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Editorial

We have been treating patients with severe aortic stenosis and low 
surgical risk using transcatheter aortic valve implantation (TAVI) 
for quite a few years, and the proportion of patients with this profile 
treated with this option is increasingly higher.1 However, the rapid 
expansion of this technique is unfolding with relevant unknowns 
that are still under investigation,2 such as the risk of infective endo-
carditis (IE)—a rare yet serious complication. In a study recently 
published in REC: Interventional Cardiology, Barreiro et al.3 investi-
gated the actual incidence and prognosis of IE in this context 
compared with patients undergoing conventional surgical aortic 
valve replacement (SAVR) with a biological prosthetic valve.

In the study, the direct comparison between the incidence of IE in 
patients undergoing TAVI and those treated with SAVR shows that 
the rate is very similar across groups (1.29% in TAVI vs 1.64% in 
SAVR).3 This incidence—although low—is higher than that reported 
in studies conducted with low-risk patients, such as the NOTION trial 
(0.5% in TAVI vs 0.8% in SAVR at 5.6 years) and the PARTNER 3 
trial (0.4% in TAVI vs 0.6% in SAVR at 3 years).4,5 On the other hand, 
the authors report a similar rate of surgical procedures performed in 
both groups and an equally similar overall mortality rate. These 
findings contrast with previous reports that suggested a lower indica-
tion for surgery in patients undergoing TAVI with IE complications,6 
but also lower mortality rates in the TAVI group (at 1 year, 27.3% in 
the TAVI group [95% confidence interval, 1-53.6%] vs 51.8% in the 
SAVR group [95% confidence interval, 28.2-75.3%]).7

To interpret these discrepancies with former studies, it is essential 
to consider the differences in the patients’ baseline profile. One of 
the most relevant aspects is the significant disparity across the 
groups in terms of age, comorbidities, and surgical risk profile. 
Patients undergoing TAVI were considerably older than those 
treated with SAVR (76 vs 63 years; P < .001), which per se increases 
the risk of complications, including IE. Additionally, TAVI patients 
had a higher prevalence of diabetes (70% vs 29%; P = .034), which 
is a known risk factor for contracting IE and having a worse 
prognosis.8-10 Although Barreiro et al.3 clarify that TAVI was 
performed in patients with significantly higher EuroSCORE II 
scores no full adjustment was made for these differences when 
studying the rate of IE. Therefore, SAVR patients were generally 

younger and had a lower comorbidity burden, which could have 
influenced a higher reintervention rate and reduced IE mortality, 
not necessarily attributed to the type of intervention per se. This 
suggests that the similar rates of IE and its intervention, as well as 
similar prognoses, might not hold true if populations were truly 
comparable. Differences with other studies may also be due, as the 
authors acknowledge,3 to the small number of patients analyzed.

The study also addresses the characteristics of IE in patients uner-
going TAVI and SAVR, highlighting that a significant proportion of 
early IE (around 50%) was observed in the 2 groups. In this regard, 
there are several differential nuances that should be taken into 
consideration:

–	 The possibility of infection in the early stages after TAVI could 
be related to valve manipulation during implantation, not 
always under the same sterile conditions as in the operating 
room.

–	 Transfemoral access per se could expose patients to certain 
colonizing pathogens, such as enterococci, which are currently 
the most common in IE in TAVI carriers—but not after SAVR—
in most series.

–	 Post-TAVI manipulations are different and could act as an entry 
point. Although generally minimally invasive, certain surgical 
procedures—such as pacemaker implantation—are more frequent, 
and TAVI is increasingly performed in patients with active 
gastrointestinal oncological processes, which are a predisposing 
factor for very characteristic IE-causing microorganisms.

–	 Finally, the above-mentioned worse profile of TAVI patients, 
with older age and presence of comorbidities—particularly 
diabetes mellitus—are factors favoring IE by increasing suscep-
tibility to infections.

The fact that these patients are more prone to infectious complica-
tions means that direct comparison with younger, less comorbid 
patients undergoing SAVR should be interpreted with caution 
without proper adjustment for these factors.

REC Interv Cardiol. 2025;7(2):69-70
https://doi.org/10.24875/RECICE.M25000498
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In conclusion, the study by Barreiro et al.3 provides valuable data 
on the rate of IE in patients undergoing TAVI vs SAVR. The lack 
of a difference-adjusted analysis in the baseline characteristics 
between the 2 groups is per se a limitation that should not be 
overlooked. Differences in age, comorbidity prevalence, and base-
line surgical risk may have significantly influenced the results 
obtained. The incidence of IE is, in part, a reflection of the patients’ 
underlying risk, and not just the type of surgery performed, which 
is why the results of this study should be interpreted with caution.
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Editorial

INTRODUCTION

The European Association of Percutaneous Cardiovascular Inter-
ventions (EAPCI) was founded back in 2006 from the former 
European Society of Cardiology (ESC) Working Group on Interven-
tional Cardiology. Within the ESC, and as 1 of 7 different sub-spe-
cialties associations, EAPCI mission is specifically aimed at reducing 
the burden of cardiovascular disease through percutaneous cardio-
vascular interventions.

EAPCI empowers interventional cardiologists through a robust 
network of resources specifically designed to meet the demands of 
contemporary practice. In the following sections, we will outline 
the key benefits of EAPCI membership across several domains, 
including science, content, education, advocacy, and collaboration 
(figure 1). Each of these pillars contributes to a framework that not 
only keeps members at the cutting edge of interventional cardi-
ology, but also fosters collaboration with national working groups 
and societies to move the field forward collectively.

By highlighting these core advantages, we hope we can underscore 
the true value of EAPCI membership in helping interventional 
cardiologists navigate the current fast-paced clinical environment 
and drive the future of interventional cardiology to improve daily 
clinical practice and scientific projects.

SCIENTIFIC ACTIVITIES CONDUCTED BY EAPCI

EAPCI scientific documents provide guidance for the clinical 
management of topics not covered in the ESC clinical practice 
guidelines complementing them by providing more in-depth infor-
mation in specific areas that cannot be expanded upon in the 
guidelines.

EAPCI produces scientific documents and consensus statements 
specific to the domain of percutaneous cardiovascular interventions 
and in collaboration with other ESC associations, councils and 
working groups on topics overlapping among the different subspe-
cialties and with affiliated countries (ie, the Society for Cardiovascular 

Angiography & Interventions, SCAI). A dedicated EAPCI website 
grants access to all EAPCI consensus documents and EAPCI posi-
tion papers (2009-2024).1

The 2022-2024 EAPCI Scientific Documents Committee conducted 
extensive work developing new standard operating procedures that 
have, recently, been more widely adopted by the ESC Scientific 
Documents Committee. These new standard operating procedures 
guarantee that all EAPCI members can participate in the drafting 
of these documents. In addition, to guarantee inclusivity a balance 
between geographies and sex is guaranteed.

CONTENT CREATED BY EAPCI

The aim of the unique EAPCI Journal Club format is to provide a 
true valuable platform for disseminating recent clinical trials, 
fostering discussions on clinical implications, and guiding the 
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Figure 1. Why join the European Association of Percutaneous Cardiovascular 
Interventions (EAPCI)?
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integration of new data into clinical practice. The discussion of 
recent clinical trials addresses different aspects of cardiovascular 
interventions and pharmacotherapy, offering insights into cutting-
edge therapeutic strategies and evolving standards of care.

The EAPCI Journal Club enables attendees to engage directly with 
principal investigators of the clinical trials and clarify clinical 
questions.

By promoting interaction among global experts, EAPCI webinars 
are tailored to the latest advances and best practices in cardiovas-
cular interventions. The webinars serve as a link between research 
and clinical application. All content is available on demand on the 
EAPCI official website2 and the ESC365 platform for EAPCI 
members at any time.3

EDUCATIONAL RESOURCES BY EAPCI

EAPCI offers comprehensive educational resources to support 
professionals in interventional cardiology.

EAPCI Certification is an exam designed to assess knowledge and 
skills in percutaneous cardiovascular interventions. Earning this 
certification is a significant accomplishment for professionals, as it 
verifies a high level of competence and dedication in interventional 
cardiology. For nurses and health care support specialists, achieving 
such a certification provides career advancement opportunities, 
enhances confidence in clinical practice, and solidifies their role in 
a multidisciplinary care team.

EAPCI online courses are another key offering providing struc-
tured, modular learning opportunities for participants to explore 
specific topics at their own pace. These courses include interactive 
elements, such as case studies and assessments, reinforcing knowl-
edge and promoting practical understanding. For nurses and health 
care support specialists, online courses focus on essential areas such 
as perioperative care, device management, and complication 
prevention, providing them with essential, job-specific skills to 
improve patient outcomes.

Altogether, EAPCI Certification, EAPCI webinars, and EAPCI 
online courses foster a supportive and enriching learning environ-
ment empowering nurses and health care support specialists to 
expand their knowledge, achieve certifications, and deliver high-
quality, patient-centered cardiovascular care.

In addition, EAPCI is further expanding its educational offers 
through an agreement signed between the ESC and Europa Group. 
EAPCI official courses are EuroPCR, the EAPCI PCR Fellows 
Course, and PCR London Valves. The official textbook is the 
PCR-EAPCI Textbook4 and EuroIntervention5 is EAPCI official 
journal.

Advocacy provided by EAPCI

In terms of advocacy, the key objectives of EACPI are to under-
stand and overcome barriers preventing patients from receiving the 
appropriate diagnostics and treatment, and evaluate and improve 
patient experience during interventional procedures. 

To achieve the first goal, the ATLAS in Interventional Cardiology 
has been developed as the landmark project, allowing comparisons 
across different contemporary interventional cardiology practices 
in multiple ESC countries and the use of this information when 
negotiating reimbursement policies with national regulatory bodies. 
Data collection started in 2016 and the first report was published 

in 20206 mainly on human resources, infrastructure and procedural 
volumes.

To achieve the second goal, the Patient Experience in the Catheter-
ization Laboratory (PATCATH) tool,7 patient information videos8 
and Valve for Life initiative9 have been launched in collaboration 
with the EACPI Patient Engagement Committee. The PATCATH 
tool has been developed to try to understand and improve the 
patients’ experience while undergoing interventional cardiology 
procedures and is now fully available in 10 different languages. In 
addition, 5 patient information videos on percutaneous cardiovas-
cular interventions have been produced to help patients understand 
these procedures, which remain available for use by EAPCI 
members in English, French, German, Italian, and Spanish. The use 
of PATCATH demonstrated that patient understanding of common 
cardiovascular procedures may be suboptimal.7,10 In turn, patients 
who were shown a dedicated video animation prior to the proce-
dure tended to have more positive informational experience.11

Finally, the Valve for Life initiative  launched in 2015 aims to 
improve transcatheter aortic and atrioventricular valve interven-
tions across Europe to raise awareness, facilitate access to transcath-
eter heart valve interventions and, last but not least, reduce age 
and gender discrimination regarding access to health care.9 Recently, 
a survey has been distributed to all national societies to identify 
current gaps in structural valve procedires to identify the countries 
and topics that should be addressed in the next edition. 

EACPI INITIATIVES FOR THE YOUNG 

Identificating and addressing the needs of the young community is 
one of the key EAPCI goals. Currently, almost 50% of all EAPCI 
members are younger than 40 years and 25% are in training.

The EAPCI Young Committee has identified networking, education 
and mentoring as the priorities for 2024-2026. The networking 
opportunities for young EAPCI members include the possibility to 
participate in joint sessions during national society congresses, 
expand collaboration with other ESC associations, working groups, 
and affiliated countries.

In terms of education, young EAPCI members have access to online 
educational resources, including a step-by-step video library created 
for early career interventional cardiologists. 

Two programs are dedicated to young members:

1.	 The 12-month EAPCI Online Coaching Program that promotes 
the personal development of young interventional cardiologists 
with practical, research and personal development tips in a 
one-to-one mentor-mentee relationship. The upcoming coaching 
program includes further development of the existing mentor-
ship program and will include more mentors among the EACPI 
members on interventional skills and career development 
(“leadership accelerator”) and create mentorship for very early 
career colleagues and even students with young mentors 
(“young to young”). 

2.	 The Education and Training Grant program provides an oppor-
tunity for clinical training in the interventional cardiology 
field in a country from ESC National Cardiac Societies other 
than their own. The goal of this grant is to help young candi-
dates attain clinical competence with hands on activities and 
acquire experience on high-quality cardiological clinical prac-
tice to contribute to improving academic and clinical standards 
upon return to their own country. The number of grants has 
increased in the last term. 
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To underline the valuable contribution of young members, EACPI 
introduced a 50% reduced membership fee of €75/year for people 
younger than 40 years. 

EAPCI-EMPOWERED COLLABORATION

ESC National Cardiac Societies are the founders and principal 
constituent bodies of the ESC. Currently, there are 58 national 
cardiac societies.12 As institutional members they pay a member-
ship fee and vote to help shape the future of cardiology and drive 
ESC activities. They are also instrumental in ESC research, dissem-
ination of clinical practice guidelines and a wide range of other 
activities.

The presidents, or their official representatives, make up the EAPCI 
National Cardiac Societies Committee whose aim is to promote 
interactions across countries and help understand the diverse needs 
of different geographical areas to foster collaboration. For example, 
in collaboration with the German Interventional Working Group 
(AGIK) EAPCI became a cooperation partner in a 2-day Complete 
Higher Risk Indicated Percutaneous Coronary Intervention course 
held in Berlin in 2024 called AGIK CHIP International. Many joint 
sessions have recently been held at various national society 
congresses, including the Romanian Society of Cardiology, APIC 
(Associação Portuguesa de Intervenção Cardiovascular), and GISE 
(Società Italiana di Cardiologia Interventistica).

With EAPCI global scope collaborative relationships with many 
ESC Affiliated Cardiac Societies,13 for the first time, an EAPCI 
International Committee was established for 2024-2026 whose plan 
is to build bridges and promote global collaborations through joint 
sessions in congresses and courses, creating scientific documents 
and preparing webinars together.

An agreement has already been reached with the Society for Cardio-
vascular Angiography & Interventions (SCAI) with a joint session 
at the SCAI meeting in 2024 and 2 scientific documents with 
collaboration between SCAI and EAPCI are already being drafted. 
A joint session between EAPCI and the Latin American Society of 
Interventional Cardiology (SOLACI) was held in Buenos Aires 
(Argentina) in 2024 demonstrating the importance of global collab-
oration and education to achieve common goals. More collaborative 
events and scientific projects are in the pipeline with other affiliated 
countries. 

THEN, WHY JOIN EAPCI?

EAPCI serves as a vital platform for interventional cardiologists to 
address the challenges of a rapidly evolving medical landscape. By 
offering access to cutting-edge scientific content, innovative educa-
tional opportunities, and robust collaborative networks, EAPCI 
provides its members with tools to stay at the forefront of inter-
ventional cardiology. From contributing to the development of 
groundbreaking scientific documents and consensus statements to 
leveraging platforms such as the Journal Club and ESC365 for 
continuous learning, EAPCI ensures its members are prepared to 
deliver optimal patient care. Additionally, advocacy initiatives such 
as the ATLAS project and Valve for Life underline EAPCI commit-
ment to improving access to cardiovascular interventions across 
Europe and beyond. In addition, it provides an ideal platform for 
early career doctors and those in training to have access to educa-
tional offers, a one-to-one coaching program, fellowship grants 
providing access to an international network to become the future 
leaders of tomorrow. The EAPCI membership not only fosters 
professional growth but also strengthens global collaboration, 
making it an essential step for those wishing to lead and innovate 

in the field of interventional cardiology. Join EAPCI and become a 
member by scanning the QR code (figure 2) to access these benefits 
and help shape the future of our specialty.
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ABSTRACT

Introduction and objectives: Infective endocarditis (IE) is a rare but serious complication in patients with aortic valve stenosis 
undergoing transcatheter aortic valve implantation (TAVI). The spread of this technique to lower risk patients means that this 
complication may increase. The objective of this study was to analyze the incidence and mortality of IE in TAVI patients vs patients 
undergoing surgical aortic valve replacement (SAVR).
Methods: We conducted an observational, single-center, retrospective cohort study that included all cases of IE diagnosed consec-
utively in a Spanish reference center from 2008 through 2022 in patients with TAVI vs SAVR.
Results: The study included a total of 10 cases of IE in 778 patients treated with TAVI, with an incidence rate of 0.09/100 patients/
year vs an incidence rate of 0.12/100 patients/year in surgical bioprostheses with 24 cases in 1457 patients (P  =  .64) (median 
follow-up of 49 months (p25-p75: 29-108). Clinical features were very similar, with 50% of TAVI patients having cardiac compli-
cations vs 33% of SAVR patients (P = .33). Although 40% of the patients from the TAVI group had a surgical indication for IE and 
50% for SAVR, P = .49), only half of them underwent surgery in both groups (20% TAVI vs 25% SAVR; P =  .93). No differences 
were reported in the 1-year mortality rate (30% TAVI vs 29% SAVR; P = .56). 
Conclusions: The incidence rate of IE in this long series of TAVI patients was low and despite the worse clinical profile of TAVI 
patients, no significant mortality differences were found compared with the group of patients with surgical bioprosthesis.

REC Interv Cardiol. 2025;7(2):75-81
https://doi.org/10.24875/RECICE.M24000489

Keywords: Infectious endocarditis. Aortic stenosis. Surgical aortic valve replacement. Transcatheter aortic valve implantation.

Endocarditis infecciosa tras prótesis valvular aórtica percutánea: 
comparación con bioprótesis quirúrgicas

RESUMEN

Introducción y objetivos: La endocarditis infecciosa (EI) es una complicación infrecuente, pero grave, en los pacientes con estenosis 
valvular aórtica que han recibido un implante percutáneo de válvula aórtica (TAVI). La extensión de esta técnica a pacientes de 
menor riesgo hace que esta complicación pueda aumentar. El objetivo del estudio fue analizar la incidencia y la mortalidad de la 
EI en pacientes con TAVI en comparación con la EI en pacientes con recambio valvular aórtico (RVAo). 
Métodos: Estudio observacional, unicéntrico, retrospectivo de cohortes, que incluyó todos los casos de EI diagnosticados de manera 
consecutiva en un centro español de referencia, desde 2008 hasta 2022, en pacientes con TAVI, y se compararon con las EI en 
pacientes con RVAo.
Resultados: Hubo 10 casos de EI en 778 pacientes tratados con TAVI, con una tasa de incidencia de 0,09/100 pacientes/año, frente 
a 24 casos en 1.457 pacientes con RVAo, con una tasa de incidencia de 0,12/100 pacientes/año (p  =  0,64), en una mediana de 
seguimiento de 49 meses (p25-p75: 29-108). Los pacientes con TAVI eran mayores, tenían más diabetes mellitus y un EuroSCORE 
mayor. El microorganismo más frecuente fue el enterococo (30% TAVI frente a 33% RVAo; p = 0,89). La evolución clínica fue muy 
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) revolutionized the 
treatment of severe aortic valve stenosis over the past decade.1,2 
Furthermore, in recent years, there has been a clear preference for 
TAVI over surgical techniques regarding the treatment of this 
valvular heart disease, with an increasing number of patients, 
including low surgical risk ones.3 Although post-TAVI infective 
endocarditis (IE) is a rare complication reported in 1% up to 6% of 
patients, it is often associated with grim clinical outcomes and high 
mortality rates despite diagnostic1,2 and therapeutic4 advances. 
Complications are expected to rise exponentially as the number of 
TAVIs continues to rise at a constant rate in our setting as well.5

Few studies have compared the incidence of IE on TAVI and surgical 
aortic valve replacement (SAVR). However, randomized clinical 
trials have shown similar annual incidences of IE after SAVR and 
TAVI.6,7 Due to the strict patient selection of such studies, the 
results obtained in each center during the routine clinical practice 
may vary, and few studies like this using dedicated databases have 
been conducted. A multicenter study8 revealed the characteristics 
of IE on TAVI vs SAVR and the outcomes of a large patient cohort, 
yet it did not analyze the incidence of IE. Assessing the outcomes 
of this severe complication at each center should be a priority due 
to its potential impact on decision-making for the heart team.3

The aim of the present study was to analyze both the incidence and 
mortality rates of IE on TAVI vs SAVR patients from a tertiary 
teaching hospital in a long series of patients with severe aortic 
stenosis.

METHODS

Study design and population

We conducted an observational, single-center, retrospective study 
of a prospective cohort including all cases of IE in symptomatic 
patients with severe aortic valve stenosis treated with TAVI or 
SAVR using a biological prosthetic valve, diagnosed, and followed 
at a tertiary teaching referral hospital by an endocarditis team from 
January 2008 through December 2022.

Endpoints and definitions

The primary endpoint of the study was to analyze the overall 
incidence and mortality rates of IE on TAVI at our center. Secondary 

endpoint was to compare both rates in patients with IE on TAVI 
and SAVR during the same period. Another secondary endpoint 
was to study the number of patients who underwent surgery for 
IE in both groups. IE was diagnosed using the Duke criteria9 or the 
2015 European Society of Cardiology modified criteria10 depending 
on the time of diagnosis in the study period. Cases of IE in TAVI 
patients during this period were identified, and their characteristics 
were compared with those of IE in SAVR patients.

Follow-up

Follow-up events were defined based on the criteria established by 
the Valve Academic Research Consortium-2.11 All complications, 
need for surgery, and mortality at the follow-up were recorded. 
IE-related cardiac complications included decompensated heart 
failure, fistula, prosthetic dehiscence, abscess, and complete atrio-
ventricular block. Systemic complications included acute kidney 
failure, sepsis, embolism, and disorders of the central nervous 
system. Early IE was defined as that occurring within the first year 
after TAVI or surgery based on European recommendations.10 Since 
1987, a prospective protocol for inclusion and follow-up of all IE 
cases has been in place at our center, with a systematic registry 
including in-person visits, at least, annually for all patients, as well 
as phone consultations when needed.

Statistical analysis

Qualitative data are expressed as percentages, and continuous data 
as mean and standard deviation or median [interquartile range], 
depending on whether they follow a normal distribution. Inter-
group comparisons were drawn using the chi-square test or Fisher’s 
exact test for qualitative variables, and the Student’s t-test or Mann-
Whitney U test for continuous variables, as appropriate. Time-to-
event analyses for all-cause mortality were conducted using Kaplan-
Meier curves. All tests were two-sided, and P values < .05 were 
considered statistically significant. Statistical analyses were 
performed with SPSS software (version 24; IBM Corp, Armonk, NY, 
United States).

