = .29). DRA 
had higher crossover (7.4% vs 3.5%; P = .002) and spasm 
rates (5.4% vs 2.7%; P = .015) but shorter hemostasis times 
(153 vs 180 minutes; P < .001). PRO rates were very low 
in the 2 groups because of a strict patent hemostasis 
protocol that favored CRA. This protocol differs from 
routine clinical practice in most centers, although it 
demonstrates that meticulous hemostasis with CRA can 
equalize the 2 techniques in terms of PRO.

•	 The multicenter TENDERA trial5 (1162 patients) showed 
reduced PRO with DRA at 30 days (1.2% vs 4.8%; P = .003) 
and 6 months (2.1% vs 5.5%; P = .007). DRA exhibited 
fewer local complications such as hematoma (3.1% vs 6.7%; 
P = .01), pain (5.2% vs 9.8%; P = .004), and minor hemo-
rrhage (2.4% vs 5.3%; P = .02). Procedural efficacy (97.8% 
vs 98.1%; P = .72), and procedural times (42 vs 43 minutes; 
P = .58) were comparable.

–	 Meta-analyses: Ferrante et al6 analyzed 14 studies with > 6000 
patients, confirming lower PRO with DRA (0.7% vs 3.0%;  
P < .001), shorter hemostasis times (120 vs 180 minutes;  
P < .01), and fewer hematomas (0.4% vs 1.7%; P = .02).
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–	 Multicenter registries:  the KODRA registry7 included a total of 
4977 patients in 14 hospitals, with reported success rates of 100% 
for angiography, 98.8% for percutaneous coronary intervention, 
94.4% for vascular access, and a 1-month PRO rate of 0.8%.

–	 Spanish studies: in Spain, several groups have been active in 
DRA. The registry of Rivera et al.8 included a total of 1000 DRA 
procedures, with a cannulation success rate of 97.4% and a 
PRO rate of 0.5%. After years of implementation, it would be 
desirable to include DRA-specific data in the annual activity 
report of the Interventional Cardiology Association of the 
Spanish Society of Cardiology to obtain a more precise picture 
of its impact in Spain.

Q.: What advantages has this vascular access demonstrated?

A.: DRA offers several important benefits over CRA, particularly 
in specific settings:

–	 Reduction in PRO:  as previously noted, rates vary and are 
difficult to compare because of the different hemostasis proto-
cols used across various studies. However, the reported rates 
of PRO are very low, ranging from 0.3% to 3.7%.

–	 Shorter hemostasis times:  because of the smaller diameter of 
the distal radial artery (1.5–2.5 mm) and its ease of compression 
in the anatomic snuffbox, DRA requires significantly shorter 
hemostasis times. Studies establish 120–150 minutes for DRA 
compared with 180–240 minutes for CRA. In my routine clinical 
practice, for diagnostic procedures with 50 U/kg of unfractio-
nated heparin, compression times are approximately 20 minutes 
for 5-in-4 Fr introducer sheaths and 45 minutes for 6-in-5 Fr 
introducer sheaths. For interventional procedures with 100 U/kg 
of heparin, compression times are 120 minutes for 6-in-5 Fr and 
150 minutes for 7-in-6 Fr introducer sheaths. This reduction, 
which may reach 50%, decreases the length of stay and 
improves efficiency in outpatient procedures, a particularly 
relevant aspect during the COVID-19 pandemic to minimize 
hospital contact.

–	 Greater patient comfort: the natural arm position (pronation or 
neutral) in DRA reduces discomfort compared with the 
prolonged supination required in CRA, especially for right-sided 
access and in bilateral procedures for chronic occlusions. The 
lower compression pressure required minimizes postoperative 
pain too.

–	 Greater operator comfort: puncture from the right side for left 
DRA, with the hand in a neutral midline position, improves 
ergonomics.

–	 Improved introducer sheath control:  in CRA, patient hand 
pronation after cannulation may hinder visualization of the 
introducer sheath; by contrast, DRA allows uninterrupted 
control throughout the procedure.

–	 Lower rate of local complications: with DRA, the rate of hema-
toma is generally lower due to the smaller arterial caliber and 
easier compression against the bony plane.

–	 Preferred access for recanalization after prior PRO:  DRA is 
particularly useful in patients with proximal radial thrombosis 
following previous CRA procedures, allowing effective restora-
tion of vascular access.

–	 Preservation of the proximal radial artery:  especially relevant 
for repeat procedures, creation of arteriovenous fistulas, or use 
as an aortocoronary graft.

–	 Ease of crossover to CRA:  in the event of distal cannulation 
failure, DRA allows rapid conversion to CRA without the need 
for substantial changes to the approach, providing greater 
operator flexibility.

Q.: Are there technical aspects worth noting?

A.:  DRA requires precise technique and specific considerations. 
Several aspects are important:

–	 Anatomic location: the anatomic snuffbox is bordered laterally 
by the tendons of the abductor pollicis longus and extensor 
pollicis brevis, medially by the extensor pollicis longus, and 
basally by the radial styloid process. The floor is formed by 
the scaphoid, trapezium, and the carpometacarpal joint of the 
thumb. Vascular ultrasound is essential to evaluate the patency 
and diameter of the distal radial artery before the procedure 
and to guide puncture, which is ideally performed over the 
scaphoid plateau to ensure effective compression against a 
bony plane. Very distal (over the thenar eminence) or proximal 
punctures (near the styloid process) may compromise compres-
sion efficacy or the benefits of DRA.

–	 Puncture technique:  the use of 20–22 G needles (preferably 
21–22 G) is recommended, with a puncture angle close to 90° 
under ultrasound guidance. Tilting or rotating the needle 
horizontally is usually required to facilitate passage of the 
metallic microwire. Puncture with an Abbocath is not recom-
mended because of the superficiality of the bony structures.

–	 Adjacent structures: the superficial branch of the radial nerve 
crosses the snuffbox, requiring caution to avoid injury. Tendons 
and bony structures must also be considered.

–	 Spasm prevention: a standard antispasmodic cocktail (nitroglycerin 
100–200 µg or verapamil 2.5–5 mg, plus heparin 50–100 U/kg)  
is recommended to prevent spasm and thrombosis.

–	 Hemostasis: selective hemostasis using wristband-type 
compression devices is essential to precisely control pressure 
and minimize the risk of PRO. These devices allow adjustment 
of compression to the minimum level required to prevent 
bleeding. Either dedicated devices (eg, PreludeSYNC DISTAL, 
Merit Medical, United States) or those commonly used for CRA 
(e.g, TR Band, Terumo, Japan, with the inner plastic splint 
removed) may be employed.

–	 Learning curve:  proficiency in DRA requires 50–100 proce-
dures, with adequate training in vascular ultrasound and 
detailed knowledge of local anatomy.

–	 Catheter selection:  the greater distance to the aortic arch 
(approximately, 4 cm longer) may require longer catheters (110 cm) 
in tall patients or those with complex anatomy. When limited, 
catheters with longer-than-usual curves or sheathless systems 
(which provide a few extra centimeters) can be used.

–	 Type of introducer sheath:  slender, hydrophilic introducer 
sheaths are recommended to facilitate cannulation. In diag-
nostic procedures, slender 5-in-4-Fr introducer sheaths are 
particularly useful.

Q.: Are there situations where DRA may not be indicated?

A.: Yes, and these contraindications include:

–	 Insufficient arterial diameter: < 1.5 mm-arteries increase the 
risk of spasm and failure.
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–	 Complex radial anatomies:  absence of a functional palmar 
arch, hypoplastic distal arteries, and anatomic variations may 
contraindicate DRA. These conditions are uncommon and diffi-
cult to predict without detailed prior ultrasound evaluation.

–	 Procedures requiring catheters > 7-Fr: although rare, they are 
limited by arterial size.

–	 Operator inexperience:  the learning curve for DRA is longer 
than for CRA.

–	 ST-segment elevation acute coronary syndrome: although DRA 
is safe in experienced hands, longer cannulation times in 
novice operators may delay revascularization.