RESULTS

Study population and incidence rate

During the study period, a total of 778 patients successfully under-
went TAVI, 70% of them with self-expanding valves. After a 
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IE: infectious endocarditis. SAVR: surgical aortic valve replacement. TAVI: transcatheter aortic valve implantation.

similar, con un 50% de pacientes con TAVI que tuvieron una complicación cardiaca frente al 33% de los pacientes con RVAo 
(p = 0,33). En el grupo de TAVI, el 40% tuvieron indicación quirúrgica por la EI, frente al 50% en el grupo de RVAo (p = 0,49), 
pero solo la mitad fueron intervenidos en ambos grupos (20% TAVI frente a 25% RVAo; p  =  0,93). No hubo diferencias en la 
mortalidad al año (30% TAVI frente a 29% RVAo; p = 0,56). 
Conclusiones: La incidencia de EI en esta serie de pacientes con TAVI fue baja, y pese a un peor perfil clínico en los pacientes 
con TAVI, no se encontraron diferencias significativas en la mortalidad con el grupo de pacientes con RVAo.

Palabras clave: Endocarditis infecciosa. Estenosis aórtica. Recambio valvular aórtico. Implante percutáneo de válvula aórtica.
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median follow-up of 49 months (p25-p75, 29–108 months), 10 cases 
of IE were eventually diagnosed, which amounts to an overall 
incidence rate of 1.29% (an incidence rate of 0.09/100 patient-
years). Twenty-four of the 1457 patients treated with surgical 
bioprostheses were diagnosed with IE for an overall incidence rate 
of 1.64% (an incidence rate of 0.12/100 patient-years). The hazard 
ratio for the IE incidence rate between the 2 groups was 0.75 (95% 
confidence interval, 0.36–1.57). The incidence rate of IE on TAVI 
remained stable throughout the study period, as did the incidence 
of IE on surgical bioprostheses. Four of the 10 IE cases in TAVI 
occurred between 2008 and 2015—incidence of 1.21%—and 6 
between 2016 and 2022 (incidence of 1.33%). The incidence rates 
of IE on surgical bioprostheses for the same periods were 1.62% 
and 1.67%, respectively. Clinical characteristics, treatment, and 
mortality rates were also similar across periods in both IE groups.

Characteristics of IE in TAVI and SAVR

Approximately half of the cases reported in both groups turned out 
to be early IE: 5 of the 10 TAVI IE cases and 11 of the 24 cases 
described on surgical bioprostheses occurred within the first year 
after implantation (50% TAVI and 46% SAVR; P = .56). The 
remaining cases were late prosthetic IE (table 1). Among TAVI IE 
cases, the 5 early ones were diagnosed 2, 4, 6, 8, and 11 months 
after implantation, while the 5 late ones were diagnosed within 
years 2 (3 cases) and 3 (2 cases). Among the IE reported on surgical 
bioprostheses, early cases were diagnosed within the first 2 months 
(2 cases), between months 3 and 6 (3 cases), and between months 
6 and 12 (5 cases) after surgery. Regarding late cases, 5 occurred 
in year 2, 4 in year 3, and 4 > 3 years after surgery.

A possible source of infection different from implantation or surgery 
was identified in 2 of the 10 TAVI IE cases (20%) and in 2 of the 
24 surgical bioprostheses. IE cases (8.3%). Only 1 of the early IE 
cases was associated with a possible infection source: a colonoscopy 
in a TAVI IE patient due to Enterococcus. None of the SAVR IE 
cases had an identified source, with implantation or the perioper-
ative period being regarded as the probable sources of infection in 
the remaining patients. Among late IE cases, 1 TAVI IE case was 

associated with a dental procedure—despite proper antibiotic 
prophylaxis—and 2 SAVR IE cases with an upper gastrointestinal 
endoscopy and a dental visit, respectively. These patients’ clinical 
characteristics are shown in table 1. TAVI patients were older, with 
a median [interquartile range] age of 76 years [67–85] vs 63 years 
[49–77] of those treated with surgical bioprostheses (P < .001) and 
had higher rates of diabetes (70% vs 29%; P = .034). However, there 
were no significant differences in sex, other comorbidities, or 
symptoms. As expected, the TAVI group had a significantly higher 
EuroSCORE II vs the SAVR group (table 1). The profile of causative 
pathogens was very similar between the 2 groups (table 2). Entero-
cocci were the pathogens most widely identified, followed by 
coagulase-negative staphylococci and Staphylococcus aureus, also 
with no significant differences being reported between the 2 groups. 
In 17% of SAVR patients and 20% of TAVI patients, the causative 
agent could not be identified (figure 1). Diagnostic echocardio-
graphic findings of IE were also very similar between the 2 groups: 
transthoracic echocardiography identified IE only in half of the 
TAVI cases vs 37% of the cases treated with surgical bioprostheses 
(table 2). Transesophageal echocardiography diagnosed all IE cases 
in the TAVI group and slightly fewer in the SAVR group (table 2 
and figure 1). In TAVI IE patients, the echocardiographic lesions 
identified included 9 endocardial vegetations—all affecting the 
leaflets—with 3 stent expansions (figure 2), 1 periaortic abscess, and 
1 right ventricular perforation.

Disease progression

The course of the disease was similar in the 2 groups (table 3). Half 
of the TAVI group experienced cardiac complications, as did 
one-third of the SAVR group, without any significant differences 
being reported. Half of the patients had a surgical indication due 
to IE (40% in the TAVI group vs 50% in the SAVR group; P = .49), 
but among those, only 20% of the TAVI group and 25% of the SAVR 
group eventually underwent surgery (P = .93) (table 3). The in- 
hospital mortality rate was similar (20% in the TAVI group vs 25% 
in the SAVR group; P = .51), without any significant differences 
being reported in the 1-year mortality rate, which remained high—at 
approximately 30%—in both groups (table 3, figure 1, and figure 3).

Table 1. Baseline characteristics of patients with infectious endocarditis after transcatheter aortic valve implantation or surgical aortic valve replacement

Baseline characteristics Total (n = 34) TAVI (n = 10) SAVR (n = 24) P

Age (years) 67 (53-81) 76 (67-85) 63 (49-77) .001

Female 13 (38%) 4 (40%) 9 (37%) .594

Hypertension 28 (82%) 10 (100%) 18 (75%) .100

Type 2 diabetes mellitus 14 (41%) 7 (70%) 7 (29%) .034

COPD 8 (33%) 3 (30%) 5 (21%) .435

CKD (GFR < 60) 12 (35%) 3 (30%) 9 (38%) .498

Atrial fibrillation 17 (50%) 7 (70%) 10 (42%) .129

Ischemic heart disease 4 (12%) 1 (10%) 3 (12%) .666

Functional class II/III 18 (53%) 6 (60%) 12 (50%) .488

EuroSCORE II 7.41 ± 4.1 3.6 ± 2.8 .007

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve 
implantation.
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DISCUSSION

The main finding of our study was that the incidence rate of IE on 
TAVI is low in our setting and similar to that of surgical aortic 
bioprostheses, despite being patients with higher surgical risk, older 
age, and more comorbidities. These results are similar to those 
reported in the literature (1% up to 6%);4 however, more recent 
large TAVI trials suggest lower rates. The PARTNER 3 trial reported 
annual rates of 0.2%,1 and similarly, the low-risk Evolut study2 
found incidence rates of 0.1% and 0.2% at 30 days and 1 year, 
respectivelu, which is more consistent with our rates. Studies 
directly comparing the incidence of IE after SAVR and TAVI are 
scarce, and some have produced contradictory results.7,12 However, 
most observational studies based on large national databases and 
randomized clinical trials have found no statistically significant 
differences on this regard,6,13,14 even though TAVI patients are older 
and generally have more comorbidities, which is consistent with 
our results. There were also no differences in our study regarding 
early IE incidence (50%), which was similar in both groups, 
although slightly lower for IE on TAVI vs what has been reported 
by the literature (rates up to 64%.)15 However, a multicenter study 
conducted in Spain found a higher rate of early IE in TAVI vs SAVR 
patients (78.1% vs 39.3%; P = .001), which is significantly higher 
than that described in our series for the TAVI group.16 This could 
be explained by the different antibiotic prophylaxis regimens and 
procedures used at each center.

Secondly, another relevant finding from our study is that entero-
cocci were the main cause of IE in both patient groups, which is 
consistent with the literature on TAVI-related IE17,18 but not on 
surgical bioprostheses-related IE, of which S. aureus is usually the 
main microorganism involved. These differences are difficult to 
explain, as the increase in enterococcal incidence as a causal agent 
in TAVI is primarily associated with older patient age and trans-
femoral access but still would not explain why it is also the most 
common pathogen in SAVR-related IE.4 Compared with a multi-
center Spanish series of similar characteristics to ours,16 there are 
some differences: the most common causative microorganism of 

IE—in both TAVI and SAVR— was  Staphylococcus epidermidis, 
followed by enterococci— less frequent than in our series—and 
thirdly, S. aureus. These differences could be explained by varying 
antibiotic prophylaxis regimens used in different settings, under-
scoring the critical importance of understanding the most common 
microorganisms involved in prosthetic IE, in general, to apply the 
most appropriate and effective prophylaxis regimen.

Another noteworthy aspect of this study is that echocardiographic 
lesions diagnostic of IE could be identified in 100% of TAVI- 
related IE cases vs 67% of SAVR-related IE cases in surgical pros
theses. This contrasts sharply with most reports, which indicate 
that the combined sensitivity rate of transthoracic and transesoph-
ageal echocardiography was 67.8% in TAVI patients, 73% in SAVR 
patients, and nearly 90% in native valves.19 However, a very 
recent study comparing patients with IE after TAVI or SAVR 
confirmed that vegetations were identified via echocardiogram in 
up to 82% of the TAVI group, more in line with our findings and 
significantly higher than the diagnostic rate of IE reported in 
surgical prostheses (62.5%; P < .001).8 Our results also differ from 
those reported in the literature in that most lesions found via 
echocardiography were vegetations, whereas other authors, such 
as Salaun et al.,20 reported vegetations in only 5 out of 11 cases 
diagnosed with TAVI-related IE, with the remaining cases being 
atypical lesions.

Lastly, this study also highlights the course of the disease, with a 
1-year mortality rate of 30%, which is lower than that reported 
in other published studies (between 33% and 66%).4,12,21-23 The 
in-hospital mortality rate was also lower than that reported in 
other studies, such as the international multicenter registry of 
post-TAVI endocarditis21 (36% vs 20% in our series) and much 
lower than the Spanish multicenter trial (35%).16 These differences 
may be due to the wide variability in patient characteristics across 
studies. Of note, there were no significant differences in mortality 
when comparing surgical bioprostheses-related IE, unlike other 
series reporting lower mortality for the latter vs TAVI-related IE.23 
However, a study published by Panagides et al.,8 comparing early 
and 1-year mortality in IE after TAVI and SAVR using propensity 
score matching found no significant differences between the 2. In 
our series, only 20% of TAVI patients with a surgical indication 
underwent surgery, which is consistent with other studies where 
surgical rates were similar to ours, with optimal medical therapy 
being the most common strategy.4,12,16,22,23 Some studies found no 
improvement in prognosis for these patients undergoing surgery, 
with similar mortality rates associated with optimal medical 
therapy,24 while a meta-analysis published by Tinica et al.25 
showed that the surgical strategy was significantly superior to 
conservative therapy. In any case, given the lack of strong 
evidence, the treatment strategy for TAVI-related IE remains 
unclear, even if the presence of complications warrants surgical 
indication, and decisions should be based on local expertise.

Study limitations

Our study has the inherent limitations of its observational design, 
with data collected over many years, during which diagnostic 
criteria for IE, valve types—towards better technical models—and 
procedural approaches—towards less invasive methods—have 
evolved. The small number of IE cases in the 2 groups means 
results should be interpreted with caution. As this is a crude 
analysis, the presence of confounding bias cannot be ruled out; 
nevertheless, data show real-life outcomes. Additionally, patients 

Table 2. Microbiological profile of the most common microorganisms and 
diagnostic lesions in the echocardiogram of patients with infectious endo-
carditis after transcatheter aortic valve implantation or surgical aortic valve 
replacement

Microbiological profile and 
echocardiogram

Total  
(n = 34)

TAVI  
(n = 10)

SAVR  
(n = 24)

P

Early IE (< 1 year) 16 (47%) 5 (50%) 11 (46%) .560

Microorganism

Enterococcus 11 (32%) 3 (30%) 8 (33%) .891

Staphylococcus 
epidermidis

9 (26%) 3 (30%) 6 (25%) .819

Staphylococcus aureus 4 (12%) 1 (10%) 3 (12%) .854

Other/Unknown 10 (29%) 3 (30%) 7 (29%) .153

Lesion in echocardiogram

TTE 14 (41%) 5 (50%) 9 (37%) .382

TEE 26 (76%) 10 (100%) 16 (67%) .101

IE, infectious endocarditis;  TEE, transesophageal echocardiogram;  TTE, transthoracic 
echocardiogram;  SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic 
valve implantation.
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Figure 1. Infective endocarditis (IE) after transcatheter aortic valve implantation in a cohort of 778 patients vs a cohort of patients with surgical bioprostheses-
related IE. SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TTE, transthoracic 
echocardiography.

Figure 2.  Transesophageal echocardiogram showing a large vegetation on 
the leaflets of a transcatheter aortic valve (arrows).

Table 3. Complications, rate of surgical procedures, and 1-year mortality rate 
in patients with infectious endocarditis after transcatheter aortic valve 
implantation or surgical aortic valve replacement

Complications and mortality
Total  
(n = 34)

TAVI  
(n = 10)

SAVR  
(n = 24)

P

Cardiac complications 13 (38%) 5 (50%) 8 (33%) .329

Systemic complications 15 (44%) 2 (20%) 13 (54%) .072

Indication for surgery 16 (47%) 4 (40%) 12 (50%) .491

Surgery performed 8 (23%) 2 (20%) 6 (25%) .932

Surgery not performed 26 (77%) 8 (80%) 18 (75%) .909

1-year mortality 10 (29%) 3 (30%) 7 (29%) .562

In-hospital mortality 8 (24%) 2 (20%) 6 (25%) .512

SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.

Figure 3. Kaplan-Meier curves showing the 1-year mortality rate in patients 
with infective endocarditis after transcatheter aortic valve implantation 
(TAVI) or surgical aortic valve replacement (SAVR).
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with mechanical valves were not included, so results cannot be 
extrapolated to this group.

CONCLUSIONS

In our setting, TAVI-related IE has a low overall incidence rate, 
with no significant differences vs SAVR-related IE, despite involving 
older and more comorbid patients. Regarding the causative micro-
organism of IE—both in surgical and percutaneous surgical biopros-
theses—enterococci were the most common pathogen. There were 
no differences in mortality between the 2 types of aortic valves, 
and treatment for IE was predominantly conservative.
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María Tamargo,a,b,c,* Enrique Gutiérrez,a,b,c Jorge García Carreño,a,b,c  
María Eugenia Vázquez Álvarez,a,b,c Ricardo Sanz-Ruiz,a,b,c Mike Huanca,a,b,c Erika Ludeña,a,b,c  
Javier Soriano,a,b,c Jaime Elízaga,a,b,c Francisco Fernández-Avilés,a,b,c and Javier Bermejoa,b,c

a Departamento de Cardiología, Hospital General Universitario Gregorio Marañón, Instituto de Investigación Sanitaria Gregorio Marañón, Madrid, Spain 
b Facultad de Medicina, Universidad Complutense de Madrid, Madrid, Spain 
c Centro de Investigación Biomédica en Red de Enfermedades Cardiovasculares (CIBERCV), Spain

ABSTRACT

Introduction and objectives: Because of the potential need for permanent pacemaker implantation, patients are frequently 
monitored for days after transcatheter aortic valve implantation (TAVI), particularly when using self-expanding valves. We sought 
to determine whether the appearance and management of conduction disturbances after TAVI can be improved by combining the 
cusp overlap projection (COP) and a rapid atrial pacing (RAP) protocol to detect the need for pacemaker implantation.
Methods: We consecutively studied a total of 273 patients who underwent TAVI with self-expanding valves from 2018 through 
2022 (134 undergoing standard implantations and 139 COP + RAP). Assessment included the 90-day follow-up.
Results: Complete heart block was reported in 25.4% and 14.4% in the standard-of-care and COP + RAP group, with a marked 
decrease in transient atrioventricular block (12.8% vs 2.9%, respectively; P = .007). The absence of the Wenckebach phenomenon 
during RAP had a negative predictive value of 97% (95%CI, 91-99) for pacemaker implantation at the follow-up, which significantly 
decreased the need for 24-hour temporary pacemaker monitoring in the COP + RAP group (91.8% vs 28.1%; P < .0001) and the 
median [IQR] length of stay (5.0 [4-8] days vs 2.0 [1-4] days; P < .0001). At the 90-day follow-up, COP + RAP reduced pacemaker 
implantation (OR, 0.48; 95%CI, 0.24-0.92; P =  .031), as well as the risk of infection-related readmissions significantly (OR, 0.35; 
95%CI, 0.12-0.89; P = .036). 
Conclusions: The combination of COP + RAP during self-expanding TAVI improves postoperative screening for conduction 
disturbances, thus reducing the need for cardiac rhythm monitoring, and the length stay. The COP + RAP strategy improves the 
short-term clinical outcomes of self-expanding TAVI due to fewer infection-related readmissions.
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La selección de la proyección y la sobreestimulación auricular mejoran  
los resultados precoces en válvulas aórticas autoexpandibles

RESUMEN

Introducción y objetivos: La necesidad de marcapasos definitivo obliga a la monitorización posprocedimiento tras el implante 
percutáneo de válvula aórtica (TAVI), especialmente con válvula autoexpandible. El objetivo fue determinar si la aparición y el 
tratamiento de los trastornos de la conducción tras el TAVI se pueden mejorar combinando la proyección de superposición de 
cúspides (SC) con un protocolo de sobreestimulación auricular rápida (SAR).
Métodos: Se incluyeron 273 pacientes intervenidos de TAVI entre 2018 y 2022 con válvulas autoexpandibles, 134 con implante 
estándar y 139 combinando SC y SAR (SC+SAR), con seguimiento a 90 días.
Resultados: El bloqueo completo ocurrió en el 25,4% del grupo estándar y en el 14,4% del grupo SC+SAR, con una reducción 
significativa del bloqueo transitorio (12,8% frente a 2,9%, p = 0,007). La ausencia de fenómeno de Wenckebach durante la SAR 
tuvo un valor predictivo negativo del 97% (IC95%, 91-99) para marcapasos en el seguimiento. Esto redujo la necesidad de vigilancia 
durante 24 horas con marcapasos temporal en el grupo SC+SAR (91,8% frente a 28,1%, p < 0,0001) y la mediana de hospitalización 
(5,0 [4-8] frente a 2,0 [1-4] días, p < 0,0001). En el seguimiento a 90 días, la combinación SC+SAR redujo la necesidad de marcapa- 
sos (OR = 0,48; IC95%, 0,24-0,92; p = 0,031). Este grupo presentó una reducción significativa en los reingresos por infecciones 
(OR = 0,35; IC95%, 0,12-0,89; p = 0,036).
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) has become an 
established option for symptomatic severe aortic stenosis across risk 
groups.1,2 The implantation technique is moving towards a less 
invasive procedure with shorter hospitalizations.3,4 Because the 
length of hospital-stay has been related to major adverse cardiovas-
cular events during follow-up,5 optimizing the procedure remains 
a concern. Different studies have demonstrated that patients can 
be safely discharged 72 and even 48 hours after TAVI, and various 
protocols with a minimalist approach have been described so far, 
mainly with balloon-expandable valves.6-9 Nevertheless, the poten-
tial need for a permanent pacemaker implantation (PPI) frequently 
prolongs hospital admissions for the purpose of rhythm monitoriza-
tion after TAVI.10,11 This issue is particularly relevant for self-ex-
panding valves,12-14 since the rate of PPI is highest amongst these 
models and most early-discharge strategies have been reported for 
balloon-expandable prostheses.9,15

The rate of PPI can be reduced by guiding TAVI by the cusp-
overlap projection (COP) to isolate the non-coronary cusp and better 
control prothesis implantation depth.16,17 In addition, sequential 
rapid atrial pacing (RAP) after deployment has been proposed to 
screen for atrioventricular (AV) conduction disorders.18 However, 
the effect of combining both preventive and diagnostic techniques 
on clinical outcomes after self-expanding TAVIs remains unknown. 
Therefore, the present study was designed to determine whether 
compared to conventional care, the combined use of COP and RAP 
can improve the management of conduction disturbances and the 
early outcomes after self-expandable TAVI procedures. 

METHODS

Study population

This is a one-center retrospective analysis of consecutive patients 
who underwent transfemoral self-expandable TAVI between 
January 2018 to January 2022. All patients had symptomatic severe 
aortic stenosis and were deemed eligible for TAVI by a multidisci-
plinary heart team. We included all transfemoral cases irrespec-
tively of surgical risk. From this cohort, we selected patients in 
sinus rhythm undergoing a self-expandable prothesis implantation 
procedure. We excluded patients with permanent atrial fibrillation 
or permanent pacemakers, and patients who did not undergo 
follow-up in our center. Procedures performed before 2018 were 
excluded from our analysis to test our hypothesis on a homoge-
neously contemporary series.

The institutional Ethics Committee approved the study, and all 
subjects provided written informed consent.

TAVI procedure

Pre-TAVI workup included baseline electrocardiogram (ECG), 
transthoracic echocardiography, coronary and peripheral angiog-
raphy, as well as computed tomography. Implanting technique was 
standard among operators, following the conventional “minimal 
approach” previously described3,4,19: all invasive lines were mini-
mized, and procedures were performed under minimal sedation and 
local anesthesia. Femoral access was obtained using ultrasound 
guidance and double percutaneous vascular closure (Perclose, 
Abbott, MN, United States) was placed before non-fractionated 
heparin administration. During the procedure, all patients received 
a temporary pacemaker via femoral venous access using a balloon-
tipped bipolar catheter (5 French, Arrow, Teleflex, USA) positioned 
in the right ventricular apex. Pre and post valvular dilation during 
the intervention were performed according to the operator’s judge-
ment. After implantation, a supravalvular angiography was routinely 
performed to check for paravalvular leak. At the end of the proce-
dure, an angiography of the main vascular access was performed 
on all patients to verify arteriotomy closure success as well as 
ilio-femoral vessel integrity. Until May 2020 (standard-of-care 
cohort), the temporary pacemaker was kept for 24 hours with 
monitorization in the cardiac intensive care unit, with later transfer 
to the cardiology ward. Permanent pacemaker was implanted in 
the presence of persistent or new-onset complete or high degree 
AV block.

Since June 2020, the procedure was modified to routinely include: 
a) COP during valve deployment to assess implantation depth, and 
b) RAP at the end of the procedure in the absence of complete AV 
block, at rates of 70 to 120 beats/min (or until pacing-induced 
Wenckebach heart block was observed) in 10 beats/min increments 
for a total of 20 beats at each increment.18 In patients with persistent 
complete AV block, permanent pacemaker was placed in the same 
day. In the absence of immediate complications, patients were 
transferred to a standard monitored ward bed minimizing ICCU 
stay unless clinically needed, and temporary pacemaker surveil-
lance was only maintained for 24 hours in the presence of Wencke-
bach phenomenon or in patients with AV block until permanent 
pacemaker was implanted. Final determination of patient discharge 
was based on patient’s characteristics and clinical status by the 
referring physician. 

Follow-up

After implantation, assessment included ECG, echocardiogram, 
in-hospital, and 90-day clinical follow-up. All patients’ clinical, 
procedural, in-hospital information, and follow-up data were 
collected from the electronic medical records.

Abbreviations

AV: atrioventricular. COP: cusp-overlap projection. LBBB: left bundle branch block. PPI: permanent pacemaker implantation. RAP: 
rapid atrial pacing. TAVI: transcatheter aortic valve implantation.

Conclusiones: La combinación SC+SAR en el TAVI con válvula autoexpandible mejora la estratificación del riesgo de alteraciones 
de la conducción posprocedimiento, reduciendo la necesidad de vigilancia y la estancia hospitalaria. Esta estrategia mejora los 
resultados a corto plazo, con una reducción de los reingresos relacionados con infecciones.

Palabras clave: Implante percutáneo de válvula aórtica. Marcapasos. Superposición de cúspides. Sobreestimulación auricular rápida.
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Study endpoints

The primary safety and efficacy outcomes were complete AV block 
after implantation with COP and the diagnostic performance of 
RAP added to COP in self-expandable valves.

The secondary endpoints included the length of hospitalization 
following TAVI and the composite major adverse cardiovascular 
events, defined as cardiovascular mortality, PPI, rehospitalization 
for heart failure decompensation, stroke, and major bleeding and 
vascular complications occurring 90 days after hospital discharge. 
In addition, rehospitalizations for healthcare-associated infections 
within the same period were analyzed separately.

Statistical analysis

Categorical variables are presented as counts (percentages) and 
were compared using the chi-square test. Continuous variables 
were tested for normality of distribution by using the Shapiro-Wilk 
test. According to their distribution, continuous variables are 
expressed as mean ± standard deviation or median values with 
interquartile range [IQR], and were compared using Student t test, 
ANOVA or Wilcoxon test, as appropriate. For the multivariate 
analysis, we first selected baseline variables that showed a signifi-
cant association with the outcome (P < .2) and performed single 
logistic regression. Variables with a P-value <  .05 were entered 
into a multiple logistic regression analysis. Odds ratios (OR) were 
calculated using uni and multivariate logistic regression, along with 
95% confidence intervals. Statistical analyses were conducted using 
RStudio 4.1.20 P-values < .05 were considered significant.

RESULTS

Baseline characteristics

A total of 273 patients met the inclusion criteria for the analysis. 
Among them, 134 underwent standard implantations, and 139 
underwent the combined use of COP and RAP (COP+RAP) (figure 1). 
Mean patient age was 81 ± 7 years old and 51.3% were female, 
with similar prevalence of cardiovascular risk factors and comor-
bidities between groups. Patients in the standard-of-care group 
showed a worse NYHA functional class, and there were no differ-
ences in the surgical risk (table 1). Both cohorts presented similar 
rates of conduction disturbances at baseline. The mean transval-
vular pressure gradient by ultrasound was 47 [41-58] mm Hg with 
no significant differences on baseline findings between groups. The 
COP+RAP group showed a higher valvular calcium score (2429 
[1577-3557] Agatston units) and larger left ventricular outflow tract 
and annular perimeters (P = .006 and P = .04 respectively) (table 1).

Procedure and in-hospital outcomes

Procedural details are listed in table 2. All patients underwent TAVI 
under conscious anesthesia, with more frequent use of midazolam 
and fentanyl in the COP+RAP cohort in place of dexmedetomidine 
(P  < .001). Also, in line with current recommendations for self- 
expandable valves, the rate of predilation was significantly higher 
in the COP+RAP group (P < .001). 

The occurrence of intraprocedural conductance disorders was lower 
with COP in the COP+RAP group (25.8% vs 14.4%; P = .007; OR, 0.49; 
95%CI, 0.27-0.91; P = .026) mainly due to a reduction in temporary 
complete AV block (table 2), whereas rates of new-onset first degree 
AV block and atrioventricular block (LBBB) remained similar 
between groups. Same day permanent pacemaker was implanted 

in 16 patients of the COP+RAP group with persistent AV block. 
RAP revealed Wenckebach phenomenon at a median stimulation 
rate of 115 bpm in 24 patients and allowed to reduce the need for 
temporary pacemaker surveillance from 91.8 % in the standard-of-
care group to 28.1 % of the cases in the COP+RAP group (P < .001). 
Among the patients in the COP+RAP cohort who did not develop 
Wenckebach phenomenon (n = 98/122, 80.3%), permanent pace-
maker was required in only 3% of patients (OR, 0.16; 95%CI, 0.03-0.76; 
P = .02; negative predictive value = 97%; 95%CI, 91-99%. Patients 
with pacing-induced Wenckebach had a higher risk of PPI during 
admission (OR, 6.33; 95%CI, 1.30-34.29; P = .021; positive predic-
tive value 79% 95%CI, 58-93%). 

Incidence of AV block and timing of PPI after TAVI is shown in 
figure 2. Delayed AV block (developed >  48 hours after TAVI) 
during admission occurred in 8.2% patients in the standard group 
and 3.6% of the COP+RAP group (P = .14) mostly in the presence 
of new-onset LBBB (68% of the cases). Adding both maneuvers did 
not impact the procedure length or led to adverse events, with a 
low and similar rate of in-hospital complications among groups 
(table 3). Additionally, reduction of the implantation depth did not 
lead to a higher rate of residual significant aortic regurgitation 
(P = .32). 

The reduction of stay in the intensive care unit along with the lower 
rate of 24-hour temporary pacemaker surveillance, significantly 
decreased the length of hospitalization in the COP+ RAP cohort 
(−3.0 [−2.5 to −3.5] days, P  <  .0001), enabling to discharge 
patients within 48 hours in 56.8% of the cases compared to 7.5% 
in the standard-of-care group (P < .001). 

90-day outcomes

At 90-days, the cumulative rate of PPI in the COP+RAP cohort 
persisted lower than in the standard-of-care group (29.5% vs 18.7%; 

Figure 1. Patient flow chart. AF, atrial fibrillation; COP, cusp-overlap projec-
tion; RAP, rapid atrial pacing TAVI, transcatheter aortic valve implantation.

Successful TAVI procedure
January 2018 - January 2022
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Transfemoral TAVI cases 
in sinus rhythm

N = 317

Study population
N = 273

Standard 
implantation

N = 134

COP + RAP 
protocol
N = 139

Exclusion:
– 5 transaxilar approach
– 6 emergent patients
– 137 patients with pacemaker 
– or permanent AF

41 cases received 
balloon-expandable valves

3 patients lost on follow-up
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P  =  .049). Of all 65 pacemaker implantations, 58 (89%) occurred 
during the index admission and 7 (11%) following hospital discharge. 
Among the 3 patients from the COP+RAP requiring late PPI, 2 
developed with new-onset LBBB (QRS width 127 and 136 ms 
respectively), and both had displayed Wenckebach phenomenon at 
120 bpm. They were monitored with temporary pacemaker for 24 
hours without events but developed high degree AV block within 
48 hours after discharge (day 4 after TAVI). The third patient had 
new-onset first degree AV block (PR interval 240 ms), Wenckebach 
phenomenon at 120 bpm and narrow QRS (118 ms) but developed 

high-degree AV block at day 55. No patients with a negative RAP 
test required late PPI. The univariate logistic analysis of potential 
baseline and procedural factors of PPI after TAVI is reported in 
table 4. Interestingly, differences in sedation, predilation, valve 
model (P = .98) and bicuspid valves (P = .71) did not influence the 
risk of PPI after TAVI. In the multivariate analysis, prior 1st degree 
AV block, baseline right bundle branch block, prosthesis posdila-
tion and new-onset LBBB were associated with PPI. The combina-
tion of COP with RAP decreased the need of PPI on a 90-day 
follow-up (OR, 0.48; 95%CI, 0.24-0.92; P = .031) (figure 3).

Table 1. Demographics, baseline electrocardiographic and imaging characteristics

Variables Standard of care (n = 134) COP + RAP (n = 139) P value

Female gender 71 (53.0) 69 (49.6) .66

Age (years old) 81 [76-85] 81 [75-85] .77

Hypertension 112 (83.6) 08 (77.7) .28

Diabetes 47 (35.1) 52 (37.4) .78

BMI 27.2 [24.5-30.4] 27.5 [25.0-30.0] .99

Betablockers 31 (23.1) 40 (28.8) .36

Ischemic heart disease 37 (27.6) 39 (28.1) 1.00

HF decompensation within 12 months 34 (25.4) 43 (30.9) .38

Baseline GFR (mL/min) 61 [43-79] 54 [40-75] .12

Prior stroke/TIA 15 (11.2) 8 (5.8) .16

Active neoplasia 11 (8.2) 10 (7.2) .93

NYHA functional class III-IV 87 (64.9) 63 (45.3) < .001 

Syncope 11 (8.2) 11 (7.9) 1.00

EuroSCORE II 2.80 [1.80-4.40] 3.20 [1.70-5.15] .63

Electrocardiographic variables 

Baseline PR interval length (ms) 180 [160-200] 172 [150-200] .21

First degree atrioventricular block 21 (15.9) 27 (19.4) .63

Paroxysmal atrial fibrillation 16 (11.9) 19 (13.7) .8

QRS length (ms) 100 [90-120] 97 [90-112] .11

Left bundle branch block 14 (10.4) 9 (6.5) .27

Right bundle branch block 17 (12.7) 18 (12.9) 1.00

Echocardiographic variables

Left ventricular ejection fraction (%) 60 [55-60] 60 [57-63] .51

Interventricular septum thickness (mm) 13 [11-14] 13 [12-14] .56

Aortic valve peak gradient (mmHg) 77 [69-92] 74 [65-94] .27

Aortic valve mean gradient (mmHg) 48 [42-58] 46 [41-58] .39

III-IV aortic regurgitation 21 (15.7) 24 (17.3) .56

Aortic calcium score (AU) 2110 [1455-3495] 2586 [1682-3590] .31

Annular perimeter (mm) 74 [69-80] 77 [71-3] .04

LVOT perimeter (mm) 72.0 [67.0-77.2] 74.0 [71.0-83.0] .006 

BMI, body mass index; GFR, glomerular filtration rate; HF, heart failure; LVOT, left ventricular outflow tract; MI, myocardial infarction; NYHA, New York Heart Association; TIA, transient 
ischemic attack.
Data are expressed as no. (%) or median [interquartile range].
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The COP+RAP group presented a significantly lower percentage 
of the secondary composite endpoint than the standard-of-care 
cohort (20.1% vs 10.1%; P  =  .031). The rates of HF readmission, 
and mortality were low and similar across groups during the 
follow-up period (table 3). None of the 3 deaths during follow-up 
were due to rhythm disturbances. At 90 days, there was a reduction 
in the number of readmissions due to admission-related infections 
in the COP+RAP cohort (OR, 0.35; 95%CI, 0.12-0.89 P  =  .036) 
(figure 4), with an 8.6 % reduction in the odds of infection for each 
day of reduced hospitalization (OR, 0.91; 95%CI, 0.85-0.99; 
P = .023). The most common were urinary (47.4%) and respiratory 
(42.1%) infections. None of the patients presented infections related 
to PPI.

DISCUSSION

In the present study we demonstrate that combining the COP with 
RAP, COP reduces the risk of complete AV block after self- 
expanding TAVI and negative RAP after implantation adequately 
dismiss underlying AV conduction disturbances requiring PPI.

This strategy reduces the need of temporary PPI and the appear-
ance of late onset AV block, and safely allows an early discharge 
in sinus rhythm patients receiving a self-expandable valve. Reducing 
hospital stays lead to a significant reduction in admission-related 
infections at short-term follow-up (figure 4).

A minimalistic approach in TAVI has become progressively relevant 
as a way of simplifying the intervention and promoting early 
recovery.4,6-8 Multiple studies have shown that early discharge after 
TAVI is possible, preserving the high standards of effectiveness, 
patient safety and outcomes.3,9,21 However, most of these studies 
included highly selected patients, with a predominance of 
balloon-expandable valves, and might not be representative in the 
current TAVI scenario. Evidence at the beginning of minimalistic 
TAVI inception found self-expanding prothesis to be a predictor for 
rhythm disturbances and delayed discharge.5,6 Since their risk of 
AV conduction disturbances remain in the range of 5% to 30% even 
with contemporary transcatheter heart valves10,12-14 and there is no 
appropriate way to assess the risk of AV block development, self-ex-
pandable valves have been underrepresented in early discharge 
protocols so far.3,7,22,23

Table 2. Procedural characteristics, electrocardiographic and imaging outcomes

Variables Standard of care (n = 134) COP + RAP (n = 139) P value

Procedure

Pre-dilatation 22 (16.4) 72 (51.8) < .001

Post-dilatation 37 (27.6) 30 (21.6) .31

Bicuspid 9 (6.7) 15 (10.8) .33

Valve-in-valve 7 (5.2) 9 (6.5) .85

Prothesis type < .001

Evolut Pro 93 (69.4) 71 (51.1)

Portico/Navitor 41 (30.6) 68 (48.9)

Procedure time (min) 88 [70-104] 80 [65-100] .18

Temporary pacemaker surveillance 24 hours, n (%) 123 (91.8) 39 (28.1) < .001

ICCU surveillance 115 (88.5) 32 (23) < .001

Post procedure electrocardiogram

Intraprocedural complete AV block .007

Persistent 17 (12.8) 16 (11.5)

Transient 17 (12.8) 4 (2.9)

Post PR interval length (ms) 200 [160-232] 187 [160-220] .33

Post QRS length (ms) 120 [100-150] 127 [100-150] .93

De novo 1st degree AV block (N = 242) 24 (21.8) 25 (18.9) .69

De novo left bundle branch block 40 (29.9) 39 (28.3) .88

De novo atrial fibrillation, n (%) 13 (9.7) 7 (5.0) .21

Post-procedure echocardiography

Left ventricular ejection fraction (%) 60 [60-64] 60.0 [60-60] .65

Aortic valve mean gradient (mmHg) 9 [6-12] 8 [6-12] .83

Moderate residual AR 3 (2.3) 1 (0.7) .32

AR, aortic regurgitation; AV, atrioventricular; ICCU, intensive cardiac care unit.
Data are expressed as no. (%) or median [interquartile range].
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Postimplantation conduction disturbances remains one of the 
current weaknesses in TAVI, and great heterogeneity of recommen-
dations persist regarding their management.24,25 In this regard, the 
aim of our study was to minimize the appearance and improve the 
assessment of conduction disturbances without increasing invasive-
ness in patients receiving self-expandable valves, by combining 2 
well-described maneuvers.

Guiding the procedure using the COP has already been established 
as an effective method to guide implantation depth.16,17 Isolating 
the non-coronary cusp allows a better identification of the most 
inferior point of the aortic annulus, leading to a higher (more aortic) 
valve positioning, which in turn reduces the risk of post-TAVI 
conduction disturbances. Various observational studies have 
described the COP technique in distinct types of self-expandable 
valves,15-17,26 and highlighted its potential benefits in decreasing the 

Table 3. Immediate, and short-term outcomes

Variables
Standard of 
care (n = 134)

COP + RAP 
(n = 139)

P value

In-hospital

Pacemaker on admission 35 (26.1) 23 (16.5) .07

Acute kidney failure 11 (8.2) 6 (4.3) .29

Stroke 2 (1.5) 1 (0.7) .62

Severe bleeding 6 (4.5) 3 (2.2) .33

Major vascular complication 7 (5.2) 4 (2.9) .21

Hospitalization length (days) 5 [4-8] 2 [1-4] < .001

Discharge within 48 hours 10 (7.5) 79 (56.8) < .001

90 days follow-up

Pacemaker cumulative incidence 39 (29.1) 26 (18.7) .049

HF admission 12 (9.1) 7 (5.0) .29

Stroke/TIA 4 (3.0) 2 (1.4) .44

Major bleeding 7 (5.3) 2 (1.4) .09

Major vascular complication 5 (3.8) 2 (1.4) .22

Cardiovascular death 2 (1.5) 1 (0.7) .62

Composite MACE at 90 days 27 (20.1) 14 (10.1) .031

Infection-related readmission 14 (10.6) 5 (3.6) .04

HF, heart failure; MACE, major adverse cardiac event; TIA, transient ischemic attack.
Data are expressed as no. (%) or median [interquartile range].

Table 4. Main factors associated with PPI after TAVI: unadjusted logistic 
regression analysis of PPI predictors at 90 days

Variables OR (95%CI) P value

Age 0.99 (0.93-1.03) .93

Betablockers 0.92 (0.47-1.72) .80

Baseline 1st degree AVB 3.65 (1.88-7.10) < .001

Baseline RBBB 6.91 (3.28-15.02) < .001

Baseline LBBB 0.90 (0.29-1.38) .84

 Annulus perimeter 1.00 (0.99-1.01) .74

 LVOT perimeter 1.05 (0.98-1.05) .34

Sedation 1.54 (0.88-2.71) .13

Pre-dilatation 0.87 (0.47-1.56) .64

Post-dilatation 1.83 (0.98-3.36) .05

New-onset 1st degree AVB 1.46 (0.65-3.08) .34

New-onset LBBB 1.65 (0.90-2.97) .09

COP + RAP 0.55 (0.31-0.96) .04

AVB, atrioventricular block; COP, cusp overlap projection; LBBB, left bundle-branch 
block; RAP, rapid atrial pacing; RBBB, right bundle-branch block.

< 24 h 24-48 h 3-4 d 5-6 d ≥ 7 d

 Standard 23 1 7 2 2

 COP + RAP 17 1 5
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Figure 2. Immediate complete AVB and on-admission permanent pacemaker 
implantation trends. Upper: intraprocedure cusp-overlap projection and 
Wenckebach phenomenon during atrial pacing. Midd: comparison of imme-
diate AVB in standard and protocol groups. Bottom: trend in pacemaker 
implantation during admission. AVB, atrioventricular block; COP, cusp-
overlap projection; RAP, rapid atrial pacing TAVI, transcatheter aortic valve 
implantation.
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PPI rate in the Evolut (Medtronic, United States) and the Portico 
(Abbott Structural Heart, United States) valves.27 In line with these 
studies, in our cohort, COP significantly decreased the emergence 
of intra-procedural transient and late onset ( > 48 hours) high-grade 
AV block irrespectively of the self-expandable valve type, with no 

noticeable impact on the rate of new-onset LBBB, that remained 
around 29% in both cohorts. 

After implantation, current consensus documents recommend 
temporary pacemaker surveillance for at least 24 hours. Further 

Basal RBBB

Basal 1st degree AVB

Posdilation

LBBB after TAVI

COP + RAP
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9.8 (95%Cl, 4.2-23.6); P < .001

Figure 3. Odds plot of multivariate analysis of 90-day permanent pacemaker implantation predictors. 95%CI, 95% confidence interval; AVB, atrioventricular 
block; COP, cusp-overlap projection; LBBB, left bundle branch block; PPI, permanent pacemaker implantation; RAP, rapid atrial pacing; RBBB, right bundle 
branch block.

273 severe aortic stenosis patients undergoing transfemoral TAVI  
with self-expandable valves

Standard implantation (n = 134)
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OR, 0.49; 95%Cl, 0.27-0.91; P = .026

-3 [-2.5 to -3.5] days
(P < .0001)

Hospitalization length Infection readmission

Complete AV block

Immediate events 90-day events

OR, 0.48; 
95%Cl, 0.24-0.92; 

P = .031

OR, 0.35; 
95%Cl, 0.12-0.89; 

P = .036

Figure 4. Central illustration. Main immediate and short-term findings of combining cusp-overlap projection and rapid atrial pacing when implanting self- 
expandable valves. OR, odds ratio; TAVI, transcatheter aortic valve implantation.
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management depends on baseline intra-procedure, and post-proce-
dure conduction disturbances,25,28 that can result in longer duration 
of temporary pacemaker placement or prolonged inpatient rhythm 
monitoring. In this context RAP, emerges as an easy and interesting 
strategy to discriminate which patients may require monitoring. 
Since its publication in 2020,18 different works have recognized the 
underuse of this technique, although is an important component of 
routine electrophysiological studies to “stress” the AV conduction.10 
It has the limitation of assessing specifically at the level of the 
atrio-His interval but seems to be a good indicator of patients with 
underlying conduction disorders with a described strong negative 
predictive value for PPI in the absence of Wenckebach phenom-
enon. In our study, the rate of Wenckebach phenomenon during 
dynamic atrial stimulation was 19.8% and showed a moderate 
positive predictive value. However, most importantly, the absence 
of RAP-induced AV block displayed a very high negative predictive 
value of PPI during follow-up. These results are in agreement with 
the previous report of RAP on balloon-expandable valves,18 showing 
adequate reliability of AV Wenckebach testing over delayed 
conduction disturbances immediately at the end of the procedure 
in self-expandable valves. The improvement in valve deployment 
and risk stratification of AV conduction disturbances allowed us to 
reduce temporary pacemaker surveillance in 63.1% of cases, with 
less late-onset high-degree AV block and no impact in procedure 
length or complications, leading to early recovery and minimizing 
functional decline. Moreover, although early discharge protocols 
described so far have focused on demonstrating safety, it should be 
noted that in our simplified protocol cohort there was a significant 
reduction in the healthcare-related infection readmission rate at 90 
days. The reduction in the incidence of admission-related respira-
tory and urinary infections was likely attributable to the shortened 
length of hospitalization, that has been associated with adverse 
events.5 Observed differences in major adverse cardiovascular 
events, although significant, should be interpreted cautiously, as 
part of the findings might be a result of technological advances and 
cumulative expertise.

The adequacy of these combined maneuvers was patent in the 
multivariate analysis and in the maintained differences in PPI rate 
at a 90-day follow-up. Nevertheless, special caution should be 
recommended in patients developing persistent LBBB after TAVI, 
as it was a predictor of delayed AV block and PPI. These patients 
would probably benefit from longer monitoring, and in the pres-
ence of new-onset LBBB or Wenckebach-induced phenomenon, a 
formal electrophysiological study or continuous ECG monitoring 
might have the potential to risk-stratify patients with unclear indi-
cations of PPI following TAVI.29-31

Limitations

This is a single-center study with a modest sample size and an 
observational design; therefore, there is an inherent potential bias 
due to patient selection. First, both cohorts are not contemporary, 
which may introduce bias related to technological advancements 
or increased operator experience over time. Second, RAP is 
restricted to patients in sinus rhythm, and the cutoff of 120 beats/
min for maximum RAP rate was selected according to previous 
literature but may be insufficient as low risk patients tend to be young 
and might request testing at higher heart rates. Also, RAP stresses the 
AV conduction at the atrio-His level, and therefore our results might 
not properly assess patients with broadened QRS, as high-grade 
conduction block occurs at the His-Ventricular segment.18,30,31 Third, 
our protocol has the inconvenience of requiring temporary pace-
maker so it can be moved to the atrium at the end of the procedure, 
which is not feasible in procedures performing pacing through the 
left ventricular wire. However, we believe it might be a safe and 
efficient way to risk-stratify patients immediately after the 

procedure. Finally, our study was focused on patients in sinus 
rhythm and self-expanding prothesis and therefore the results and 
conclusions should be interpreted in this context.