–	 Ipsilateral repeat procedures:  there is a risk of prior throm-
bosis; careful assessment of the anterior radial pulse is 
required, as inadvertent thrombectomy may occur.
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Question: Are there anatomical reasons to propose distal radial 
access over conventional radial access?

Answer:  The answer is yes. The hand has 2 arterial arches: a 
superficial arch, formed by the ulnar artery and the distal radial 
artery under discussion here, and a deep arch, formed by the 
radial and ulnar arteries. It cannot be denied that access via 
superficial radial artery is useful due to its location in the anatomic 
snuffbox, over bones such as the scaphoid and trapezium, which 
make it easily compressible. This results in a 49% lower hemor-
rhage rate after use and a 49% lower rate of thrombosis1 compared 
with conventional radial access. Furthermore, in the presence of 
a superficial radial artery occlusion, either the radial or ulnar 
artery could later be used as an alternative access site.

However, in my opinion, this access is more difficult to perform, 
with a longer learning curve and a higher puncture failure rate, 
which leads to a greater number of cases in which conversion to 
a different type of access (cross-over) is necessary. On the other 
hand, conventional radial access is available in the 2 hands, and 
both ulnar arteries are equally feasible for vascular access, with 
less tortuosity.

Q.: What evidence exists in favor of distal radial access?

A.:  The meta-analysis conducted by the University of Kentucky 
working group2 with data from 18 randomized clinical trials with 
8205 patients found a significantly lower rate of radial artery 
occlusion (P < .001) and a significantly shorter hemostasis time 
(P < .001). Although these figures are statistically significant, the 
rate of radial artery occlusion with conventional access ranges 
from 4% to 10%, compared with 0.3% to 2.8% with distal access.2 

When best clinical practices are implemented with conventional 
access, such as controlled non-occlusive hemostasis, the occlusion 
rate is 0.91%.3 These are very low rates, closer to those of our 

routine clinical practice, which reduces the relevance of that 
theoretical benefit.

Q.:  What specific complications can be associated with this 
vascular access?

A.:  Performing distal radial access is more complex and chal-
lenging, likely because we initially learned conventional radial 
access, and any change feels less comfortable. The study results 
show several important points:

–	 It takes more time to cannulate the artery, puncture duration 
is longer and more puncture attempts are nedded.4

–	 The learning curve is longer (> 200 patients to achieve > 94% 
success rate).5

–	 Cross-over is 3 times more common, requiring an alternative 
access site to successfully complete the procedure.4 Although 
there are no serious complications, delays occur in the manage-
ment of patients in interventional cardiology units.

Q.: Are there situations in which this access might be particularly 
indicated?

A.: Yes, indeed. Whenever we need to preserve the radial artery 
patency, the lower risk of occlusion should be considered—for 
example, in patients requiring an arteriovenous fistula for hemodi-
alysis or in cases where the radial artery may be needed as an 
arterial graft for coronary artery bypass graft surgery. On the other 
hand, in patients with prior bleeding complications associated with 
conventional vascular access, or in those with severe obesity in 
whom effective compression of the radial artery becomes more 
difficult, distal radial access may be considered because it is more 
easily compressible and has lower hemorrhage rates.1
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Feasibility and safety of orbital atherectomy  
in uncrossable lesions

Aterectomía orbitacional en lesiones no cruzables: una técnica  
factible y segura
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Scientific letter

To the Editor,

Orbital atherectomy (OA) is a technique designed to treat non-di-
latable calcified lesions in coronary arteries using the Diamondback 
360 device (Abbott, United States), which consists of a 1.25 mm 
diamond-coated crown that enables bidirectional lesion treatment 
through a dual mechanism by combining centrifugal force (creating 
elliptical orbits) and surface abrasion to modify the calcified 
plaque.1