CONCLUSIONS

Combining COP during deployment with RAP immediately after 
TAVI diminishes the incidence of postprocedural AV block and 
improves the screening of underlying atrio-His conduction distur-
bances in patients receiving a self-expandable valve. In turn, this 
allows to reduce the length of temporary pacemaker surveillance 
and admission days, with differences in PPI rate maintained at a 
90-day follow-up. Optimizing strategies of care after TAVI has a 
significant impact at short-term, driven by a significant reduction 
in readmissions due to infections. 
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WHAT IS KNOWN ABOUT THE TOPIC? 

–	 The potential need of PPI after TAVI frequently prolongs 
hospital admissions for the purpose of rhythm 
monitorization.

–	 Self-expandable valves relate to higher rates of PPI, and 
thereby have been usually excluded from early-discharge 
protocols in TAVI.
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WHAT DOES THIS STUDY ADD? 

–	 The present study demonstrates that combining COP with 
RAP leads to a better risk stratification of conduction 
disturbances after TAVI and a reduction of hospitalization 
length, with a lower permanent pacemaker rate at 90-day 
follow-up. 

–	 This seems to significantly impact post-TAVI care in 
short-term admission-related infections. 

–	 Further research regarding risk factors for events and 
protocolization of early discharge for an optimal manage-
ment of TAVI patients is still required.
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ABSTRACT

Introduction and objectives: Calcified coronary lesions are becoming more prevalent and remain therapeutically challenging. 
Although a variety of devices can be used in this setting, cutting balloons (CB) and scoring balloons (SB) are powerful and simple 
tools to treat calcified plaques vs more complex devices. However, there are some drawbacks: these are stiff and bulky balloons 
that, as a first device, complicate lesion crossing and navigability in the presence of tortuosity, thus making it extremely difficult 
to recross once the balloon has been inflated. The objective of this study was to evaluate the safety and efficacy profile of the new 
Naviscore SB designed to overcome these drawbacks. 
Methods: The first-in-man Naviscore Registry is a multicenter, prospective trial that included 85 patients with moderate (34%) or 
severe (66%) de novo calcified coronary lesions located in the native arteries, with stable angina and an indication for percutaneous 
coronary intervention. 
Results: Mean age was 71 ± 11 years, with a high prevalence of comorbidities. Used as the first device, the Naviscore was able 
to cross 76% of the lesions and was used in 98% of the cases effectively modifying the calcified plaque. Procedural success was 
achieved in 94% of cases. Basal stenosis of 81 ± 12% decreased to 33 ± 8.5% after Naviscore and to 7.5 ± 2.6% after stent 
implantation. There were no major adverse cardiovascular events during admission. Perforation, device entrapment or flow-limiting 
dissections did not occur—only type A/B dissections in 13%—which were fixed with stent implantation. Device performance was 
deemed superior to the usual SB or CB used by the participant centers. 
Conclusions: The Naviscore SB is very effective crossing severely calcified lesions as the first device, with effective plaque 
modification, stent expansion and an excellent safety profile. The Naviscore improves the behavior of current CB and SB. Due to 
its simplicity of use and performance, the Naviscore can be the first-choice SB to treat significant calcified lesions. 

Keywords: Calcified coronary lesions. Scoring balloon. Plaque modification.

Nuevo balón scoring para el tratamiento de lesiones coronarias con 
calcificación de moderada a grave. Primer estudio en humanos Naviscore

RESUMEN

Introducción y objetivos: Las lesiones coronarias calcificadas son cada vez más prevalentes y suponen un reto terapéutico. Aunque 
se pueden tratar con distintos dispositivos, los balones de corte (BC) y de scoring (BS) son herramientas potentes y de más fácil 
uso que otros dispositivos de mayor complejidad. Sin embargo, tienen un alto perfil de cruce, son rígidos y cuesta cruzar la lesión 
como primer dispositivo; navegan mal y es difícil recruzar cuando ya se ha dilatado el balón. El objetivo del estudio fue evaluar 
la eficacia y la seguridad del nuevo BS Naviscore, diseñado para soslayar estos inconvenientes. 
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INTRODUCTION

Currently, the number of percutaneous coronary interventions 
(PCI) involving moderate-to-severe calcified plaques is increasing 
due to a progressively aging population and extending procedural 
indications into more comorbid patients. The presence of such 
calcification is extremely relevant as it is strongly associated with 
worse outcomes, specially by means of stent underexpansion, a 
potent predictor of stent thrombosis or in-stent restenosis.1-3 More-
over, calcified plaques can make advancing the devices difficult 
and trigger stent deformation and entrapment, coronary artery 
dissection, or perforation.1,4-6. Currently, there is a growing interest 
in the assessment of plaque morphology and its modification prior 
to stent implantation, which has led to the development of multiple 
tools such as rotational atherectomy, lithotripsy, orbitational 
atherectomy, cutting balloons (CB) and scoring balloons (SB).7-11 The 
latter are easy to use and aim to create a controlled fracture of 
calcium deposits and plaque dilatation to facilitate stenting.12-14 
However, despite their theoretical simplicity, these devices are 
bulky and stiff, making it difficult to cross the lesion at the first 
attempt, navigate the vessel, and recross the lesion once inflated. 
Therefore, there is a need for a more trackable and better-profiled 
SB to improve the uptake of these devices to treat calcified coronary 
artery disease. 

The newly designed Naviscore SB (iVascular, Spain) seeks to 
address these drawbacks. Its structure is based on 125-µm thick 
nitinol laser cut filaments arranged in an axial pattern placed over 
a semi-compliant high-pressure balloon with a nominal pressure of 
8 atm, a rated burst pressure of 20 atm, and a mean burst pressure 
of 26 atm (figure 1). A nylon compensation tube in the shaft helps 
to re-wrap during balloon deflation. The mechanical properties of 
nitinol tend to regain its original shape once the balloon has been 
deflated. The nylon compensation tube elongates once the balloon 
has been inflated and due to its elastic properties, it regains its 
original length when deflated (video 1 of the supplementary data). 
The 2 mechanisms produce a powerful re-wrapping of the entire 
system when the balloon has been deflated, regaining its original 
crossing profile, which allows for easy lesion recross and further 
dilatations as many times as required. Axial distribution of scoring 
elements provides a high push against calcified lesions. Nitinol 
elastic properties provide a better navigability through tortuous 
calcific vessels compared with rigid scoring elements, such as 

stainless steel. The durable hydrophilic coating of the Hydrax Plus 
catheter (iVascular, Spain) significantly reduces its coefficient of 
friction to 0.04 by increasing slip and navigability. Also, its axial 
design enables a far larger contact area with the vessel wall 
compared with other devices with spiral configuration of nitinol 
filaments such as the AngioSculpt catheter (Philips Healthcare, The 
Netherlands) (figure 2). In vitro testing (iVascular, Spain) was 
conducted to measure the crossing profile of different SBs using a 
non-contact laser meter where the profile is calculated through the 
shadow that has been created. This allows us to measure the profile 
without exerting any pressure on the device.15 The Naviscore 
crossing profile is 5% lower than Angiosculpt, and 31% lower than 
Wolverine (Boston Scientific, United States). This catheter is avail-
able in a wide range of measures from 1.5 mm up to 3.5 mm in 
diameter and from 6.0 mm up to 15 mm in length, all of them 
compatible with a 6-Fr guiding catheter. 

The present study aims to demonstrate the safety and efficacy 
profile associated with crossing and treating calcified coronary 
lesions with the Naviscore SB.

METHODS

The Naviscore first-in-man study is a multicentric and prospective 
registry that evaluated the device safety and efficacy profile in the 
treatment of calcified lesions in 85 patients from 10 centers (9 in 
Spain and 1 in Portugal), all from the Euro 4C Group, founded in 
2018 and focused on the cardiac care of calcified and complex 
patients. All operators involved in this study were experts in the 
treatment of calcified coronary lesions and familiar with most tools 
designed to treat such lesions.

Inclusion criteria were the presence of de novo moderate-to-severe 
calcified lesions by angiographic criteria in the native coronary tree 
of patients with chronic coronary syndrome scheduled for a PCI 
due to symptom persistence despite optimal medical therapy and/
or evidence of inducible ischemia. The only exclusion criterion was 
the presence of the patient’s hemodynamic compromise. 

The study was designed to assess the safety and efficacy profile 
of Naviscore in terms of delivery success when used as the first 
device to dilate the lesion, plaque modification capabilities, and 

Abbreviations

CB: cutting balloon. PCI: percutaneous coronary intervention. SB: scoring balloon.

Métodos: El Registro Naviscore es un estudio por primera vez en humanos, multicéntrico y prospectivo, en 85 pacientes con 
lesiones coronarias de novo con calcificación moderada (34%) o grave (66%), localizadas en arterias nativas, con angina estable e 
indicación de angioplastia. 
Resultados: La edad media fue de 71 ± 11 años y hubo una alta prevalencia de comorbilidad. Naviscore cruzó como primer 
dispositivo en el 76% de los casos y se empleó hasta en el 98% para dilatar la lesión. Se logró el éxito del procedimiento en el 
94%. La estenosis basal pasó del 81 ± 12 al 33 ± 8,5% después de Naviscore y al 7,5 ± 2,6% después del stent. No se registraron 
eventos coronarios adversos durante la hospitalización. Tampoco hubo casos de perforación, atrapamiento del dispositivo ni 
disección limitante del flujo; solo disecciones tipo A/B en el 13%, resueltas tras el stent. El comportamiento de Naviscore se evaluó 
como superior al de los BC o BS habituales en los centros participantes. 
Conclusiones: Naviscore tiene una alta capacidad de cruce de las lesiones como primer dispositivo, una gran eficacia en la 
modificación de la placa y un excelente perfil de seguridad. Por su facilidad de uso y eficacia, Naviscore podría considerarse como 
el BS de primera elección en el tratamiento de lesiones calcificadas complejas.

Palabras clave: Lesiones coronarias calcificadas. Balón scoring. Modificación de placa.
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complications. Consequently, operators were asked to use the 
Naviscore in all cases as the first device to cross and dilate the 
lesion. However, in cases of failed lesion crossing, dilatation with 
a small balloon was recommended with subsequent re-use of the 
same Naviscore catheter. 

Operators involved in the study had little prior experience with the 
Naviscore in, at least, 3 cases and were asked to include, at least, 
5 patients in the study. The operators assessed the performance of 
the catheter in each procedure in terms of pushability, navigability, 
crossing, deflation time, re-wrap, recrossing capabilities and ease 
of retrieval, and made a subjective comparison with their routinely 
used SB or CB. 

The baseline clinical characteristics were recorded prior to the 
procedure and angiographical and optical coherence tomography 
(OCT) images were analyzed separately by 2 different operators. 
Coronary angiography was performed using, at least, 2 orthogonal 

projections to show stenosis as it is commonly used in the routine 
clinical practice. The view with the most severe stenosis was 
selected for the quantitative analysis of the lesion before and after 
the PCI. Lesion calcification was angiographically categorized as 
none/mild, moderate (radiopacities were only noted during the 
cardiac cycle movement prior to contrast injection) or severe (radi-
opacities noted without cardiac movement prior to contrast injec-
tion involving both sides of the arterial lumen).16 Lesions were 
categorized as A, B1, B2 and C based on the modified ACC/AHA 
Task Force classification, which is in turn, based on the morphology 
and potential complexity of the PCI.17 Procedural success was 
defined as an angiographically residual percent diameter stenosis 
<  30% after stent implantation, absence of major complications 
and final Thrombolysis in Myocardial Infarction (TIMI) grade-3 
flow.18 OCT analysis was performed as recommended in the routine 
clinical practice: lesion and proximal and distal references within 
5 mm were used to estimate diameters and areas. Calcium cracks 
were defined as fissures involving a calcified region.19,20

Figure 1. Structure of the Naviscore SB. MBP, mean burst pressure; RBP, rated burst pressure.

Figure 2. In vitro model assessment of the AngioSculpt scoring surface (upper image) vs the Naviscore (lower image). The Naviscore scoring surface is 6 
times larger than that of the AngioSculpt.
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Statistical analysis

Data are expressed as mean  ± standard deviation for continuous 
variables with a normal distribution, median and interquartile 
range [IQR] for continuous variables with a non-Gaussian distribu-
tion, and counts and percentages for categorical data. 

Statistical analyses were performed using the Stata software version 
16.1 (College Station, TX, United States).

Ethical considerations

Informed consent was obtained from all the patients and the study 
was approved by the Research Ethics Committee. The authors 
declare that procedures were followed according to the regulations 
established by the Clinical Research and Ethics Committee and the 
Declaration of Helsinki of the World Medical Association.

RESULTS

From November 2021 through February 2022, a total of 85 
patients—80% males—with a mean age of 71 ± 11 years were included 
in the present study. One center included a total of 21 patients and 
the remaining 9, between 5 and 10 patients each. Baseline patient 
and lesion characteristics are shown in table 1. Regarding comorbid-
ities, the prevalence of diabetes mellitus, dyslipidemia, hypertension, 
and chronic kidney disease was 44%, 70%, 75%, and 18% respec-
tively. Prior revascularization was present in 43% of the patients (PCI 
in 38% and coronary artery bypass graft in 16%). The left anterior 

descending coronary artery was the most common location of target 
lesions (41%), followed by the right coronary artery (28%), left 
circumflex artery (16%) and left main coronary artery (15%). Most 
lesions (87%) were categorized as type B2/C, 66% were severely 
calcified and 34% had moderate calcification by angiographic assess-
ment. Chronic total occlusion was reported in 10% of treated lesions. 
Reference vessel diameter was 3.0  ±  0.5 mm; mean lesion length, 
20.3 ± 9.4 mm; and diameter stenosis, 81.4 ± 12%.

The Naviscore catheter diameters used to dilate the lesions were 
2.0 mm (21%), 2.5 mm (38%), 3.0 mm (31%), and 3.5 mm (10%). 
Mean number of device inflations was 2.7 ± 1.5 times.

The Naviscore crossing performance of is shown in figure 3. Despite 
the strong recommendation to use Naviscore as the first device, 
some operators decided to use Rotablator or small balloons first in 
10 patients due to severely narrowed and/or calcified vessels. In all 
those cases, the Naviscore successfully crossed and dilated the 
lesion after the first attempt. In the 75 patients in whom the 
Naviscore was used as the first device, the lesions were crossed 
and treated successfully in 57 (76%) of them. In the remaining 18 
(24%) patients, the Naviscore crossed the lesion after pre-dilatation 
with a small balloon in 16 (89%) patients. Only 2 patients had 
non-crossable lesions. 

PCI results and in-hospital outcomes are shown in table 2. Proce-
dural success was achieved in 94% of cases. The mean lesion 
percent diameter stenosis decreased from 81.4  ±  12% at baseline 
to 33.3 ±  8.5% after Naviscore dilatation, with a residual percent 
diameter stenosis of 7.5 ± 2.6% after stent implantation. There were 
no in-hospital major adverse cardiovascular events or any cases of 
perioperative perforation or device entrapment. Coronary dissec-
tions occurred in 13% of the cases (all of them type A or B) and 
resolved after stent implantation. 

Ten procedures were OCT-guided. Pre-dilatation analysis could 
only be performed in 5 lesions; the OCT catheter could not cross 
the remaining lesions. Four of those had Fujino’s scores8 of 4 and 
in 2 of them the nodules protruded into the lumen. After dilatation, 
all lesions exhibited dissections that covered the intima and the 
media. Fractures were seen in all calcified plaques, which were 
deeper and wider in non-nodular calcified regions. Enlargement of 
lumen area after treatment with the Naviscore and correct stent 
apposition and expansion was observed in all imaging-guided cases 
(figure 4).

Table 1. Baseline clinical and angiographic characteristics

Clinical and angiographic characteristics (n = 85) n (%)

Age, years 71 ± 11

Male 68 (80%)

Diabetes 37 (44%)

Dyslipidemia 59 (70%)

Hypertension 67 (75%)

Chronic kidney disease 15 (18%)

Current/former smokers 53 (62%)

Prior PCI/CABG 37 (43%)

Type B2/C lesions 74 (87%)

Severe calcification 56 (66%)

Moderate calcification 29 (34%)

Basal percent diameter stenosis 81 ± 12%

Chronic total occlusion 8 (10%)

Lesion location: Left main coronary artery 13 (15%)

LAD 35 (41%)

RCA 24 (28%)

LCx 13 (16%)

CABG, coronary artery bypass graft; LAD, left anterior descending coronary artery; LCx, 
left circumflex artery; PCI, percutaneous coronary intervention; RCA, right coronary 
artery.

Naviscore
as a first device

n = 75

Naviscore
crossed after
n = 10 (100%)

Naviscore crossed 
and opened vessel

n = 57 (76%)

Naviscore
did not cross
n = 18 (24%)

Naviscore used in lesion treatment n = 83 (98%)

Crossed after small 
balloon predilatation

n = 16 (89%)

Did not 
cross at all
n = 2 (11%)

Roablator
small balloon

n = 10

First attempt

Figure 3. Crossing performance of the Naviscore.
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Table 3 shows the subjective performance of the Naviscore as 
evaluated by the operators of the present study. The Naviscore 
performance including push, navigability, crossing, deflation time, 
re-wrap, recrossing capabilities and ease of retrieval was deemed 
superior to the Wolverine, NSE Alpha (Nipro Co. Ltd., Japan), 
AngioSculpt, and Scoreflex (OrbusNeich, China). 

DISCUSSION

Findings of this first-in-man registry with the new SB Naviscore in 
moderately to severely calcified coronary lesions performed in 
CHIP (complex and high-risk intervention in indicated patients) by 
highly experienced operators on this field can be summarized as 
follows: a) the Naviscore was able to cross the lesions as the first 
device in 3 out of 4 patients in such difficult scenario; b) this device 
proved to be effective to treat complex coronary lesions, with 
procedural success rates of 94%; c) the Naviscore was safe as no 
major dissection, perforation, or device entrapment were observed 
and d) the performance of the Naviscore SB was better compared 
with other commercially available SB and CB as subjectively 
assessed by the experienced operators in this study.

Calcified coronary lesions account for up to 30% of lesions scheduled 
for PCI and are associated with worse clinical outcomes.1 Further-
more, these lesions are probably the most challenging ones for PCI 
operators. Thus, it is of paramount importance to develop specific 
devices for this scenario.21-23 Although several plaque-modification 
techniques have appeared in recent years, there are not very many 
head-to-head comparisons, thus complicating the choice between 
them. In contrast, several treatment combinations and algorithms 
have been published.24-27 Ablation techniques, such as rotational or 
orbital atherectomy, are especially indicated in uncrossable or undi-
latable lesions with balloon catheters. However, since there are more 
potential complications and a steeper learning curve associated with 
these therapies, developing new tools with a better crossing profile 
would be very positive in this scenario. The good crossability of the 
Naviscore SB showed in the present study is probably related to its 
unique nitinol structure in an axial configuration. CB such as the 

Table 2. Angiographic and in-hospital results

Angiographic and in-hospital clinical results (n = 85) n (%)

Procedural success: residual percent diameter stenosis < 30% 
after stenting, absence of major complications and TIMI grade-3 flow

80 (94%)

Percent diameter stenosis pre-Naviscore 81 ± 12%

Percent diameter stenosis post-Naviscore 33 ± 8.5%

Percent diameter stenosis post-stenting 7.5 ± 2.6%

MACE (in-hospital) 0%

Death, MI, emergency CABG 0%

Perforation 0%

Limiting flow dissection 0%

Type A or B dissection 11 (13%)

Device entrapment 0%

CABG, coronary artery bypass graft; MACE, major adverse cardiovascular events; MI, 
myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

Figure 4. Clinical examples of 2 different lesions treated with the Naviscore. Angiography and baseline OCT (A) after dilatation with the Naviscore catheter 
(B) and post-stent implantation (C). On the left side, panel A shows a severely stenotic fibrocalcific plaque on the left anterior descending coronary artery 
that Naviscore (B) modifies creating calcium fractures (*) and dissection (arrow) resulting in stent implantation with good apposition and expansion (C). The 
right side shows a severely calcified plaque on the right coronary artery (A) with an arc of calcium of 180º at its proximal edge (lateral OCT picture) and 360º 
at its distal edge (central OCT picture) that the Naviscore modifies (B) creating calcium fractures (*) and dissection (arrow) resulting in stent implantation 
with good apposition and expansion (C). OCT, optical coherence tomography.

A A

B B

C C
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Wolverine or the NSE Alpha have a similar axial configuration of 
their cutting elements. However, the crossing profile of the Navis-
core is 31% smaller than the CB. Although a comparative study on 
the crossing capabilities of those devices is not available, such a 
different profile favors the superior crossing capabilities of the Navis
core device. In fact, the operators of the present registry highlighted 
the ability to cross and recross lesions as one of the best features of 
the device compared with their usual CB or SB. Compared with the 
AngioSculpt—a SB that shares a nitinol structure with the Naviscore— 
the helical configuration of nitinol filaments in front of the axial 
alignment of the Naviscore nitinol filaments can make a difference. 
Axial alignment adds push to the device through the lesion, while 
the helical nitinol configuration can deform the structure under 
friction, thus reducing its navigability and, in some cases, cause 
device entrapment.28 Furthermore, as shown in figure 2, helical 
distribution of nitinol significantly reduces the nitinol scoring surface 
in front of an axial distribution.

The efficacy of the Naviscore balloon has proven to be good in the 
present study, with a procedural success rate of 94%. Furthermore, 
quantitative angiographic analysis showed a reduction of basal 
stenosis from 81% to 31% after Naviscore dilatation and to 7.5 ± 
2.6% after stent implantation. Finally, the OCT evaluation confirmed 
the presence of extensive calcium fractures caused by the scoring 
filaments (figure 4). As the balloon gradually inflates, the radial 
forces concentrate along the surface of the nitinol scoring elements, 
resulting in a more controlled balloon expansion, increasing the 
force of the nitinol frame filaments to break down the calcified 
plaques.29 In vitro experiments comparing a simple SB (Scoreflex) 
with a conventional balloon catheter to dilate concentric tubes of 
calcium revealed that the inflation pressure required to break down 
the calcium tubes was consistently lower with SB. Finite element 
analysis revealed that the first main stress applied to the calcified 
plaque was, at least, 3-fold higher when inflating the balloon cath-
eter with scoring elements.30 Naviscore has the largest scoring 
surface in the SB current market, being 6 times more extensive than 
the AngioSculpt (figure 2). Pressure concentration of the scoring 
elements is the mechanism of the increased ability of SB to dilate 
calcified lesions and facilitate stent expansion. Residual stenosis 
after stent placement was 7.5 ± 2.6% in our study.

Finally, the Naviscore proved to be safe in the present study, which 
could be justified by the mechanism of action of the device that 
uses nitinol filaments as the anchor to avoid balloon slippage, and 
allows balloon controlled expansion, minimizing the risk of baro-
trauma, coronary dissection, and perforation. Using OCT imaging, 
SB broke down the calcified lesion without the undesirable dissec-
tion of noncalcified segments, thus allowing successful stent 
implantation with adequate expansion.29,30

Limitations

One limitation of the study is its own design as a registry and 
therefore, the absence of a randomized comparator. Instead, expert 

operators in the treatment of calcified coronary lesions were asked 
to subjectively compare the device at test with their commonly used 
SB or CB in terms of push, cross/recross, rewrap, navigability and 
time of deflation. The subjective nature of this assessment, while 
providing valuable information, could be a limitation.

Another limitation is the sample size of the study, especially the 
size of the population involved in the OCT imaging analysis. Unfor-
tunately, in our setting, the use of this technique to analyze calcified 
lesions, although on the rise, is still far from what would be 
recommended. However, and despite the limitations in terms of 
number, the cases analyzed with intracoronary imaging homoge-
neously show us the effect of the device under study—calcium 
fractures, dissection and increase in luminal area—as well as the 
optimal stent expansion. 

The small sample of patients in this study does not allow for a 
disaggregated analysis by sex to draw any valid results.

CONCLUSIONS

The Naviscore SB is a step ahead in this field with an innovative 
design using a nitinol frame with axial distribution of filaments 
placed over a high-pressure balloon to improve current SB or CB 
designs. This provides a strong pushing capability and flexibility to 
cross the most difficult calcified lesions in 3 out of 4 patients and 
easily navigate through tortuous anatomy. Superior scoring surface 
provides strong plaque modification capabilities by facilitating 
calcium fractures and controlled dissections, and ultimately, optimal 
stent expansion. Uniform and controlled balloon expansion and the 
anchor effect provided by the nitinol frame minimizes the risk of 
uncontrolled dissections and distal embolization, thus providing an 
outstanding safety profile, confirmed in this study by the absence of 
major adverse cardiovascular events, device entrapment or flow- 
limiting dissections. Therefore, the Naviscore can be considered as 
the front-line SB, either alone or in combination with atheroablative 
techniques in the treatment of moderate-to-severe calcified lesions. 
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Table 3. Subjective performance of the Naviscore compared with traditional and scoring or cutting balloons of participant centers. Push, capacity to cross 
the lesion, deflation time, rewrap and recrossing capabilities were the most valued characteristics of the Naviscore

Parameter Push Navigability Crossing Friction Device 
visibility

Deflation 
time

Rewrap Recrossing 
capability

Ease of 
retrieving

Global 
evaluation

Better 60% 54% 63% 52% 34% 65% 65% 69% 53% 78%

Equal 38% 46% 35% 46% 65% 34% 34% 29% 46% 21%

Worse 2% 0% 2% 2% 1% 1% 1% 2% 1% 1%
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that the procedures were followed in full compliance with the 
regulations set forth by the Clinical Research and Ethics Committee 
and Declaration of Helsinki of the World Medical Association. In 
accordance with the regulations of the SAGER guidelines, the small 
sample of patients in this study does not allow for a disaggregated 
analysis by sex to draw any valid results.
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WHAT IS KNOWN ABOUT THE TOPIC?

–	 Calcified coronary lesions are becoming more prevalent 
in the routine clinical practice and remain therapeutically 
challenging for interventional cardiologists. 

–	 Careful plaque modification is mandatory prior to stent 
implantation to achieve optimal results after the PCI. 

–	 Several techniques and devices have been developed in 
this regard such as rotational and orbital atherectomy, 
lithotripsy and modified balloons. 

–	 CB and SB are simple devices that do not require a 
learning curve. However, their design is that of a bulky 
and stiff device, which complicates lesion crossing, 
regarding navigation through vessels with some tortu-
osity and lesion recrossing once dilated. 

WHAT DOES THIS STUDY ADD?

–	 The new Naviscore SB design is highly effective in crossing 
severely narrowed and calcified coronary lesions at the 
first attempt and has powerful plaque modification capa-
bilities, while keeping an excellent safety profile. 

–	 This device is a significant improvement over other CB 
and SB devices currently available in the market and 
could be selected as the first-choice SB tool to treat 
moderate-to-severe calcified lesions.
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ABSTRACT

Introduction and objectives: There is limited data on the impact of the culprit vessel on very long-term outcomes after ST-elevation 
myocardial infarction (STEMI). The aim was to analyze the impact of the left anterior descending coronary artery (LAD) as the 
culprit vessel of STEMI on very long-term outcomes.
Methods: We analyzed patients included in the EXAMINATION-EXTEND study (NCT04462315) treated with everolimus-eluting 
stents or bare-metal stents after STEMI (1498 patients) and stratified according to the culprit vessel (LAD vs other vessels). The 
primary endpoint was the patient-oriented composite endpoint (POCE), including all-cause mortality, myocardial infarction (MI) 
or revascularization at 10 years. Secondary endpoints were individual components of POCE, device-oriented composite endpoint 
and its individual components and stent thrombosis. We performed landmark analyses at 1 and 5 years. All endpoints were adjusted 
with multivariable Cox regression models.
Results: The LAD was the culprit vessel in 631 (42%) out of 1498 patients. The LAD-STEMI group had more smokers, advanced 
Killip class and worse left ventricular ejection fraction. Conversely, non-LAD-STEMI group showed more peripheral vascular disease, 
previous MI, or previous PCI. At 10 years, no differences were observed between groups regarding POCE (34.9% vs 35.4%; adjusted 
hazard ratio [HR], 0.95; 95% confidence interval [95%CI], 0.79-1.13; P = .56) or other endpoints. The all-cause mortality rate was 
higher in the LAD-STEMI group (P = .041) at 1-year. 
Conclusions: In a contemporary cohort of STEMI patients, there were no differences in POCE between LAD as the STEMI-related 
culprit vessel and other vessels at 10 years follow-up. However, all-cause mortality was more common in the LAD-STEMI group 
within the first year after STEMI.

Keywords: Acute myocardial infarction. STEMI. Angiography. Coronary. Percutaneous coronary intervention.
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INTRODUCTION

Percutaneous coronary intervention (PCI) is the first-line therapy 
in patients with ST-segment-elevation myocardial infarction 
(STEMI).1 The STEMI-related culprit vessel is usually considered as 
one of the most important prognostic factors in STEMI patients.2,3 
This assumption comes from previous studies –conducted in the 
pre-reperfusion or thrombolysis era– which showed that left ante-
rior descending artery (LAD)-related STEMIs were associated with 
worse clinical outcomes compared with right coronary (RCA) and 
left circumflex artery (LCX)-related lesions.4-9

However, in the contemporary era of primary PCI there are limited 
data about the prognostic impact of LAD as the STEMI-related 
culprit vessel especially in a very long follow-up.10,11

Therefore, the aim of this study was to investigate the impact of 
the LAD as the STEMI-related culprit vessel on very long-term 
clinical outcomes in STEMI patients undergoing primary PCI 
enrolled in the EXAMINATION-EXTEND study (10-year follow-up 
of the EXAMINATION trial).

METHODS

Study design and patients

The EXAMINATION trial (NCT00828087) was an all-comer, multi-
center, prospective, 1:1 randomized, 2-arm, single-blind, controlled 

trial conducted at 12 centers across 3 countries to assess the supe-
riority of EES (Xience V) vs BMS (Multilink Vision, Abbott Vascular) 
in STEMI patients regarding the primary endpoint of all-cause 
mortality, any myocardial infarction, and any revascularization at 
1 year. The study had broad inclusion criteria and few exclusion 
criteria to ensure an all-comer STEMI population representative of 
the routine clinical practice. The study outcomes have been reported 
up to the year 5.12,13 After that, it was reinitiated as the EXAMINATION- 
EXTEND study to evaluate patient- and device-oriented composite 
endpoints at 10 years. The latter is registered at ClinicalTrials.gov 
(NCT04462315) as an investigator-driven extension of follow-up of 
the EXAMINATION trial. An independent study monitor (ADKNOMA, 
Barcelona, Spain) verified the adequacy of the extended follow-up 
and events reported. All events were adjudicated and classified by 
an independent event adjudication committee blinded to the 
therapy groups (Barcicore Lab, Barcelona, Spain). The 10-year 
primary endpoint results of the EXAMINATION-EXTEND study 
have been previously published.14 For the aim of this study, base-
line, procedural characteristics and outcomes were stratified 
according to the STEMI-related culprit vessel (LAD vs others). All 
centers participating in the EXAMINATION trial received the 
approval of their Medical Ethics Committee, and all enrolled 
patients who had already signed their written informed consent 
forms. Medical ethics committee approval for EXAMINATION- 
EXTEND was granted at the institutions of the principal investiga-
tors (Hospital Clínic and Hospital Bellvitge, Barcelona, Spain), and 
the requirement to obtain informed consent to gather information 
on 10- year events was waived. The study complied with the 
Declaration of Helsinki. 

Abbreviations

LAD: left anterior descending coronary artery. LVEF: left ventricular ejection fraction. MI: myocardial infarction. PCI: percutaneous 
coronary intervention. POCE: patient-oriented composite endpoint. STEMI: ST−segment elevation myocardial infarction.

Impacto pronóstico a largo plazo de la arteria descendente anterior como 
vaso culpable del IAMCEST: subanálisis del estudio EXAMINATION-EXTEND

RESUMEN

Introducción y objetivos: Existen datos limitados sobre el impacto a muy largo plazo del vaso culpable después de un infarto de 
miocardio con elevación del segmento ST (IAMCEST). El objetivo fue analizar el efecto de la arteria descendente anterior (DA) 
como vaso culpable en el IAMCEST en los resultados a muy largo plazo.
Métodos: Se analizaron los pacientes incluidos en el estudio EXAMINATION-EXTEND (NCT04462315) que recibieron stents 
liberadores de everolimus o stents metálicos después de un IAMCEST (1.498 pacientes) y se estratificaron según el vaso culpable 
(DA frente a otros vasos). El objetivo primario fue el objetivo combinado orientado al paciente (POCE) que incluyó muerte por 
cualquier causa, infarto agudo de miocardio (IAM) o revascularización a los 10 años. Los objetivos secundarios fueron los compo-
nentes individuales del POCE, el evento compuesto orientado al dispositivo y sus componentes individuales, así como la trombosis 
del stent. Se realizaron análisis de puntos de referencia a 1 y 5 años. Todos los objetivos fueron ajustados mediante modelos de 
regresión de Cox multivariantes.
Resultados: De los 1.498 pacientes, la DA fue el vaso culpable en 631 (42%). El grupo IAMCEST-DA mostró mayor proporción de 
fumadores, una clase Killip más avanzada y una peor fracción de eyección del ventrículo izquierdo. En cambio, el grupo sin 
IAMCEST-DA mostró mayor prevalencia de enfermedad vascular periférica, IAM previo y angioplastia coronaria previa. A los 
10 años no se observaron diferencias entre los grupos para el POCE (34,9 frente a 35,4%; hazard ratio, 0,95; intervalo de confianza 
del 95%, 0,79-1,13; p = 0,56) ni para otros objetivos. Hubo una mayor mortalidad por cualquier causa en el grupo IAMCEST-DA 
(p = 0,041) al primer año.
Conclusiones: En una cohorte contemporánea de pacientes con IAMCEST no hubo diferencias en cuanto al POCE entre la DA 
como vaso culpable en el IAMCEST y los otros vasos a los 10 años de seguimiento. Sin embargo, en el primer año después del 
IAMCEST, la mortalidad por cualquier causa fue más común en el grupo IAMCEST-DA.

Palabras clave: Infarto agudo de miocardio. IAMCEST. Angiografía. Coronaria. Intervención coronaria percutánea.
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Study endpoints 

The primary endpoint of this study was the patient-oriented 
composite endpoint of all-cause mortality, any myocardial infarc-
tion, or any revascularization at 10 years. Secondary endpoints 
were each individual components of the primary endpoint, 
device-oriented composite endpoint (cardiac death, target-vessel 
myocardial infarction, target lesion revascularization), its individual 
components and stent thrombosis. Detailed descriptions of the 
study endpoints and definitions have been published previously.15

Statistical analysis

Continuous variables are expressed as median (interquartile range; 
IQR), and categorical variables as absolute and relative frequencies 
(percentages). 

Baseline clinical, angiographic, and procedural characteristics were 
compared between the groups stratified by the STEMI-related 
artery (LAD vs other vessels) using the Wilcoxon rank sum test, 
the chi-square, or Fisher’s exact test, where appropriate.

Time-to-event curves for POCE and all-cause death were plotted 
using the one minus the Kaplan-Meier estimate and the cumulative 
incidence function for other outcomes. The incidence of events at 
the follow-up was compared between groups using log-rank or 
Grey’s test. Landmark analyses were also performed, setting land-
mark points at 1 and 5 years.

The association between LAD as a STEMI-related culprit vessel and 
events was analyzed in univariable and multivariable cause-specific 
Cox regression models. Covariates were added to the multivariable 
model in 2 blocks. The first model included all clinically relevant 
baseline characteristics variables with P < .1 in the between-groups 
comparison (LAD vs other vessels), i.e., sex, smoking status, periph-
eral vascular disease, previous PCI, previous CABG, previous MI, 
and Killip class. The second model (expanded adjustment) included 
both the baseline characteristics and the left ventricular ejection 
fraction (LVEF) at discharge.

Two-tailed P-value < .05 was considered statistically significant. 
All statistical analyses were performed using R (R Core Team 
(2022). R: a language for statistical computing. R Foundation for 
Statistical Computing, Austria) with the following packages: 
survival, tidycmprsk, jskm, and gtsummary.

RESULTS

Patient characteristics

In 631 (42%) out of the 1498  STEMI patients included in the 
EXAMINATION EXTEND trial, the LAD was the culprit vessel 
(LAD-STEMI group), whereas in 867 patients (58%) it was not (non- 
LAD-STEMI group). Patients’ inclusion flowchart is shown in figure 1.

LAD-STEMI group had a higher incidence of active smokers, 
advanced Killip class and more depressed LVEF vs the non-LAD-STEMI 
group, which, however, exhibited a higher incidence of peripheral 
vascular disease, previous MI and previous PCI (table 1). Also, 
although non-statistically significant, the frequency of late comers 
and bailout PCI was numerically higher in the LAD-STEMI group.

Regarding procedural data, LAD-STEMI group received smaller 
stent diameter (3.12 mm vs 3.26 mm; P  =  .001) and had a lower 
incidence of ST-segment resolution than the non-LAD-STEMI group 
(73%, vs 50%; P = .001) (table 2). The use of GP IIb/IIIa inhibitors 

was numerically lower in the LAD-STEMI group, although the 
differences between groups were not statistically significant. Of 
note, almost half of the patients (46%) with LAD-STEMI had the 
lesion in the proximal LAD compared with 44% of them who had 
it in the mid/distal LAD.

Ten-year outcomes

At the 10-year follow-up, POCE did not differ between LAD-STEMI 
and non-LAD-STEMI group (adjusted HR, 0.95; 95%CI, 0.79-1.13; 
P =  .56) (figure 2). Moreover, no differences were found in terms 
of each individual component of POCE (all-cause mortality, MI, any 
revascularization) (figure 3) and other secondary endpoints (figure 1 
of the supplementary data). Furthermore, when the expanded 
adjustment was performed and LVEF was included in the multi-
variable analysis, there were no inter-group differences between 
(table 3).

Landmark analyses

POCE landmark analysis showed no differences between the 2 
groups across different time points. (figure 4A). Looking specifically 
at the various POCE individual components, the LAD-STEMI group 
exhibited a higher rate of all-cause mortality within the first year vs 
the non-LAD-STEMI group (p = 0.041), but this difference disappeared 
thereafter (figure 4B). Between years 0 and 1, there was also a trend 
toward a lower rate of myocardial infarction in the LAD-STEMI 
group vs the non-LAD-STEMI group (p = 0.081), which disappeared 
after year 1 (figure 4C). No differences were ever found regarding 
any revascularization (figure 4D) or other secondary endpoints 
between the 2 groups (figure 2 of the supplementary data).

DISCUSSION

The main findings of this study can be summarized as follows:  
a) STEMI patients with LAD as the culprit vessel have a different 

Figure 1. Study flowchart. A total of 1498  patients were initially recruited.  
At 10 years, clinical follow-up was obtained in 95.2% of the patients. LAD, 
left anterior descending artery; STEMI, ST-elevation myocardial infarction.

Excluded due to consent 
withdrawal (N = 6)

STEMI patients included in the 
EXAMINATION trial

N = 1504

Patients included in the 
current analysis
N = 1498 patients

LAD-related STEMI
N = 631 patients

N = 604 patients
(95.7%)

N = 823 patients
(94.9%)

Non-LAD-related STEMI
N = 867 patients

10-year follow-up
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baseline clinical profile vs STEMI patients with other culprit 
vessels; b) in the contemporary era of primary PCI, LAD as the 
STEMI-related culprit vessel did not bring worse very long-term 
outcomes compared with other coronary vessels; c) nevertheless, 
between years 0 and 1 the LAD-STEMI group exhibited a higher 
all-cause mortality rate, which disappeared thereafter compared 
with non-LAD-STEMI group. 

Cardiology community knows (as reflected by the ESC guidelines 
on the management of acute coronary syndromes) that STEMI with 
LAD involvement as culprit vessel is a clinical marker of high risk 
of further events.1 LAD-related STEMI represents, approximately, 
40% up to 50% of all STEMIs,12,16 and its worse prognosis has been 
related to the large myocardium covered by the LAD flow compared 
with the myocardium supplied by other coronary vessels. Of note, 
those studies were performed in the pre-reperfusion4-7 and early 
thrombolysis/PCI era,8,9 when PCIs were still not widely available. 
In the PCI era, there are very few studies (with short or mid-term 
follow-ups ranging from 1 to 3 years) reporting that LAD-STEMI is 
associated with an increased risk of stroke, heart failure, all-cause 
mortality10,17 and cardiovascular death11 after the PCI. 

In our analysis, conducted in a cohort where the PCI was exten-
sively performed, LAD as the STEMI culprit vessel did not appear 
to confer a worse prognosis to patients at the 1- or even 10-year 
follow-up. Of interest, LAD-STEMI patients exhibited the classical 
clinical features related to LAD, such as advanced Killip class at 
the time of presentation, lower ST-segment resolution and lower 
LVEF, which is similar to previous studies.8-11,17 All these unfavor-
able clinical characteristics are indeed related to the large amount 
of myocardium damaged in a LAD-STEMI with subsequent heart 
failure and ventricular arrhythmias.17-19 Nevertheless, this did not 
translate into a worse, very long-term clinical outcome. Signifi-
cantly, even after accounting for variations in LVEF (which we 
addressed separately in our model due to its perceived role in the 
outcome cascade) the results showed no differences. This observa-
tion stands in contrast to earlier evidence, where the higher 
mortality rate in this cohort had been partially attributed to the 
subsequent decline in LVEF after STEMI.9,10

Several explanations may be claimed to understand our main 
finding. It may be hypothesized that worse outcome related to 
anterior STEMI may have been overcome by the introduction of 

Table 1. Baseline clinical characteristics

Clinical characteristics Overall (N = 1498)a LAD-STEMI (N = 631)a Non-LAD-STEMI (N = 867)a P b

Age (years) 61 [51-71] 61 [51-71] 61 [51-70] .778

Sex (male) 1,244 (83%) 512 (81%) 732 (84%) .094

Current smoker 415 (28%) 197 (31%) 218 (25%) .009

Hyperlipidemia 655 (44%) 268 (43%) 387 (45%) .419

Hypertension 725 (48%) 307 (49%) 418 (48%) .843

Peripheral vascular disease 55 (3.7%) 14 (2.2%) 41 (4.7%) .011

Previous stroke 31 (2.1%) 14 (2.2%) 17 (2.0%) .726

Previous myocardial infarction 80 (5.3%) 23 (3.7%) 57 (6.6%) .013

Previous PCI 61 (4.1%) 18 (2.9%) 43 (5.0%) .042

Previous CABG 10 (0.7%) 1 (0.2%) 9 (1.0%) .052

Clinical presentation .126

PCI (< 12 h) 1,268 (85%) 520 (82%) 748 (86%)

Bailout PCI 98 (6.5%) 51 (8.1%) 47 (5.4%)

PCI after successful thrombolysis 34 (2.3%) 14 (2.2%) 20 (2.3%)

Late comer (> 12 h and < 48 h) 97 (6.5%) 46 (7.3%) 51 (5.9%)

Killip class < .001

I 1,337 (90%) 525 (83%) 812 (94%)

II 115 (7.7%) 76 (12%) 39 (4.5%)

III 23 (1.5%) 20 (3.2%) 3 (0.3%)

IV 18 (1.2%) 8 (1.3%) 10 (1.2%)

In-hospital LVEF (%) 52 (45, 58) 46 [40-55] 55 [50-60] < .001

Symptom onset to first medical contact time (hours) 1.38 (0.70, 3.00) 1.27 [0.67-3.00] 1.47 [0.75-3.00] .353

CABG, coronary artery bypass graft; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention.
a Median [interquartile range] or frequency (%).
b Wilcoxon rank sum test; Pearson’s chi-squared test; Fisher’s exact test.
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the PCI with quick myocardial reperfusion. Pharmacological treat-
ment has been also improved from thrombolysis to the PCI era, not 
only in terms of antiplatelet agents, but also in terms of secondary 
prevention (high intensity statins and angiotensin converting 
enzyme inhibitors/angiotensin receptor blockers or angiotensin 
receptor/neprilysin inhibitors for left ventricular dysfunction).20-23 
Furthermore, in our study, the LAD-STEMI group had a higher 
proportion of active smokers. Smoking cessation remains the most 
critical preventive measure for coronary artery disease. The rela-
tionship between smoking and cardiovascular outcomes has been 
a matter of discussion, as some studies have suggested improved 
cardiovascular outcomes, even in the long term, among smokers 
who experienced STEMI.24 However, many of these studies were 
observational registries conducted in the pre-PCI era. Recent 
evidence indicates that smoking is associated with more post-PCI 
long-term adverse outcomes.25 Therefore, the so-called “smoker’s 
paradox” might be better explained by factors such as younger age 
and a lower prevalence of other risk factors among smokers. 