Intracoronary imaging is recommended if severe calcified lesions 
are suspected; several characteristics guide the use of plaque modi-
fication techniques. In summary, the “rule of 5” can be adopted: 
lesions in which calcium occupies > 50% of the circumference, 
extends > 5 mm longitudinally, and has > 0.5 mm thickness 
require advanced calcium modification techniques. A wide range 
of techniques currently exist for treating calcified lesions, including 
atherectomy systems such as rotational atherectomy (RA) and OA, 
specialized balloons (intravascular lithotripsy, cutting balloons, 
scoring balloons, high-pressure balloons, etc.), as well as excimer 
laser coronary atherectomy (ELCA). Each has advantages and disad-
vantages. In cases of deep calcium layers, OA or intravascular 
lithotripsy (IVL) balloons may be preferred, while for superficial 
calcium, RA and OA are generally used.2

The recently published ROLLER-COASTR study compared RA, 
IVL, and ELCA in calcified coronary disease based on stent expan-
sion assessed by optical coherence tomography (OCT). In this study, 
IVL was non-inferior to RA in terms of stent expansion. ELCA, on 
the other hand, did not reach this threshold (RA, 86.4% ± 14.1%; 
IVL, 85.6% ± 13.3%; ELCA, 80.3% ± 13.3%). The minimum stent 
area, procedural success rate, and complication rates were compa-
rable across all 3 groups.3

“Uncrossable” lesions are those in which a low-profile balloon (≤ 1 
mm) or microcatheter cannot be advanced, thus precluding the 
advancement of intravascular ultrasound or OCT catheters due to 
poor crossing profile. Currently, there is no established recommen-
dation for using OA in uncrossable lesions.

Among potential strategies, ELCA has been recommended for these 
types of lesions due to its ability to modify lesion tissue, which 
subsequently allows advancement of angioplasty equipment. 

However, severe calcification has been associated with ELCA 
failure.4

When comparing atherectomy techniques, studies using OCT to 
assess safety and efficacy profile have shown differences between 
RA and OA. Thus, patients treated with RA have shown a larger 
treated area (1.34 mm2 vs 0.83 mm2; P = .004) and greater stent 
expansion (99.5% vs 90.6%), with no differences in clinical events 
at the 8-month follow-up.5

One case report describes a successful angioplasty for a chronic 
total occlusion in the right coronary artery using OA. This was 
achieved after other techniques, specifically ELCA and RA had 
failed.6

We present our 4-year experience with uncrossable lesions at the 
Hemodynamics Department of Hospital Universitario Lucus Augusti 
(Lugo, Spain). During this time, a total of 114 OAs were performed 
on patients with severely calcified lesions, 6 of which were 
uncrossable (5.3%). The OA clinical database was approved by the 
Galician Health Service ethics committee. The processing of 
informed consent was deemed unnecessary. The clinical and tech-
nical characteristics of the lesions are shown in table 1.

Regarding OA execution, crown movement should be slow, with 
subtle 1 mm-to-3 mm advancements unlike the “pecking” technique 
used with the olive-shaped burr when performing RA. Moreover, 
crown advancement should always be controlled, avoiding forceful 
pushing that could cause verticalization when encountering an 
uncrossable lesion, potentially leading to uncontrolled orbit. This 
situation, along with maintaining the crown in the same position 
for long periods of time can result in complications, such as dissec-
tion, perforation, etc. Such complex uncrossable lesions should be 
treated in cath labs with extensive OA experience and the capacity 
to switch to other techniques, such as RA, ELCA, etc. when needed.

In all our cases, OA was successful, with the crown crossing the 
lesion and allowing subsequent angioplasty without major compli-
cations. Figure 1 illustrates the angiographic images of each case.

Even though this is a small case series, our findings suggest that 
OA could be a valuable technique for treating uncrossable coronary 
lesions, especially when performed by an experienced heart team. 
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Table 1. Clinical and technical characteristics of orbital atherectomy cases in uncrossable lesions

Case Sex
Age 
(years)

Clinical 
context

Coronary 
artery

Primary 
ViperWire 
passagea

Device  
that failed  
to cross

Number 
of cycles

High  
speed use 
(120 000 rpm)

Prior 
atherectomy 
technique

Devices used 
after orbital 
atherectomy

Number  
of stents

Complications Other

1 Male 74 NSTEACS LAD Yes 0.85 mm  
SC balloon

4 No No NC balloon 2 None –

2 Male 68 CCS RCA No 1.9-Fr 
microcatheter

8 Yes No Cutting balloon
NC balloon

3 Distal dissection with 
preserved blood flow 
after balloon angioplasty

ISR (stents implanted 
> 1 year)

3 Female 82 STEACS LMCA-LAD Yes 1 mm  
SC balloon

5 No No NC balloon 2 None Cardiogenic shock 
with IABP placement

4 Male 73 NSTEACS RCA Yes 1 mm  
SC balloon

3 Yes No Cutting balloon,
NC balloon

1 None –

5 Male 78 NSTEACS RCA Yes 1 mm  
SC balloon

10 Yes Yes (ELCA)b Cutting balloon
NC balloon

2 None –

6 Male 57 CCS RCA No 1.9-Fr 
microcatheter

7 Yes No NC balloon 3 Slow flow resolved  
after the administration 
of intracoronary 
epinephrine

Guidewire tip  
perforation without 
pericardial effusion, 
later resolved

CCS, chronic coronary syndrome; ELCA, excimer laser coronary atherectomy; IABP, intra-aortic balloon pump; ISR, in-stent restenosis; LAD, left anterior descending coronary artery; LMCA-LAD, left main coronary artery-left anterior 
descending coronary artery; NC, non-compliant; NSTEACS, non-ST-segment elevation acute coronary syndrome; RCA, right coronary artery; SC, semi-compliant; STEACS, ST-segment elevation acute coronary syndrome.
a ViperWire (Abbott, United States) is the specific guidewire for the orbital atherectomy (OA) device. In cases where the ViperWire did not cross initially, a microcatheter mounted over an intracoronary guidewire was advanced towards 
the uncrossable area. Since it could not be advanced further, it was later exchanged, and the OA guidewire eventually crossed from that point.
b The bias introduced by the use of ELCA should be considered (7 pulses in total —starting with 30 mJ and 25 Hz— and 5 pulses at a maximum energy peak of 80 > and 80 Hz); although ELCA failed to cross the lesion, it modified the plaque 
tissue favoring the subsequent success of OA.
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Figure 1. Baseline coronary angiography, orbital atherectomy (OA), and final 
coronary angiography. The arrows point to the uncrossable lesion, and the 
stars indicate the OA crown.

However, larger prospective studies are still needed to confirm this 
initial hypothesis.
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Scientific letter

To the Editor,

Premature coronary artery disease (CAD) affects 7%-10% of patients 
younger than 55 years, leading to reduced quality of life and a 
significant risk of adverse events.1

Percutaneous coronary intervention (PCI) with drug-eluting stents 
(DES), the standard treatment for this populations, is associated 
with a 7.3% rate of failure at the 3-year follow-up.2 The use of 
drug-coated balloons (DCB) eliminates the need for permanent stent 
strut deployment, offering potential advantages to patients with 
premature CAD.3 However, the clinical efficacy of DCB angioplasty 
in premature CAD remains underexplored.

The aim of this study was to compare the efficacy of DCB angio-
plasty in patients aged < 55 and ≥ 55 years undergoing PCI with 
sirolimus-coated balloon (SCB).

EASTBOURNE (ClinicalTrials.gov: NCT03085823) is a prospective, 
multicenter, investigator-initiated study that included consecutive 
patients who underwent PCI with the MagicTouch SCB (Concept 
Medical, United States) at 38 European and Asian centers from 
2016 through 2020. Exclusion criteria were unsuccessful target 
lesion predilation with persistent residual percent diameter stenosis 
> 50%, highly tortuous target vessel, severe target vessel calcifi-
cations, and high thrombus burden in the target lesion, not 
amenable to treatment with manual aspiration.4 PCI was performed 
following the recommendations of the DCB Consensus Group.3 
The primary endpoint was 2-year clinically indicated target lesion 
revascularization (TLR), defined as target lesion reintervention 
after demonstrating at least 70% narrowing and objective evidence 
of ischemia, as confirmed by stress testing or functional assess-
ment. Secondary endpoints included non-fatal myocardial infarc-
tion (MI), target vessel MI, all-cause mortality, and cardiac death 
at 2 years. All angiographic data were analyzed by quantitative 
coronary angiography by 2 independent, experienced operators. A 