Table 2. Angiographic and procedural characteristics

Procedural characteristics Overall (N = 1498)a LAD-related STEMI (N = 631)a Non-LAD-related STEMI (N = 867)a P b

STEMI-related culprit vessel N/A

LAD 631 (42) 631 (100) 0 (0)

LMCA 3 (0.2) 0 (0) 3 (0.3)

RCA 650 (43) 0 (0) 650 (75)

LCx 207 (14) 0 (0) 207 (24)

SVG 7 (0.5) 0 (0) 7 (0.8)

Multivessel disease 188 (13) 72 (11) 116 (13) .256

Total ischemic time (hours) 3.9 [2.7-6.8] 4.0 [2.7-7.3] 3.9 [2.7-6.3] .366

Manual thrombectomy 976 (65) 405 (64) 571 (66) .502

Glycoprotein IIb/IIIa inhibitor 785 (52) 312 (49) 473 (55) .051

Direct stenting 885 (60) 390 (63) 495 (59) .113

Stent type .312

DES 751 (50) 326 (52) 425 (49)

BMS 747 (50) 305 (48) 442 (51)

No. of stents 1.39 (0.65) 1.37 (0.63) 1.40 (0.66) .428

Total stent length (mm) 23 (18-35) 23 (18-33) 23 (18-35) .154

Maximal stent diameter (mm) 3.20 (0.45) 3.12 (0.40) 3.26 (0.47) < .001

Post-dilatation 221 (15) 97 (15) 124 (14) .564

TIMI flow after PCI .607

0 26 (1.7) 9 (1.4) 17 (2.0)

1 12 (0.8) 5 (0.8) 7 (0.8)

2 59 (4.0) 29 (4.6) 30 (3.5)

3 1396 (94) 584 (93) 812 (94)

ST-segment resolution > 70% 852 (63) 285 (50) 567 (73) < .001

BMS, bare metal stent; CABG, coronary artery bypass graft. DES, drug-eluting stent; LAD, left anterior descending coronary artery, LCx, left circumflex artery; LMCA, left main 
coronary artery; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI: ST-segment elevation myocardial infarction; SVG, saphenous venous graft; TIMI, 
thrombolysis in myocardial infarction.
a Median [interquartile range], mean (standard deviation) or frequency (%).
b Fisher’s exact test; Pearson’s chi-squared test; Wilcoxon rank sum test. 

Indeed, in our study, while the LAD-STEMI group had a higher 
proportion of smokers, they had a lower prevalence of other risk 
factors, such as peripheral vascular disease and a history of prior 
PCI or MI.

Last, but not least, in landmark analysis we found that between 
years 0 and 1, all-cause mortality was more common in the 
LAD-STEMI group. Notably, in this period, there was a numerically 
higher number of cardiac deaths (although not statistically signifi-
cant, P = .12), a similar finding to other existing evidence that found 
a higher relatively short-term mortality in the LAD-STEMI group 
within the first 30 days. In these studies, the elevated short-term 
mortality was associated with acute sequelae, such as heart failure 
and was also speculated to be connected to other lethal complica-
tions, such as ventricular arrhythmias, cardiogenic shock or 
mechanical complications.10,11 In our cohort, we found a trend 
towards a higher rate of reinfarction in the non-LAD-STEMI group 
(P =  .081) that was largely unrelated to TLR, TVMI, or stent 
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10-year clinical outcomes following STEMI:
EXAMINATION-EXTEND trial culprit vessel subanalysis. N = 1498

Patient-oriented composite endpoint First year 1-5 years 5-10 years

LAD-related STEMI
N = 631

Non-LAD-related STEMI
N = 867

STEMI culprit vessel subanalysis at the 10-year follow-up

LAD-STEMI

Non-LAD-STEMI

LAD-related STEMI

Non-LAD-related STEMI

No. at risk No. at risk

P = .42 (log-rank)P = .66 (log-rank) P = .96 (log-rank)

First year 1-5 years 5-10 years
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Figure 2. Central illustration. Outcomes of patients with ST-segment elevation myocardial infarction according to the culprit vessel at the 10-year follow-up. 
LAD, left anterior descending coronary artery; STEMI: ST-segment elevation myocardial infarction; POCE: patient-oriented composite endpoint.
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Figure 3. Time-to-event curves for the patient-oriented composite endpoint (A), all-cause mortality (B), myocardial infarction (C), and any revascularization 
(D) in patients stratified according to the culprit vessel. LAD, left anterior descending coronary artery; MI, myocardial infarction; STEMI, ST-segment elevation 
myocardial infarction; POCE, patient-oriented composite endpoint. 
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thrombosis. This observation contrasts with previous literature that 
reported a more common occurrence of reinfarction at the follow-up 
in patients with the SVG as the culprit vessel26 as well as the LAD,8 
but not in LCx or the RCA.9-11

Our 10-year follow-up revealed similar clinical event rates between 
LAD-STEMI and non-LAD-STEMI group, indicating absence of long- 
term divergence. Previous studies showed a favorable post-acute 
phase prognosis for LAD-STEMI patients,10,11 which is consistent 
with our findings. In fact, non-cardiac factors seem to impact long-
term mortality more than infarct location does.19 Thus, patients 
with STEMI should receive uniform management focused on 
secondary prevention strategies, regardless of the culprit vessel. 
Unfortunately, insufficient long-term data collection limits deeper 
insights into these outcomes (such as the presence of heart failure, 
optimal medical therapy, or other comorbidities).

Limitations

This study presents several limitations. First, this is a non-prespec-
ified post-hoc analysis of the EXAMINATION-EXTEND study and 
therefore its conclusions must be considered only hypothesis gener-
ating. The association between infarction and outcomes may be 
driven by confounders which have not been recorded in the study. 
Then, several clinical and procedural characteristics were not avail-
able for the analysis, such as specified in-hospital or follow-up 
clinical data, like optimal medical treatment or compliance to 
medication at the follow-up. 

CONCLUSIONS

In a contemporary cohort of STEMI patients, there were no differ-
ences in POCE between LAD as the STEMI-related culprit vessel and 

other vessels at the 10-year follow-up. However, within the first year 
after STEMI, all-cause death was more common in the LAD-STEMI 
group. Our results should be considered as hypothesis-generating. 
Further studies are needed to specifically assess the relationship 
between infarction location and outcomes in a contemporary setting 
where interventional and medical treatments are optimized.
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Table 3. Ten-year outcomes

10-year outcomes
LAD-related 
STEMI (N = 631)

Non-LAD-related 
STEMI (N = 867)

Unadjusted HR 
(95%CI)

P
Adjusted HR 
(95%CI)

P a Expanded adjusted 
HR (95%CI)

P b

Patient-oriented composite 
endpointc

220 (34.9) 307 (35.4) 0.99 (0.83-1.17) .87 0.95 (0.79-1.13) .56 0.98 (0.78-1.23) .86

All-cause mortalityd 131 (21.6) 179 (21.2) 1.02 (0.82-1.28) .84 0.93 (0.74-1.18) .56 0.81 (0.59-1.09) .17

Any myocardial infarctione 33 (5.5) 53 (6.3) 0.86 (0.56-1.33) .50 0.93 (0.60-1.45) .76 1.14 (0.67-1.93) .61

Any revascularization 108 (17.4) 161 (18.8) 0.93 (0.73-1.18) .55 0.96 (0.75-1.22) .72 1.12 (0.83-1.52) .45

Device-oriented composite 
endpointf

94 (14.3) 132 (14.2) 0.98 (0.75-1.28) .88 0.91 (0.70-1.20) .50 0.95 (0.67-1.35) .77

Cardiac death 72 (9.8) 95 (10.0) 1.06 (0.78- 1.44) .71 0.89 (0.65- 1.23) .49 0.71 (0.47-1.09) .12

Target vessel myocardial 
infarction

16 (2.6) 36 (4.2) 0.62 (0.34-1.11) .10 0.69 (0.38-1.25) .22 0.87 (0.43-1.77) .71

Target lesion revascularization 44 (7.0) 63 (7.3) 0.97 (0.66-1.43) .89 1.01 (0.68-1.49) .96 1.20 (0.76-1.93) .43

Definite/probable stent 
thrombosisg

17 (2.7) 28 (3.3) 0.84 (0.46-1.54) .57 0.83 (0.45-1.55) .57 0.80 (0.38-1.73) .58

95%CI, 95% confidence interval; HR, hazard ratio; LAD, left anterior descending artery, STEMI: ST-elevation myocardial infarction. 
Data are expressed as no. (%).
a Cause-specific Cox regression model adjusted for sex, smoking status, peripheral vascular disease, previous percutaneous coronary intervention, previous coronary artery bypass 
graft, previous myocardial infarction, and Killip class. 
b Cause-specific Cox regression expanded model, adjusted for baseline comorbidities and left ventricular ejection fraction at discharge.
c Composite endpoint of all-cause death, any recurrent myocardial infarction, and any revascularization. 
d Death was adjudicated according to the Academic Research Consortium definition. 
e Myocardial infarction was adjudicated according to the World Health Organization extended definition. 
f Composite endpoint of cardiac death, target vessel myocardial infarction, target lesion revascularization, and stent thrombosis. 
g Stent thrombosis was defined according to the Academic Research Consortium definition.
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Figure 4. Landmark analysis for the patient-oriented composite endpoint (A), all-cause mortality (B), myocardial infarction (C), and any revascularization (D) 
in patients stratified according to the culprit vessel. LAD, left anterior descending coronary artery; MI, myocardial infarction; STEMI, ST-segment elevation 
myocardial infarction; POCE, patient-oriented composite endpoint.
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ABSTRACT

Introduction and objectives: The use of coronary physiology is essential to guide revascularization in patients with stable coronary 
artery disease. However, some patients without significant angiographic coronary artery disease will experience cardiovascular 
events at the follow-up. This study aims to determine the prognostic value of the global plaque volume (GPV) in patients with 
stable coronary artery disease without functionally significant lesions at a 5-year follow-up.
Methods: We conducted a multicenter, observational, and retrospective cohort study with a 5-year follow-up. A total of 277 patients 
without significant coronary artery disease treated with coronary angiography in 2015 due to suspected stable coronary artery 
disease were included in the study. The 3 coronary territories were assessed using quantitative flow ratio, calculating the GPV by 
determining the difference between the luminal volume and the vessel theoretical reference volume.
Results: The mean GPV was 170.5 mm3. A total of 116 patients (42.7%) experienced major adverse cardiovascular events (MACE) 
at the follow-up, including cardiac death (11%), myocardial infarction (2.6%), and unexpected hospital admissions (38.1%). Patients 
with MACE had a significantly higher GPV (231.6 mm3 vs 111.8 mm3; P <  .001). The optimal GPV cut-off point for predicting 
events was 44 mm3. Furthermore, in the multivariate analysis conducted, plaque volume, diabetes, hypertension, age, dyslipidemia, 
smoking, age, and GPV > 44 mm3 turned out to be independent predictors of MACE.
Conclusions: GPV, calculated from the three-dimensional reconstruction of the coronary tree, is an independent predictor of events 
in patients with stable coronary artery disease without significant lesions. A GPV > 44 mm3 is an optimal cut-off point for predicting 
events.

REC Interv Cardiol. 2025;7(2):109-114
https://doi.org/10.24875/RECICE.M24000496

Keywords: Coronary artery disease. Coronary atherosclerosis. Coronary angiography. Global plaque volume. Coronary physiology. Quanti-
tative flow ratio.

Valor pronóstico del volumen global de placa valorado mediante 
reconstrucción 3D del árbol coronario en pacientes sin enfermedad 
coronaria significativa. Un estudio multicéntrico

RESUMEN

Introducción y objetivos: La fisiología coronaria es fundamental para guiar la revascularización en los pacientes con enfermedad 
coronaria estable. Sin embargo, algunos pacientes sin enfermedad coronaria significativa en la angiografía presentarán eventos 
cardiovasculares posteriormente. Este estudio pretende determinar el valor pronóstico del volumen global de placa (VGP) en 
pacientes con enfermedad coronaria estable sin lesiones funcionalmente significativas durante 5 años de seguimiento.

mailto:carlos.cortes.villar%40gmail.com?subject=
https://x.com/Carlos_Cortes_V
https://x.com/ignamatsant
https://x.com/Julioruizru
http://crossmark.crossref.org/dialog/?doi=10.24875/RECICE.M24000496&domain=pdf
https://doi.org/10.24875/RECICE.M24000496


110 C. Cortés et al. REC Interv Cardiol. 2025;7(2):109-114

INTRODUCTION

Coronary artery disease is the leading cause of mortality world-
wide.1 Despite the safety involved in deferring invasive treatment 
in patients with stable coronary artery disease without functionally 
significant lesions,2 a percentage of patients experience cardiovas-
cular events at the long-term follow-up.3 It has been reported that 
cardiovascular events not only depend on the degree of coronary 
obstruction assessed by intracoronary physiology4-5 but also on the 
global atherosclerotic burden and its vulnerability assessed by 
intracoronary imaging modalities.6-8

The new era of coronary physiology is based on predicting frac-
tional flow reserve by reconstructing the coronary tree using angi-
ography and computational fluid dynamics.9-10 Estimating quantita-
tive flow ratio (QFR) is the most validated method of the ones 
currently available.

QFR—which predicts fractional flow reserve10-11—has proven to be 
a better tool than angiography alone to guide the need for lesion 
revascularization12 and shown long-term prognostic value13. 
Furthermore, it provides quantitative information out of the 3D 
reconstruction of the coronary tree, including minimum diameter 
and area, reference diameters, luminal volume, and atherosclerotic 
plaque volume in the studied vessel. However, the prognostic value 
of this quantitative analysis has not been sufficiently studied.

The main aim of this study was to determine the prognostic value 
of global plaque volume (GPV) in patients with stable coronary 
artery disease without functionally significant lesions at a 5-year 
follow-up.

METHODS

We conducted a retrospective observational study on a cohort of 
patients from 6 tertiary referral centers.

Study population

Patients who underwent coronary angiography from January through 
December 2015 for suspected stable coronary artery disease were 
included. Each participant center retrospectively enrolled all patients 
who underwent coronary angiography for suspected stable coronary 
artery disease and met the inclusion criteria. Patients with chronic 
total coronary occlusions, prior coronary artery bypass graft surgery, 
or inadequate angiographic quality for analysis were excluded. Addi-
tionally, patients whose angiographic analysis revealed a positive 
QFR study (< 0.80) in any coronary territory were excluded. The 
principal investigator conducted a retrospective follow-up at each 
center within the next 5 years following the index procedure. Base-
line and procedural characteristics, and events at the follow-up were 
collected by local investigators. The study fully complied the good 
clinical practice principles and regulations set forth in the Declara-
tion of Helsinki for research with human subjects. The study 
protocol was approved by the ethics committee of the reference 
hospital (Hospital Clínico Universitario de Valladolid) and the 
institutional review boards, including informed consent obtained 
from participants or, alternatively, approval for retrospective data 
analysis under ethical committee supervision.

Angiographic analysis

A blinded angiographic analysis of diagnostic coronary angiograms 
was performed by trained analysts at a centralized imaging unit 
(Icicorelab, Valladolid) using specialized software (QAngio XA 3D 
QFR, Medis Medical Imaging System, The Netherlands). A 3D 
reconstruction of the 3 major coronary vessels was performed using 
2 different projections with > 25° of separation. For the right and 
left circumflex coronary arteries, the proximal marker was manu-
ally placed at the vessel ostium, while for the left anterior descending 
coronary artery, it was placed at the left main coronary artery 
ostium. The distal marker was placed at the end of the coronary 
artery. Plaque volume was estimated by calculating the difference 
between the theoretical reference vessel volume in the absence of 
atherosclerotic disease and the estimated vessel volume in 

Abbreviations

GPV: global plaque volume. MACE: major adverse cardiovascular events. QFR: quantitative flow ratio. ROC: receiver operating 
characteristic curve.

Métodos: Se realizó un estudio observacional multicéntrico de cohortes retrospectivo con seguimiento a 5 años, que incluyó 277 
pacientes sin enfermedad coronaria significativa intervenidos mediante coronariografía en 2015 por sospecha de enfermedad 
coronaria estable. Se evaluaron los 3 territorios coronarios mediante el cociente de flujo cuantitativo, calculando el VGP como la 
diferencia entre el volumen luminal y el volumen teórico de referencia del vaso. 
Resultados: El VGP medio fue de 170,5 mm3. Durante el seguimiento, 116 pacientes (42,7%) presentaron eventos cardiovasculares 
mayores (MACE), que incluyeron muerte de causa cardiaca (11%), infarto de miocardio (2,6%) y hospitalizaciones no programadas 
(38,1%). Los pacientes con MACE tenían un VGP significativamente mayor (231,6 frente a 111,8 mm3, p < 0,001). El punto de 
corte óptimo del VGP para predecir eventos fue de 44 mm3. En el análisis multivariado, que consideró volumen de placa, diabetes, 
hipertensión, edad, dislipemia y tabaquismo, la edad y un VGP > 44 mm3 fueron predictores independientes de MACE.
Conclusiones: El VGP calculado mediante reconstrucción tridimensional del árbol coronario es un predictor independiente de 
eventos en pacientes con enfermedad coronaria estable sin lesiones significativas. Un VGP > 44 mm3 es el punto de corte óptimo 
para predecir eventos.

Palabras clave: Enfermedad coronaria. Ateroesclerosis coronaria. Angiografía coronaria. Volumen global de placa. Fisiología coronaria. 
Cociente de flujo cuantitativo.
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angiography using QFR software via quantitative analysis. Refer-
ence diameters, minimum diameter, and minimum area were 
obtained for each vessel. Considering contrast flow through the 
coronary tree, QFR was calculated according to FAVOR II stan-
dards for the physiological significance of coronary lesions. Patients 
with functionally significant disease (QFR < 0.80) were excluded.

Statistical analysis

Categorical variables are expressed as totals and percentages, and 
continuous ones as means and standard deviations. GPV was esti-
mated as the sum of plaque volume across 3 coronary territories.

The primary endpoint—major adverse cardiovascular events 
(MACE)—was a composite of cardiac death, acute myocardial 
infarction, or all-cause unplanned hospital admission.

An optimal GPV cutoff as a predictor of MACE was determined 
using the receiver operating characteristic (ROC) curve as the value 
with the maximum Youden index. Multivariate logistic regression 
models were used to calculate the odds ratio and 95% confidence 
interval as independent predictors for MACE. Variables with P < .20 
in the univariate analysis were included in the multivariate model 
as covariates.

Event-free survival was compared using Kaplan-Meier and Mantel-
Haenszel analyses. All probability values were two-tailed, and P < .05 
was considered statistically significant. Statistical analysis was 
performed using Stata (16.1, StataCorp, College Station, United States).

RESULTS

Descriptive population analysis

A total of 803 patients were evaluated for inclusion in the registry, 
122 of whom (15.2%) were excluded due to chronic occlusions in  
≥ 1 coronary territory, 17 (2.12%) due to previous surgical myocardial 
revascularization, and 159 (19.2%) due to inadequate angiographic 
analysis in, at least, 1 coronary territory. Among the remaining 
patients, 228 (45.1%) had significant coronary artery disease (QFR  
< 0.80) in, at least, 1 coronary territory, which left a final cohort of 
277 patients. Patient flowchart is shown in figure 1.

The mean age of the population was 65.8 years (most were hyper-
tensive [74.4%] men [66.1%]). Table 1 illustrates the baseline 
characteristics of the population. The median follow-up was 69 
months, during which time 5 patients were lost to follow-up.

Angiographic analysis

Mean plaque volume in the study population was 170.5 mm3 (± 
16.5); mean QFR was 0.95. Table 2 illustrates the overall means 
from the angiographic analysis according to the coronary territory 
studied. Plaque volume was independently analyzed for each coro-
nary territory and was significantly higher in the right (243 mm3) 
vs the left anterior descending (161.4 mm3) and left circumflex 
coronary arteries (172.9 mm3). Data on this analysis by coronary 
territories are shown in table 1 of the supplementary data and 
figure 1 of the supplementary data.

Prognostic value of global plaque volume

The primary event (MACE) occurred in 116 patients, which amounts 
to 42.7% of the cohort at the follow-up. Among these patients, 11% 
died, 2.6% suffered an acute myocardial infarction, and 38.1% 

required unplanned hospitalization. Patients who developed MACE 
had a significantly higher GPV (231.6 vs 111.8 mm3; P < .001), as 
well as those with a higher mortality rate (255.2 mm3 vs 154.3 mm3; 
P = .04) or unplanned hospitalizations (235.0 mm3 vs 125.4 mm3;  
P < .001). However, there were no significant differences in 
patients who experienced acute myocardial infarction (235.1 mm3 
vs 169.3 mm3; P = .51).

The optimal GPV cutoff to predict events was set at 44 mm3 based 
on ROC curve analysis (sensitivity, 64%; specificity, 65.8%; LR+, 
1.9; LR–, 0.6). 

Table 3 illustrates the study of the main determinants of the primary 
event. Variables with a significance level of P < .10 were included 
in the multivariate analysis. In the final model, age and GPV were 
independent predictors. A GPV > 44 mm3 was associated with a 
2.8-fold higher risk of events at the follow-up (figure 2).

803

277

CTO: 122

CABG 17

No analysis 159

QFR < 0.80: 228

505

Figure 1. Flowchart of the patient selection process for inclusion in the study. 
CABG, coronary artery bypass graft; CTO, chronic total coronary occlusion; 
QFR, quantitative flow ratio.

Table 1. Baseline characteristics of the included population

Variable n/mean Proportion/SD

Female Sex 94 33.9%

Hypertension 206 74.3%

Diabetes mellitus 106 38.2%

Dyslipidemia 188 67.9%

Smoking 121 43.7%

Chronic kidney disease 21 7.6%

Peripheral arterial disease 14 5.1%

Previous ischemic heart disease 105 37.9%

Age (years) 65.8 12.2

Weight (kg) 78.0 15.0

Height (cm) 156.2 36.8

Left ventricular ejection fraction (%) 57.4 9.3

SD, standard deviation.
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DISCUSSION

The main finding of this study is that GPV quantification emerged 
as an independent prognostic factor in patients without functionally 
significant coronary artery disease, which demonstrated that those 
with a higher GPV experienced more events at the follow-up. The 
optimal GPV cutoff for event prediction was set at 44 mm3. This 

study emphasizes the importance of anatomically characterizing 
coronary arteries without significant lesions. 