dedicated and independent committee assessed all reported events. 
The study, conducted in full compliance with the Declaration of 
Helsinki, was approved by the ethics committee of the coordi-
nating center (ASST FBF-Sacco, Milan: Comitato Etico Area B 
Milano, Italy), and all participating centers. All patients signed the 
informed consent form prior to being included in the study. Cate-
gorical variables were compared using the chi-square test, and the 
continuous ones were analyzed using the Student t test. Propensity 
score matching was used to adjust for clinical confounders, with 
successful matching defined by standardized mean differences < 0.1 
for all covariates, indicating adequate balance (figure 1 of the 
supplementary data). All statistical tests were 2-tailed, and a P 
value < .05 was considered statistically significant. All statistical 
analyses were performed using R version 4.0.1 (R Foundation for 
Statistical Computing). 

A total of 2054 patients were included in the analysis. Patients aged 
< 55 years (n = 305 [14.8%]) were more likely to be men (272 
[89.2%] vs 1394 [79.7%]; P < .001), smokers (132 [43.3%] vs 399 
[22.8%]; P < .001) and had a higher prevalence of obesity (88 
[28.9%] vs 327 [18.7%]; P < .001), while those aged ≥ 55 years  
(n = 1749 [85.2%]) had a higher rate of hypertension (1421 [81.2%] 
vs 159 [52.1%]; P < .001), dyslipidemia (1283 [73.4%] vs 202 
[66.2%]; P = .013) and chronic kidney disease (200 [11.4%] vs 13 
[4.3%]; P < .001) (table 1). A total of 2302 lesions (339 in the young 
patient group, 1963 in the old patient group) were considered for 
the analysis. Patients aged < 55 years exhibited smaller target 
vessel diameters (2.50 mm ± 0.54 vs 2.67 ± 0.59; P < .001), longer 
lesions (19.81 mm ± 9.04 vs 18.63 ± 9.16; P = .004) and a higher 
prevalence of de-novo lesions (254 [74.9%] vs 1024 [52.2%];  
P < .001) vs those aged ≥ 55 years. Furthermore, SCB were longer 
(24.75 mm ± 10.17 mm vs 22.93 ± 8.57; P = .002), had a higher 
diameter (2.58 mm ± 1.34 mm vs 2.68 ± 0.59; P < .001) and were 
inflated at lower pressures (9.03 atm ± 3.43 atm vs 10.12 ± 3.80; 
P < .001) in patients younger than 55 years (table 1 of the supple-
mentary data). 
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At the 2-year follow-up, patients aged < 55 years experienced a 
lower rate of TLR (14 [4.6%] vs 144 [8.2%]; P = .037), all-cause 
mortality (2 [0.7%] vs 98 [5.6%]; P < .001) and cardiac death (0 [0.0%] 
vs 32 [1.8%]; P = .033) vs the other group (figure 1). There were 
no significant differences for the other endpoints between the  
2 groups (table 2 of the supplementary data). When analyzing 
different subgroups, a lower rate of TLR was observed in patients 
aged < 55 years in the small-vessel (< 3 mm) CAD cohort (5 [2.2%] 
vs 77 [6.8%]; P = .006) (table 3 of the supplementary data), while 
no differences were observed in large-vessel CAD between the  
2 groups (9 [11.5%] vs 67 [11.0%]; P = .849) (table 4 of the supple-
mentary data). Finally, younger patients had a better prognosis vs 
patients aged ≥ 55 years after propensity score matching (table 5 of 
the supplementary data).

This subanalysis of the EASTBOURNE study assessed the clinical 
performance of the MagicTouch SCB based on patient age (< 55 
and ≥ 55 years). Younger patients presented with a distinct clinical 
risk factor profile, characterized by higher rates of smoking and 
obesity, and a lower rate of other cardiovascular risk factors. Addi-
tionally, coronary artery lesions in patients aged < 55 years were 
longer and involved smaller vessels, with a similar distribution and 
complexity vs the other group. Importantly, patients aged < 55 
years demonstrated a better prognosis vs old patients, with nearly 

half the risk of TLR at 2 years. This difference was particularly 
pronounced in the small-vessel CAD cohort, where younger patients 
experienced a significant threefold lower risk of TLR, and a seven-
fold lower risk of MI vs older patients.

The overall rate of TLR was relatively low (4.6%) at 2 years in 
young patients with CAD treated with the MagicTouch SCB. This 
promising finding is consistent with a recent study by Yang et al.,2 
which compared the prognosis of DCB and DES in young (≤ 45 
years) patients with MI. The authors reported a numerically lower 
rate of TLR (3.0% vs 9.1%) in the DCB group at the 3-year follow-up 
vs those treated with DES.2

Of particular interest is the recent ANDROMEDA study (assess-
ment of long-term clinical outcomes of de novo DCB performance: 
a comprehensive, individual patient data meta-analysis of random-
ized clinical trials), an individual patient data meta-analysis that 
demonstrated lower rates of major adverse cardiovascular events 
and target lesion failure with paclitaxel DCB vs DES, in patients 
with de novo small vessel CAD aged < 67 years.5 Previous evidence 
has shown that younger patients are at a higher risk of late stent 
thrombosis due to delayed vessel healing and higher rates of 
neo-atherosclerosis. From a mechanistic standpoint, DCBs could be 
beneficial for young patients with CAD by minimizing stent-related 

Table 1. Baseline clinical features in the overall population and in the 2 study groups

Characteristics Study population (n = 2054) Patients aged < 55 years (n = 305) Patients aged ≥ 55 years (n = 1749) P value

Age 66.61 ± 11.14 48.67 ± 5.19 69.73 ± 8.67 < .001

Male sex 1666 (81.1) 272 (89.2) 1394 (79.7) < .001

Hypertension 1580 (76.9) 159 (52.1) 1421 (81.2) < .001

Obesity 415 (20.2) 88 (28.9) 327 (18.7) < .001

Diabetes 856 (41.7) 94 (30.8) 762 (43.6) < .001

Hypercholesterolemia 1485 (72.3) 202 (66.2) 1283 (73.4) .013

Smoking habit 531 (25.9) 132 (43.3) 399 (22.8) < .001

Family history of CAD 468 (22.8) 77 (25.2) 391 (22.4) .300

Chronic kidney disease 213 (10.4) 13 (4.3) 200 (11.4) < .001

Heart failure 166 (8.1) 15 (4.9) 151 (8.6) .037

Previous stroke 93 (4.5) 7 (2.3) 86 (4.9) .060

PAD 856 (41.7) 94 (30.8) 762 (43.6) < .001

Previous MI 881 (42.9) 139 (45.6) 742 (42.4) .336

Previous PCI 1360 (66.2) 150 (49.2) 1210 (69.2) < .001

Previous CABG 241 (11.7) 13 (4.3) 228 (13.0) < .001

LVEF 52.49 ± 9.33 52.93 ± 9.05 52.41 ± 9.38 .473

Clinical presentation .684

CCS 1106 (53.8) 168 (55.1) 938 (53.6)

Unstable angina 355 (17.3) 49 (16.1) 306 (17.5)

NSTEMI 436 (21.2) 48 (15.7) 388 (22.2)

STEMI 157 (7.6) 40 (13.1) 117 (6.7)

CAD, coronary artery disease; CABG, coronary artery bypass grafting; CCS, chronic coronary syndrome, LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI, 
non-ST-segment elevation myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; SD, standard deviation; STEMI, ST-segment elevation 
myocardial infarction.
Data are expressed as no. (%), mean ± standard deviation.
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complications (such as in-stent restenosis and thrombosis), 
preventing long-term coronary inflammation, preserving endothe-
lial function, and promoting positive vessel remodeling.6

In conclusion, this subanalysis of the EASTBOURNE study revealed 
a lower rate of TLR at 2 years in young vs old patients, particularly 
in the small-vessel CAD subgroup. These findings suggest that DCB 
could be a promising strategy regarding the revascularization of 
young patients. Of note, patients aged ≥ 55 years had a higher 
burden of risk factors, such as hypertension, diabetes, chronic 
kidney disease, which may partly explain their worse prognosis.