Despite the absence of significant coronary artery obstructions, 
some patients still experience events during follow-up.14 In patients 
with a negative QFR functional study, it has been reported that the 
5-year rate of events—cardiac death, target vessel myocardial 
infarction—is 11.6%,3 similar to our findings, where mortality rate 
was 11% and acute myocardial infarction occurred in 2.6% of 
patients. Determining the difference between the actual vessel 
diameter and the estimated diameter obtained through 3D recon-
struction from QFR-based angiography has been used in other 
studies.15 This estimation—previously derived from coronary 
computed tomography16-17—has demonstrated the prognostic signif-
icance of plaque volume differences between normal and non-ob-
structive coronary arteries. These differences have also been 
confirmed using invasive imaging modalities such as intravascular 
ultrasound.18 Although angiography-derived percent luminal 
stenosis shows poor concordance with myocardial ischemia,19  
a greater degree of coronary stenosis (percent diameter stenosis  
> 50%) is associated with a higher event rate at the 2-year follow-up 
in patients without functionally significant coronary lesions.20 The 
present study takes a step further into the minimally invasive 
characterization of atherosclerotic burden using easy-to-implement 
3D coronary tree reconstruction technology as an independent 
prognostic factor in patients without functionally significant coro-
nary lesions. In this regard, this study is consistent with recent 
studies which demonstrated that subclinical atherosclerosis 
burden—measured by vascular ultrasound for carotid plaque quan-
tification and computed tomography for coronary calcium scoring—
in asymptomatic individuals is independently associated with 
all-cause mortality.21

Based on these findings, GPV measurement enables the identifica-
tion of patients who, despite having no significant coronary lesions, 
are at risk of developing events within the next 5 years, allowing 
for intensified treatment and cardiovascular risk factor control. 
However, this study has limitations, including its retrospective 
design for patient inclusion and recruitment, the use of indirect 
methods—such as QFR—to estimate plaque volume, and the 
inability of this method to describe plaque characteristics, or poten-
tial lipid plaque vulnerability. Of note, the estimated plaque volume 

Table 2. Characteristics of the angiographic analysis performed in the 3 
coronary territories using quantitative flow ratio

Variable Mean SD 95%CI

QFR 0.95 0.37 0.95-0.96

Length 76.99 13.21 75.22-78.77

Proximal diameter 3.18 0.47 3.11-3.24

Distal diameter 1.99 0.34 1.95-2.04

Reference diameter 2.69 0.42 2.58-2.70

Minimum lumen diameter 1.76 0.34 1.72-1.81

Percent diameter stenosis 33.81 6.44 32.95-34.68

Stenosis area (%) 38.72 9.59 37.43-40.01

Minimum lumen area 3.53 1.30 3.35-3.70

Lumen volume 295.5 242.25 262.83-328.12

Plaque volume 170.54 240.24 138.17-202.91

SD, standard deviation; 95%CI, 95% confidence interval; QFR, quantitative flow ratio.

Table 3. Uni- and multivariate analysis of determinants of the main event

Determinants of the main event
Univariate analysis Multivariate analysis

OR 95%CI OR 95%CI

Sex, female 1.09 0.66-1.81

Age* 1.03 1.01-1.10 1.03 1.00-1.07

Hypertension* 2.26 1.26-4.07 1.70 0.82-3.53

Diabetes mellitus 1.18 0.72-1.93

Dyslipidemia 1.04 0.62-1.73

Smoking 1.01 0.72-1.42

Chronic kidney disease 1.00 0.41-2.46

Peripheral arterial disease 1.37 0.47-4.01

Previous ischemic heart disease* 1.52 0.93-2.50 1.46 0.80-2.68

LVEF 0.98 0.96-1.01

GPV (> 44 mm3)* 1.93 1.17-3.18 2.80 1.51-5.21

Reference vessel diameter* 2.20 1.12-4.35 1.62 0.75-3.50

* P values < .10 were included in the multivariate analysis.
95%CI, 95% confidence interval; GPV, global plaque volume; LVEF, left ventricular ejec-
tion fraction; OR, odds ratio.
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Figure 2. Kaplan-Meier curve showing the patients’ event-free survival based 
on their global plaque volume.
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in each coronary artery was not specifically correlated with events 
in that territory but rather with overall adverse cardiovascular 
events. Therefore, further studies are needed to confirm or refute 
this hypothesis.

CONCLUSIONS

Plaque volume, calculated by 3D coronary tree reconstruction, is 
an independent predictor of events in patients with suspected stable 
ischemic heart disease without significant coronary artery disease. 
The optimal GPV cutoff for event prediction is 44 mm3.

FUNDING

C. Cortés received funding through the Río Hortega contract 
CM22/00168 and Miguel Servet CP24/00128 from Instituto de Salud 
Carlos III (Madrid, Spain).

ETHICAL CONSIDERATIONS

The present study was conducted in full compliance with clinical 
practice guidelines set forth in the Declaration of Helsinki for 
clinical research and was approved by the ethics committees of the 
reference hospital (Hospital Clínico Universitario de Valladolid) and 
other participant centers. Possible sex- and gender-related biases 
were also considered.

DECLARATION ON THE USE OF ARTIFICIAL INTELLIGENCE

No artificial intelligence was used in the writing of this text.

AUTHORS’ CONTRIBUTIONS

C. Cortés and J. Ruiz-Ruiz participated in study design, data anal-
ysis, manuscript drafting, and critical review. C. Fernández and M. 
García participated in data collection and result analysis. F. Rivero 
and R. López-Palop assisted in data collection. S. Blasco and A. 
Freites contributed to statistical analysis. L. Scorpiglione and M. 
Rosario Ortas Nadal collaborated in data interpretation. O. Jiménez 
participated in manuscript preparation and initial review. J.A. San 
Román Calvar and I.J. Amat-Santos conducted the final review and 
approved the version for publication.

CONFLICTS OF INTEREST

None declared.

WHAT DOES THIS STUDY ADD?

–	 This article is the first study to only use the patient’s own 
angiography and minimally invasive coronary physiology 
techniques, such as quantitative flow ratio to determine 
plaque volume and its relationship with major cardiovas-
cular events at a 5-year follow-up in patients without 
significant coronary artery disease. This approach simpli-
fies the implementation of this technique and enhances 
prevention strategies for patients at higher risk of cardio-
vascular events.

WHAT IS KNOWN ABOUT THE TOPIC?

–	 Global plaque volume has already been identified as an 
independent risk factor for the occurrence of new coro-
nary events at the follow-up of patients without signifi-
cant coronary lesions. However, this risk was determined 
using coronary computed tomography and imaging 
modalities such as intravascular ultrasound.

SUPPLEMENTARY DATA

Supplementary data associated with this article can be found 
in the online version available at https://doi.org/10.24875/
RECICE.M24000496.
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Question: Clinical practice guidelines have raised the recommen-
dation level for the use of intravascular imaging during percuta-
neous revascularization procedures for complex lesions to class I. 
Can you briefly explain the basis for this change?

Answer:  The clinical benefit of intracoronary imaging-guided 
revascularization has been evaluated in various clinical studies, 
including observational registries, randomized clinical trials, and 
meta-analyses.1,2 However, the publication of 3 large randomized 
clinical trials has formed the basis for the update of clinical practice 
guidelines. Firstly, the RENOVATE-COMPLEX-PCI study3 assessed 
the clinical impact of an intracoronary imaging-guided revascular-
ization strategy (intravascular ultrasound [IVUS] or optical coher-
ence tomography [OCT]) compared with angiography in complex 
coronary lesions. One of the strengths of this study is its inclusion 
criteria, which emcompass a heterogeneous yet well-represented 
group of complex lesions beyond the left main coronary artery, 
such as true bifurcations, chronic total occlusion, long coronary 
artery disease, multivessel angioplasty, implantation of multiple 
stents (more than 3), severe calcification, in-stent restenosis, and 
ostial lesions. intracoronary imaging-guided revascularization—74% 
with IVUS and 26% with OCT—was associated with a 36% reduc-
tion in the composite endpoint of death, myocardial infarction, and 
need for revascularization. Similarly, the OCCUPI study4 demon-
strated the superiority of OCT vs angiography as a guide in complex 
procedures, with a 38% reduction in the rate of major adverse 
cardiovascular events at the 1-year follow-up. Finally, the OCTOBER 
study5 showed a reduction in the primary endpoint of death, 
myocardial infarction, and need for revascularization with OCT use 
in a selected group of complex lesions, such as true coronary 
bifurcations.

Q.: According to data from the activity registry of the Interven-
tional Cardiology Association of the Spanish Society of Cardiology 
(ACI-SEC), intravascular imaging is used in 15% of patients treated 
with percutaneous revascularization. Do you think this new 

recommendation will increase that figure? What are the barriers to 
greater implementation of these techniques?

A.:  The ACI-SEC activity registry data show a progressive and 
constant increase in the use of intracoronary imaging, such an 
increase, yet these data might not meet the expectations6 revealing 
an unequal adoption of imaging use across centers between 8% and 
36%. Robust scientific evidence supporting the recent class I recom-
mendation will undoubtedly have a positive impact on the use of 
imaging. However, several factors explain the underutilization of 
these imaging modalities. The first being time consumption: many 
cath labs handle a heavy caseload, and obtaining images usually 
increases procedural time. However, systematic use—losing the 
exceptional nature of imaging—reduces setup time and aids inter-
pretation. Another significant factor is spending: increasingly higher 
financial allocations are needed for various unit procedures, and 
imaging is sometimes erroneously omitted as a cost-saving measure 
in coronary procedures. In this regard, the recent cost-effectiveness 
analysis conducted in the RENOVATE-COMPLEX-PCI study 
suggests that intracoronary imaging is more cost-effective than 
angiography alone in complex coronary lesions reducing cumulative 
medical spending and improving long-term quality of life.7

Q.: Although, in general, the new recommendation is indicated for 
complex lesions, it particularly highlights left main coronary artery 
disease, true bifurcations, and long lesions. Could you elaborate 
which lesions, in your opinion, would benefit most from the use 
of intravascular imaging in treatment?

A.:  The greatest benefit of intracoronary imaging is observed in 
procedures associated with more adverse events during follow-up, 
such as complex lesions, particularly left main coronary artery 
disease, long coronary disease, and true bifurcations. Whether due 
to the technical complexity of the intervention or the greater 
myocardial area at risk, these scenarios yield the most significant 
benefit from imaging-guided coronary interventions. Future studies 
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would help identify which patients and lesions benefit the most 
from intracoronary imaging and determine whether differences 
exist in outcomes between OCT and IVUS. The ILLUMIEN IV 
study8 sought to evaluate the impact of OCT not only on anatomi-
cally complex procedures but also on high-risk populations, such 
as diabetic patients. Although better stent expansion—minimal stent 
area—was demonstrated in the OCT-guided group, this did not 
translate into fewer clinical events compared with angiography at 
the 2-year follow-up.

Q.:  The complexity of interventions is not only determined by 
anatomical complexity, as we know that there are clinical situations 
that impose challenges as well. In your opinion, what clinical 
scenarios or factors should encourage the use of intravascular 
imaging to optimize procedures?

A.: Traditionally, intracoronary imaging has been associated with 
guiding complex coronary interventions. However, imaging not 
only guides interventions but also the diagnosis of coronary artery 
disease, where it has been playing an increasingly prominent role. 
On the one hand, imaging is the gold standard in the etiological 
diagnosis of myocardial infarction with nonobstructive coronary 
arteries, which presents a major adverse event rate—death or rein-
farction—of approximately 5% each year.9 On the other hand, there 
is growing scientific evidence of the prognostic impact of vulnerable 
plaques in non-culprit lesions, where intracoronary imaging is 
essential for evaluation purposes. While there are no current recom-
mendations on which patients benefit from this analysis or what 
the therapeutic strategy should be, in the coming years, we’ll likely 
see a more global patient assessment for better risk stratification 
after a coronary event.

Q.: In general, when do you use intravascular imaging?

A.: The limitations of angiography—which provides only a 2-dimen-
sional luminogram, are well-known. However, as previously 
mentioned, the greatest benefit of intracoronary imaging lies in the 
most complex lesions. Theferore, it seems prudent to use imaging 
in 4 specific scenarios: interventions on the left main coronary 
artery; stent failure—thrombosis or restenosis—chronic total occlu-
sions; and calcified or ostial lesions. In all these scenarios, imaging 
characterizes the lesion, guides optimal stent implantation, and 
determines the percutaneous technique or tools needed during the 
procedure. However, equally important as the type of lesion is the 
timing of imaging use, which should be maximized early in the 
procedure rather than only to confirm a good result. Beyond its 
role in coronary intervention, imaging has a purely diagnostic 
utility, particularly in myocardial infarction with nonobstructive 
coronary arteries, where imaging—mainly OCT—establishes the 
etiological diagnosis in approximately 50% of the cases.

Q.: When you use imaging, when do you prefer IVUS and when 
OCT?

A: These techniques do not cancel each other out, but are comple-
mentary due to their technological differences. Their use should be 
adapted to each specific scenario while considering the operator 
experience and availability. OCT offers faster acquisition and has 
10 times higher resolution than the IVUS, enabling clearer visual-
ization of the intimal surface. This turns it into the imaging modality 
of choice for plaque characterization, especially when studying 
vulnerable plaques and stent failure. It is also the gold standard for 

calcium characterization, allowing the quantification of the arc and 
its thickness in most cases. IVUS, on the other hand, offers greater 
vessel depth visualization, including deeper layers in the absence 
of calcium, and does not require blood clearance for acquisition. 
This makes IVUS particularly useful for left main coronary artery 
disease, coronary dissection, chronic total occlusion interventions—
where subintimal tracking discourages contrast use—and patients 
with chronic kidney disease, in whom contrast administration must 
be minimized.

Therefore, the results of the OCTIVUS study10 provided informa-
tion on the comparative efficacy of OC-T and IVUS-guided coronary 
intervention. The 2 techniques can be used safe and effectively in 
most procedures, with comparable short- and long-term outcomes.
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Question: Clinical practice guidelines have raised the recommen-
dation level for the use of intravascular imaging during percuta-
neous revascularization procedures for complex lesions to class I. 
Can you briefly explain the basis for this change?

Answer:  The change of recommendation made in the European 
Society of Cardiology (ESC) guidelines to class I and evidence level 
A for the management of chronic coronary syndrome1 is based on 
5 main references: 3 randomized clinical trials published in 2023 
in the N Engl J Med,2-4 which included a total of 5327 patients, and 
2 meta-analyses published in the  J Am Coll Cardiol  (2023)5 
and  Lancet  (2024),6 with a total of 38,648 patients. These trials 
showed a reduction in major cardiovascular adverse events and 
target vessel failure compared with the angiography-guided proce-
dure alone. 

Although only 1 of the randomized clinical trials2 did not show 
statistically significant benefits in the clinical endpoint of target 
vessel failure, it did show improvements in stent minimal area 
assessment by imaging, which were significantly greater in patients 
treated with optical coherence tomography (OCT). The studies 
mentioned in the guidelines were conducted in populations with 
complex lesions, including bifurcations,3,4 chronic total occlu-
sions,2,4 diffuse disease (≥ 38 mm2 or ≥ 28 mm2), severe calcifica-
tion,2,4 multivessel disease,4 diffuse restenosis,2 ostial lesions,4 and 
left main coronary artery disease.3,4 The rates of diabetic patients 
varied across studies (18%,3 28%,4 and 40%2), and high rates of 
acute coronary syndrome were reported (50%4 and 59.5%2). 

The most recent meta-analysis5 with 15,964 patients allocated to 
intravascular ultrasound (IVUS) or OCT vs coronary angiogra-
phy-guided angioplasty showed a 45% reduction in cardiac death, 
a 18% reduction in target vessel myocardial infarction, a 28% 
reduction in lesion revascularization, a 61% reduction in stent 
thrombosis, a 25% reduction in all-cause mortality, and a 17% 

reduction in global infarction, with no significant differences being 
reported between IVUS and OCT.

Q.: According to data from the activity registry of the Interventional 
Cardiology Association of the Spanish Society of Cardiology (ACI-
SEC), intravascular imaging is used in 15% of patients treated with 
percutaneous revascularization. Do you think this new recommen-
dation will increase that figure? What are the barriers to greater 
implementation of these techniques?

A.: In the 2023 ACI-SEC registry,7 intracoronary imaging and pres-
sure wire-guided percutaneous coronary interventions (PCI) remain 
stable at around 15% of cases, with 7% corresponding to IVUS and 
3% to OCT; similar figures to those from 2022, with a slight 
increase in OCT use. The new European guidelines recommenda-
tion should encourage its use. However, there may be initial 
barriers to its implementation, including:

–	 Cost: cost-effectiveness analyses have shown that despite 
higher initial procedural costs, both IVUS and OCT are favor-
able in the mid- and long-term due to the reduction in adverse 
events and reinterventions.8-10

–	 Procedural time: the incorporation of intracoronary imaging 
may extend PCI procedural time. Although this time has been 
significantly reduced compared with the early days of the 
technique,11,12 it can vary depending on factors such as coro-
nary anatomy, intervention complexity, the experience of the 
heart team, and the existence of systematic analysis protocols. 
New automatic or semi-automatic analysis programs and 
co-registration can reduce analysis times and, substantially, 
aid decision-making.

–	 Team training: training in the use of devices and intracoronary 
imaging analysis should be incorporated into both basic 
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interventional cardiology training and continuing education 
programs. This will be essential to minimize the immediate 
minimal incremental risks associated with its use2 and make 
it a systematic tool. Its integration has the potential to signifi-
cantly reduce adverse events such as cardiac death and target 
vessel failure.5

Q.: Although, in general, the new recommendation is indicated for 
complex lesions, it particularly highlights left main coronary artery 
disease, true bifurcations, and long lesions. Could you elaborate 
which lesions, in your opinion, would benefit most from the use 
of intravascular imaging in treatment?

A.:  The new clinical practice guidelines on the management of 
chronic coronary syndrome support the use of intracoronary 
imaging based on the above-mentioned studies,2-6 in which, at 
least, 5327 patients exhibited complex lesions. This represents 
about a third of all 15,964 patients included in the most recent 
meta-analysis;6 however, it also included other studies with 
patients with complex lesions, such as long lesions, left main 
coronary artery disease, ST-segment elevation and non-ST-segment 
elevation myocardial infarctions, and chronic total occlusions, as 
well as patients with less complex lesions. With current evidence, 
there are scenarios—rather than individual lesions—where the use 
of intracoronary imaging should be considered essential, such as 
left main coronary artery disease, coronary artery occlusions, 
complex bifurcations, severely calcified coronary lesions, PCI-re-
lated complications, spontaneous coronary dissection requiring 
intervention, long lesions, lesions with a high thrombotic burden, 
target lesion failure, diabetic patients, and those with multivessel 
disease.

Q.:  The complexity of interventions is not only determined by 
anatomical complexity, as we know that there are clinical situations 
that impose challenges as well. In your opinion, what clinical 
scenarios or factors should encourage the use of intravascular 
imaging to optimize procedures?

A.: The use of intracoronary imaging is supported in virtually all 
clinical scenarios. Although the ESC guidelines on the management 
of chronic coronary syndrome1 have formalized its recommenda-
tion, the meta-analyses supporting this indication include both 
chronic and acute clinical contexts and address most coronary 
artery lesions, from simple to highly complex. Moreover, inte-
grating coronary physiology with intracoronary imaging could be a 
key element to optimize outcomes in percutaneous coronary treat-
ment offering a more precise approach to the intervention.13

Q.: In general, when do you use intravascular imaging?

A.:  In my routine clinical practice, I use intracoronary imaging 
primarily in complex PCI cases, such as left main coronary artery 
disease, diffuse disease, chronic total occlusions, bifurcations not 
treated with provisional stent techniques, or severely calcified 
coronary lesions, as well as in cases of treatment failure of previ-
ously treated segments and PCI-related complications. I foresee 
incorporating intracoronary imaging systematically in diabetic 
patients and in the planning of treatments with drug-eluting 
balloons to optimize results and further individualize the interven-
tion strategy.

Q.: When you use imaging, when do you prefer IVUS and when 
OCT?

A.: In my everyday practice, I rather use IVUS for the evaluation 
of left coronary artery disease, in unstable patients, in those with 
renal insufficiency, in cases of high thrombotic burden, dissection, 
and for managing PCI-related complications. Conversely, I use the 
OCT in situations of target lesion failure, both in stents and in 
segments previously treated with drug-eluting balloons, in severely 
calcified coronary lesions, and in cases of diffuse disease, particu-
larly in diabetic patients, in whom co-registration helps to more 
precisely delineate the segments that need to be treated.
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Scientific letter

To the Editor,

Currently, drug-coated balloons (DCBs) are used across many 
different scenarios.1 There is solid evidence supporting their use in 
any type of in-stent restenosis (ISR), whether related to bare metal 
or drug-eluting stents (DES). Other studied settings include small 
vessels, diffuse disease, and bifurcations. 

As there is the need for real-world data with long term follow-up, 
we sought to conduct a retrospective assessment on the long-term 
outcomes (1-year follow-up) of patients treated with DCB in our 
center. The use of DCBs was left to the physician’s discretion, 
provided good lesion preparation was achieved, with < 30% residual 
percent diameter stenosis and no flow-limiting dissections.

Patients were categorized into 4 groups based on their anatomical 
context: ISR, small vessels ([SV] reference diameter ≤  2.5  mm), 
bifurcations ([Bif], whenever the operator wired the side branch, 
even if ≤ 2.5 mm) and others (lesions outside the previous groups, 
where a good angiographic result was achieved with lesion 
preparation).

We attempted percutaneous coronary intervention (PCI) with DCB 
was attempted in 298 lesions in 290 patients (table  1). Bailout 
stenting was performed in 9 procedures. One DCB was not deliv- 
ered due to proximal tortuosity. Only 5 patients received sirolimus- 
eluting balloons, all others were paclitaxel-eluting. There were  
no cases of death or clinically meaningful myocardial infarction 
related to the procedure. Median follow-up was 3.1 years [1.42-
6.61] (a mean of 4.2 ± 3.34 years).

Target lesion failure (TLF) (defined as a composite of clinically 
driven target-lesion revascularization [TLR], lesion-related death or 
myocardial infarction [MI]) was observed in 22 (7%) patients, 15 
(12%) of whom were ISR; 4 (5%), Bif; 3 (6%), SV; and 0, others. 
Coronary angiography was performed at the follow-up in 105 
patients: in 30 after a scheduled follow-up or PCI, in 39 for stable 
angina or other stable context, in 8 for unstable angina, in 21 for 
non-ST-segment elevation myocardial infarction (NSTEMI), and in 
7 for ST-segment elevation myocardial infarction (STEMI). Binary 
restenosis (> 50% percent diameter stenosis) was found in 33 (11%) 
patients, 18 (6%) of whom underwent TLR (figure 1A) (13 for ISR 
(10%); 3 for Bif (4%); 2 for SV (4%); and 0 others without statist
ically significant inter-group differences (figure 1B). Acute myocar-
dial infarction occurred in 25 patients at the follow up. In only 4 

of these patients, the AMI was related to the DCB-treated lesion (3 
NSTEMIs, 1 inferior STEMI). A total of 84 patients (30%) died (5 
during the index admission), 3 had a stroke (1%) and 7 (2%) expe-
rienced severe bleeding. 

A total of 37 chronic total coronary occlusions (CTOs) were also 
treated with DCBs, 1 of which required bailout stenting. There 
were 2 TLFs (6%), both with TLR.

This study has unavoidable caveats related to its retrospective 
design, such as the lack of detailed information on the optimal 
medical therapy and out-of-hospital outcomes. 

However, this is a real-world study, with updated results that allow 
us to draw conclusions to some extent. First, the use of DCBs is 
technically feasible in most cases, provided that a good lesion 
preparation is achieved (only in 1 case the DCB could not be 
delivered). Second, it has a low rate of procedural events (3% 
bailout stenting, no significant procedural clinical complications). 
Third, the 6% TLR rate observed at the > 3-year follow-up demon-
strates that long-term results are very good. The classic ISR indica-
tion had non-statistically significant worse results.

In ISR, the TLR rate of 10% observed in our cohort is consistent 
with the previously described (6.3% up to to 33.3% at 36 months).2

Of note, these patients had generally very advanced disease and 
comorbidities, which probably contributed to an increased inci-
dence of adverse clinical outcomes, especially all-cause mortality.

Regarding bifurcations, DCBs have proven to be a good option, 
alone or in combination with a DES in the main branch—with a 
reported TLR of 2% up to 12% at the 6-12-month follow-up3—which 
is also consistent with our observed 4% in a longer follow-up. 

In SV, there is strong evidence pointing to a benefit of DCB when 
compared to POBA and results, at least, as good as full-DES. In 
fact, irrespectively of vessel diameter, DCBs may allow for a 
shorter DES need, with similarly good outcomes. 

In CTO patients, previously published data report a 8.3% rate of 
major adverse cardiovacular events and a 11% rate of major adverse 
cardiovascular and cerebrovascular events 1 year after DCB 
delivery. Only 2 TLRs were reported in CTO cases in our cohort, 
giving a 2/36 (5.6%) TLR ratio, which is, at least, equally good as 
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Table 1. Patient and procedural characteristics

Patient characteristics

Patients 290	 Clinical context

Male 201 (69)	 Stable angina/Silent ischemia	 115 (40)

Age, years 68 ± 11.0	 Unstable angina	 32 (11)

Diabetes 116 (40)	 NSTEMI	 46 (16)

Type II, non-insulin 102 (34)	 STEMI (culprit in PCI)	 46 (16)

Type II, insulin 13 (5)	 Staged after ACS	 51 (18)

Type I 1 (0)	 CTO	 37 (12)

Dyslipidemia 195 (67)	 Severe calcification	 24 (8)

Hypertension 254 (88)	 Significant thrombus	 9 (3)

Smoking 101 (35)

Active 53 (18)

Former 48 (17)

Previous AMI 152 (52)

Previous PCI 187 (64)

Previous CABG 31 (11)

Lesions DCB 
diameter, 
mm

DCB length, 
mm 

Predilation balloons IC imaging Bailout 
stenting

SC NC cutting

Total 298 (100) 2.8 ± 0.57 20,5 ± 5.63 100 (34) 139 (47) 155 (52) 61 (20) 9 (3)

In-stent restenosis 127 (43) 3.2 ± 0.50 23.6 ± 8.19 32 (25) 72 (57) 80 (63) 44 (35) 0 (0)

Bifurcations 83 (28) 2.6 ± 0.55 18.4 ± 5.60 27 (32) 29 (35) 50 (60) 14 (17) 4 (5)

SV 51 (17) 2.2 ± 0.22 20.0 ± 4.47 28 (55) 22 (43) 9 (18) 2 (4) 2 (4)

Other 37 (12) 2.7 ± 0.40 20.2 ± 5.54 13 (35) 16 (43) 16 (43) 1 (3) 3 (8)

ACS, acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CTO, chronic total occlusion; DCB, drug-coated balloons; IC, intracoronary; 
NC, non-compliant; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; SC, semi-compliant; STEMI, ST-segment elevation myocardial 
infarction; SV, small vessels.
Data are expressed as no. (%) or mean ± standard deviation.
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Figure 1. A: Kaplan Meyer cumulative incidence curve for target lesion revascularization (TLR) in all patients. B: Kaplan Meyer cumulative incidence curve 
for target lesion revascularization in patients based on their anatomical setting.
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the 11.8% and 27.7% reported at the above-mentioned 1- and 
6-month follow-ups.4

Provided that a good lesion preparation is achieved, and in the 
absence of structural compromise to the vessel, the lack of a metal 
stent will be of benefit for any type of lesion (such as those included 
in “others”). It will contribute to late lumen enlargement (LLE), 
which can happen in 40%-56% of lesions treated with DCB and is 
associated with layered plaques by OCT and medial dissection after 
lesion preparation.

Our results refer to paclitaxel-eluting balloons almost exclusively, 
although the early experience with sirolimus seems to be similar. 
In the PREVENT trial,5 PCI with DES in vulnerable lesions proved 
to improve prognosis. The drug eluted by the DES also has anti-in-
flammatory properties, thus significantly contributing to the stabi-
lization of de novo atherosclerotic plaques. Therefore, the question 
of whether a DCB could have even better long-term results remains, 
given its greater LLE potential. The nature of the plaque probably 
impacts the DCB outcomes significantly, as demonstrated by its 
association with LLE. In the future it would be useful to predict 
the DCB long-term success through imaging modalities before any 
DCB vs DES (vs other) decisions are made, for example, with 
intravascular imaging and computed tomography angiography.
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Scientific letter

To the Editor,

Currently, transcatheter aortic valve implantation (TAVI)  is the 
treatment of choice for most patients with severe aortic stenosis. 
Due to the anatomical proximity of the conduction system to the 
aortic valve, the development of cardiac conduction disorders is a 
common finding after the procedure, being the most severe 
complete atrioventricular block (CAVB) and the most common left 
bundle branch block (LBBB), with incidence rates from 4% up to 
60%.1 The latter has been associated with a worse prognosis in 
observational studies.2 

Based on this, European scientific societies have developed a 
protocol for the management of post-TAVI conduction disorders.3 
However, the clinical utility of the practical implementation of this 
protocol has not been evaluated to date.

We conducted a retrospective analysis with 337 patients treated 
with TAVI at our center from September 2021—when the European 
clinical practice guidelines algorithm for post-TAVI conduction 
disorders was systematically implemented—through March 2023. 
We recorded the rate of conduction disorders, their management, 
and, in cases where a pacemaker was implanted, the rate of ventric-
ular pacing 30 days after implantation. Continuous variables are 
expressed as mean and standard deviation, and the qualitative ones 
as proportions. Regarding inter-group differences, the Kaplan-Meier 
method was used to construct survival curves at the 18-month 
follow-up based on whether patients were implanted or not with a 
pacemaker. The study was approved by the A Coruña-Ferrol 
Research Ethics Committee.

Table 1  shows the patients’ baseline characteristics: most were 
women (55%), the mean age was 82 years, most patients (61.4%) 
were in New York Heart Association (NYHA) functional class III 
and had an intermediate surgical risk (Society of Thoracic Surgeons 
Score, 4.14%). LBBB and RBBB (right bundle branch block) were 
reported in 14.2% and 14.5% of patients, respectively.

A balloon-expandable valve was implanted in 84% of patients 
(283/337), and a self-expandable one in the remaining 16% (54/337). 
After TAVI, 20.5% developed PR interval prolongation, and 27.3%, 
LBBB. An electrophysiological study (EPS) was deemed necessary 
in 36 patients (10.7%). Figure 1 illiustrates that pacemakers were 
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Table 1. Baseline characteristics of the patients (n = 337)

Age, years 82.00 ± 5.9

Sex, women, n (%) 186 (55%)

Hypertension, n (%) 284 (84%)

Diabetes, n (%) 93 (28%)

Dyslipidemia, n (%) 227 (67%)

Previous myocardial infarction, n (%) 32 (9.5%)

Previous coronary artery bypass graft, n (%) 20 (6%)

Previous aortic surgery, n (%) 27 (8.1%)

Previous atrial fibrillation/flutter, n (%) 137 (40.7%)

Previous cerebrovascular disease, n (%) 31 (9.2%)

Previous pacemaker, n (%) 27 (8%)

Glomerular filtration rate (mL/min) 52.95 ± 19

NYHA III-IV, n (%) 214 (63.5%)

Angina, n (%) 76 (22.6%)

Baseline conduction disorders on the ECG, n (%)

No 191 (56.7%)

Left bundle branch block 48 (14.2%)

Right bundle branch block 49 (14.5%)

Aortic valve area, cm2 0.65 ± 0.19

Maximum aortic gradient, mmHg 81.40 ± 22.6

Mean aortic gradient, mmHg 48.58 ± 15.1

Severe aortic regurgitation, n (%) 20 (5.9%)

Left ventricular ejection fraction, % 58.80 ± 12.3

Euroscore II (%) 3.70 ± 2.6

STS score (%) 4.14 ± 2.7

NYHA, New York Heart Association; STS, Society of Thoracic Surgeons.
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implanted in 53 patients (15.7%) during hospital admission, with 
the most common indications being CAVB (35 patients, 10.4%), a 
positive EPS defined as an HV (His-ventricular) interval > 70 ms 
(10 patients, 3.3%), RBBB with additional conduction disorders (6 
patients, 1.8%), and sinus dysfunction (2 patients, 0.6%). The rate 
of ventricular pacing 1 month after implantation was significantly 
higher in patients with a pacemaker indication due to CAVB vs 
those with a positive EPS (46.8% vs 5.43%; P = .0001). However, 
this difference did not reach statistical significance for pacemaker 
indication due to RBBB with additional conduction disorders (46.8% 
vs 32.9%; P = .831).

Regarding clinical events, after a mean 18-month follow-up, there 
were no statistically significant differences between patients with 
and without pacemaker implantation in terms of mortality (9.1% 
vs 10.3%; P = .969) or the composite endpoint of death, stroke, and 
hospitalization due to heart failure or infective endocarditis (20% 
vs 19.3%; P = .401).

Considering that before the protocol was implemented at our 
center, pacemakers were only implanted in the presence of CAVB, 
the introduction of the algorithm led to a significant increase in the 
pacemaker implantation rate, reaching 15% in this series. As seen, 
pacemaker indication due to CAVB was established in 10% of 
patients, a figure similar to the pacemaker implantation rate of our 
historical series,4 while in the remaining 5% of cases, pacemaker 
indication resulted from the application of the algorithm, particu-
larly due to conduction studies.

In observational studies, the development of LBBB has been asso-
ciated with a worse prognosis, especially when the QRS complex 
duration is > 160 ms2, assuming that this disorder could precede 
the onset of CAVB. Therefore, prolonged cardiac rhythm moni-
toring or EPS to determine the HV interval have been proposed as 
management alternatives. The use of conduction studies is based 
on small observational studies that have employed different cutoff 
points for the HV interval (55-100 ms). In the largest series to date, 
EPS was performed on 186 patients who developed post-TAVI 
LBBB, with pacemaker implantation being indicated if the HV 
interval was ≥ 70 ms and a subcutaneous Holter monitor if < 70 ms. 
Although no inter-group differences in mortality were reported, a 
higher rate of CAVB detection was described in the pacemaker 
group (53.2% vs 22.8%).5 A small study (n = 56) using an HV 

interval cutoff of 55 ms reported no syncopal events or sudden 
deaths in either group, with a CAVB detection rate of 10% in the 
Holter group vs 53% in the pacemaker group.6

Limitations of our study  include, first, that it is a single-center 
registry with follow-up of a cohort and may have the inherent 
biases of such observational studies. Second, the findings come 
from our cardiology department routine clinical practice and may 
not be consistent with those from other units with different TAVI 
policies, particularly on the use of balloon- or self-expandable 
valves. Since most devices used in our cohort were balloon-expand-
able valves, results may not be applicable to other types of valves. 
Additionally, we used the HV interval—a static marker of conduc-
tion tissue function—which was only analyzed once after TAVI 
(usually 48-72 hours later).

In conclusion, currently, there are 2 possible strategies for managing 
post-TAVI conduction disorders: EPS or prolonged monitoring. Our 
center has implemented the strategy of performing EPS, which, 
while apparently safe—with no inter-group differences regarding 
clinical events—leads to a significant increase in pacemaker implan-
tation rates. However, as noted, it is not clear whether this strategy 
is better than a different one based on long-term electrocardio-
graphic monitoring. Therefore, it would be very interesting to 
compare the results of monitoring and electrophysiological studies, 
an approach already evaluated in the COME-TAVI clinical trial 
(NCT03303612) whose results expected by the end of 2026.
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Figure 1. Management of post-TAVI conduction disorders. CAVB, complete atrioventricular block; EPS, electrophysiological study; HV, His-ventricular interval; 
LBBB, left bundle branch block; RBBB, right bundle branch block.�  
* Although 11 EPS results turned out positive, 1 patient, awaiting pacemaker implantation, developed CAVB.
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A new echocardiographic view for the TricValve system

Un nuevo plano ecocardiográfico para el sistema TricValve

Carmen Garrote-Coloma,* Tomás Benito, Armando Pérez de Prado, Ignacio Iglesias,  
María López-Benito, and Felipe Fernández-Vázquez
Servicio de Cardiología, Complejo Universitario de León, León, Spain

Heterotopic tricuspid valve implantation is one of the treatment options available for advanced stages of tricuspid regurgitation when other 
therapeutic possibilities are not feasible. Currently, the TricValve system (P + F Products + Features Vertriebs GmbH, Austria) is one of 
the most widely used; this system consists of 2 valves that are implanted into the inferior and superior vena cava. Echocardiography plays 
a significant role during implantation and subsequent monitoring. The echocardiographic assessment of the valve implanted in the inferior 
vena cava is not difficult by transthoracic (figure 1) or transesophageal echocardiogram; however, the assessment of the superior vena 
cava is more complex. Therefore, to monitor the superior vena cava, we propose the use of a new view, placing the transthoracic echo-
cardiography transducer on the patient while in the supine position in the suprasternal fossa, between the sternal and clavicular belly of 
the right sternocleidomastoid muscle (figure 2A, asterisk), with an approximate 45°angulation to acquire an image of both the stent and 
the valve leaflets (figure 2B) to allow assessment of their correct functioning and absence of leaks (videos 1 and 2 of the supplementary 
data). 
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Transcatheter mitral paravalvular leak closure  
with the KONAR occluder device

Cierre percutáneo de fuga paravalvular mitral con el dispositivo 
oclusor KONAR
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b Instituto de Investigación Biomédica de Salamanca (IBSAL), Salamanca, Spain

A 70-year-old man underwent mitral and aortic valve replacement (Björk-Shiley, Pfizer, United States) in 1976, requiring a second aortic 
valve replacement (On-X, On-X Life Technologies, United States) with tricuspid annuloplasty in 2009. Subsequently, a symptomatic aortic 
paravalvular leak (PVL) was successfully treated with a 14/5-mm Amplatzer Vascular Plug III (Abbott, United States). The patient was 
later admitted for hemolytic anemia, when a new 11 x 3 mm mitral PVL was discovered. A percutaneous strategy was decided upon.

Under 3-dimensional transesophageal echocardiographic guidance and through a transseptal approach, the defect was crossed with a hy-
drophilic wire over a multipurpose catheter, requiring the use of a steerable introducer Agilis (Abbott, United States). An arteriovenous 
loop was created, and a 14-mm KONAR-MF VSD Occluder (LifeTech Scientific, China) (figure 1) was successfully deployed using a 6-Fr 
delivery sheath (figure 2 and figure 3; yellow arrow. Videos 1 and 2 of the supplementary data), without significant residual leak or 
prosthesis interference.

Transcatheter PVL closures have been increasingly performed in recent years. The presence of a monodisc prosthesis (Björk-Shiley) with 
an extremely serpiginous PVL can be particularly challenging. At this point, we consider the Konar-MF could potentially perform better 
since it is larger than the Amplatzer Vascular Plug III but also flexible.

The KONAR-MF VSD Occluder is a self-expandable, double-disc device, requiring guiding catheters or 4- to 7-Fr sheaths for delivery. It 
is a potential device for PVL closure in selected cases as, after deployment, the device conforms to the shape of the defect due to its radial 
force, losing its self-centering property. The dual screw advantage allows antegrade and retrograde deployment, and the fabric could 
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increase the rate of total closure, with its smaller disc diameter 
avoiding prosthesis interferences. To the best of our knowledge, 
this is the first time a KONAR-MF VSD Occluder has been used 
for PVL closure.
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Extended follow-up of the Essential Pro paclitaxel  
drug-eluting balloon for in-stent restenosis
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To the Editor,

The use of drug-eluting balloons (DEB) represents a novel and growing 
alternative therapeutic strategy for patients with in-stent restenosis 
(ISR).1 A recent publication in REC: Interventional Cardiology 
presented the real-world safety and efficacy data on the use of the 
Essential Pro (iVascular, Spain) DEB in patients with ISR.2 A poten-
tial limitation of such analysis is that overall outcome event rates 
may be influenced by those treated more recently with short-term 
follow-up. These patients might not have been followed long enough 
to see whether they developed adverse events, thus systematically 
underestimating the adverse event rates. Therefore, we present the 
updated follow-up of that cohort reporting the results of patients, 
at least, 1 year from DEB use, both at the 1-year and total follow-up 
after DEB use (table 1).

The original study was approved by the local institutional review 
board. Furthermore, patients gave their prior written informed 
consent for inclusion and follow-up, which had no additional proce-
dures compared with the original study. A total of 150 out of the 
original 160 patients included had been using the DEB for at least 
1 year. The 12-month follow-up was completed in 94.7%. Among 
these patients, the rates of death, myocardial infarction, and target 
lesion revascularization (TLR) were 1.3%, 2.0%, and 3.3%, respec-
tively. There were no cases of lesion thrombosis. The rate of major 
adverse cardiovascular events (MACE) was defined as a composite 
of all-cause mortality, myocardial infarction, target lesion revascu-
larization, or lesion thrombosis. The 1-year incidence of MACE in 
patients with complete follow-up was 6%.

The updated overall follow-up in those 150 participants had a 
median of 612.7 days (interquartile range 25–75, 428–726 days; 
maximum, 1213 days). The Kaplan-Meier estimates were 1.3% for 
death, 2.0% for myocardial infarction, 12.9% for TLR, and 17.7% 
for MACE. There were no cases of lesion thrombosis. 

The presented extended follow-up shows single digit MACE and 
TLR at 1 year, and TLR and MACE rates of 12.9% and 17.7% 
respectively at a median of 20 months, which compares favorably 
relative to a recent investigational device exception randomized 
trial with a TLR rate of 13% at 1 year, and similarly to other studies 
with 11.3% at a mean follow-up of 18 months.3,4 Although differ-
ences among the population and limitations in the current study 

procedures may explain, at least, partly the observed differences, 
the results presented in this article are reassuring on the safety and 
efficacy profile of the Essential Pro DEB in patients with ISR. 
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Table 1. Updated 1-year and overall follow-up

n = 150 Death MI TLR LT MACE

1-year, % (n) 1.3 (2) 2.0 (3) 3.3 (5) 0 (0) 6.0 (9)

All follow-up, % (n) 1.3 (2) 2.0 (3) 12.9 (10) 0 (0) 17.7 (14)

The 1-year rate are crude estimates, all follow-up analysis are presented as per Kaplan-
Meier analysis.
LT, lesion thrombosis; MACE, major adverse cardiovascular events; MI, myocardial 
infarction; TLR, target lesion revascularization.
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Corrección en el artículo de Abdelrazek Ali et al. «Tratamiento de 
colaterales tras cirugía de Glenn y su impacto en pacientes con ventrículo 
único: un estudio unicéntrico», REC Interv Cardiol. 2024;6:296-304
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In the article by Abdelrazek Ali et al. “Management of collaterals after Glenn procedure and its impact on patients with a single ventricle: 
a single-center study” (REC Interv Cardiol. 2024;6:296-304), Table 3 has been modified for clarification. Denominators have been added 
to explain the percentages. The amended version of Table 3 is:

Table 3. Angiographic assessment of collaterals

Catheterization N = 56

Aortopulmonary collaterals

Presence Yes 37/56 (66.1%)

Number One 9/37 (24.3%)

Multiple 28/37 (75.7%)

Size Small 28/37 (75.7%)

Moderate/large 9/37 (24.3%)

Origin Descending aorta 23/37 (62.2%)

Aorta 11/37 (29.7%)

Left subclavian artery 0/37 (0.0%)

RIMA and aortic arch 1/37 (2.7%)

LIMA 1/37 (2.7%)

Aorta and left subclavian artery 1/37 (2.7%)

Drainage Left 19/37 (51.4%)

Right 7/37 (18.9%)

Both 11/37 (29.7%)

(Continues)
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The Ethical considerations section has been expanded to explicitly state that the required consent to publish images had been obtained. 
The section now reads:

This study was approved by the research ethics committee of the faculty of medicine of Ain Shams University (FMASU 
MS 507/2022). Verbal and written informed consent (for study participation, tests, and publication—including photo-
graphs—) was obtained from participants aged 18 years and older or from the participant’s guardian in patients aged less 
than 18 years after the aim of the study was explained to them. Patient images have been adapted as much as possible 
to preserve privacy while retaining sufficient information to illustrate research. Our research was carried out in accor-
dance with internationally accepted recommendations for clinical investigation (Declaration of Helsinki of the World 
Medical Association). Possible sex/gender biases have been considered in the preparation of this article.

Venovenous collaterals

Presence Yes 41/56 (73.2%)

Number One 7/41 (17%)

Few (2-3) 3/41 (7.3%)

Multiple 31/41 (75.6%)

Size* Small 11/41 (26.8%)

Moderate/large 31/41 (75.6%)

Origin** Left innominate vein 35/41 (85.4%)

Right innominate vein 1/41 (2.4%)

Subclavian vein 1/41 (2.4%)

Azygous and hemi-azygous 1/41 (2.4%)

SVC 1/41 (2.4%)

Undefined 2/41 (4.8%)

Drainage*** Pericardium 3/41 (7.3%)

Epicardial 14/41 (34%)

IVC 9/41 (22%)

Coronary sinus 7/41 (17%)

Abdominal vein 2/41 (4.8%)

Azygous 3/41 (7.3%)

Left pulmonary 5/41 (12.2%)

IVC, inferior vena cava; LIMA, left internal mammary artery; RIMA, right internal 
mammary artery; SVC, superior vena cava. 
* One patient had both small and large venovenous collaterals.
** Two patients had undefined origin of venovenus collaterals.
*** Two patients had different draining sites of venovenous collaterals.

Table 3. Angiographic assessment of collaterals (continued)