This study is limited by its observational study design, the lack of 
a DES group for comparison purposes, and the fact that the decision 
to use SCB was left to the operator’s discretion, potentially intro-
ducing selection bias. Moreover, the large difference in sample size 
between the 2 groups and the low number of adverse events limits 
the statistical power and generalizability of our findings. Further-
more, paclitaxel DCBs, different in their antirestenotic mecha-
nisms,6 were not investigated. Larger future studies are eagerly 
awaited to compare the clinical performance of DCB vs DES in 
young patients with CAD.
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Conclusions
This sub-analysis of the EASTBOURNE study revealed a lower rate of TLR at 2 years in young (n = 305, 14.8%) 

vs old (n = 1749, 55.2%) patients with CAD treated with SCB, particularly in the small-vessel subgroup
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It was decided to perform transcatheter aortic valve implantation (TAVI) in an 82-year-old woman with severe aortic stenosis who had 
mitral and tricuspid mechanical prostheses, and no coronary lesions. Computed tomography showed an annulus – left coronary artery 
(LCA) distance of 10.5 mm. There were indicators of coronary occlusion risk: a 21.2 mm sinotubular junction, a left leaflet length (figure 1A, 
asterisk) longer than the annulus – LCA distance, and right and non-coronary Valsalva sinuses < 25 mm (figure 1A,B). We implanted a 
23 mm self-expanding valve and protected the LCA with a 4.5 mm × 26 mm stent (figure 1C). After implantation and, although the left 
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main coronary artery remained patent, we failed to remove the stent, leaving it trapped between the prosthesis and the calcified aortic 
wall (figure 1D). A first failed capture attempt was made via radial access through the initial JL 3.5 catheter and a snare. As an alternative, 
another JL 4 catheter was advanced via contralateral femoral access, and a guide catheter extension system was introduced through the 
cells of the prosthesis (video 1 of the supplementary data). The snare was advanced distal to the stent, and upon withdrawal, it was 
captured (video 2 of the supplementary data, figure 1E). The stent-snare-guide extension assembly was extracted in one piece, maintaining 
as much traction as possible with the JL 4 catheter to avoid displacing the newly implanted prosthesis. There were no complications (figure 1F).

We would like to highlight the use of a guide catheter extension system as first-line coronary protection in TAVI to avoid stent entrapment 
during removal when implantation has been deemed unnecessary.
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Chiari network. A potential enemy in patent foramen 
ovale closure
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A 47-year-old man with a cryptogenic stroke and a patent foramen ovale (PFO) was referred for percutaneous closure. Transesophageal 
echocardiography (TEE) revealed the presence of a large PFO and a prominent, hypermobile Chiari network (CN) (figure 1A; LA, left 
atrium; PFO, patent foramen ovale; RA, right atrium). Percutaneous closure was intracardiac echocardiography (ICE)-guided via femoral 
venous access (figure 1B and video 1 of the supplementary data). A floppy 0.035 in J-tip wire crossed through the PFO and was exchanged 
for an extra-stiff wire using a multipurpose catheter. Measurements were performed using a 24 mm sizing balloon and a maximum 
separation of 10 mm. After sizing balloon removal, despite appropriate anticoagulation, ICE showed a hyperreflective, filiform image on 
the left atrium attached to the guidewire (figure 2A and video 2 of the supplementary data), and a blood clot was suspected. The entire 
system was removed revealing fibrous, multifenestrated tissue attached to the guidewire, which was sent to pathology and confirmed as 
part of the CN (figure 2B). Finally, a 30 mm GORE CARDIOFORM Septal Occluder (W.L. Gore & Associates, United States) was implanted 
with no residual shunt, CN remnants (video 3 of the supplementary data), or embolic complications.

This case suggests that, after ruling out thrombotic phenomena, the wire passed through one of its fenestrations before moving into the 
PFO, with the sizing balloon tearing and displacing the CN into the left atrium. This highlights the risks of CN interference during PFO 
closure and the importance of timely ICE or TEE imaging for detection purposes.
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