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I EDITORIAL

The Only Truth is Post-Truth: Reluctance to Use Statins

La unica verdad es la post-verdad: reticencia al uso de estatinas

MARIANO A. GIORG]' MTsAC.

In this issue, the Argentine Journal of Cardiology
highlights an important health concern explored by
Lucia Helguera et al.: (1) patients’ reluctance to take
statins.

The authors, from the Argentine Society of Car-
diology, conducted the study through a digital and
anonymous survey of healthcare professionals (pre-
dominantly cardiology specialists) in our country.
The survey results indicate that 40.9% of respondents
reported receiving an express refusal from their pa-
tients to take statins. Among the main reasons given
by patients for their refusal, two stand out: “adverse
events” indicated by 53.4% of respondents and “the
influence of negative information from digital media”
by 50.5%.

The issue of “adverse events” is noteworthy, not
only because of its frequency, but also because of the
sociological complexity of this phenomenon. An ad-
verse event includes not only tangible signs and/or
symptoms, but also patients’ perceptions and beliefs,
as evidenced by the ASCOT-LLA substudy, which
identified the nocebo effect as a determinant of the
reporting of adverse muscle events only when patients
(and their physicians) were aware that a statin was
being used and not during the double-blind period of
the study. (2) Healthcare professionals have an impor-
tant role to play here, as we cannot declare a patient
intolerant to statins without a rational evaluation
process, as the SAC proposed in its position statement
on the Appropriate Use of Statins. (3) This assign-
ment of attributability can, for example, be facilitated
by the system proposed by Rosenson et al. (4), which
requires an alliance with the patient due to the time
and patience it demands. However, this approach ena-
bles the identification of “false intolerants,” who may
have the opportunity to continue treatment. Not all
pains are caused by statins.

The second reason given for refusing to take statins
is perhaps the most alarming, as it confronts us with

the immense complexity of the simultaneous interac-
tion between the scientific system, patients, the mass
media, industry, and the healthcare system. When
faced with an issue relevant to their areas of interest,
all of them will probably express an opinion, but they
can only do so based on their worldview. They only
see what they can see, but they do not see what they
cannot. Post-truth and “tailored lies” (5) lurk just one
click away as useful resources for simulating solutions
to issues of ignorance. As German sociologist Niklas
Luhmann points out — and special thanks to sociolo-
gist Luis Costa for contributing to this section — the
absence of an explanatory center of the world is the
underlying condition for this to be feasible. This is a
consequence of the proliferation of viewpoints result-
ing from these systems.

The media should prioritize reporting news, indus-
try should focus on achieving higher sales, and those
who spread false information should concentrate on
gaining more followers on social media. As doctors, we
communicate within these same tensions and view-
points. Thus, each system communicates and the oth-
er understands in its own code, only what is relevant
to it. Given the current state of modern society, no one
should expect anything other than the meaning of the
term “adverse event” to differ among those involved.
In an era when everyone wants to share their “point
of view,” the “adverse event” becomes just another
topic of conversation.

That is why, from the perspective of healthcare
professionals, it is important to know (and be able
to communicate effectively) the best estimate of the
prevalence of statin intolerance, 9.1% according to
the meta-analysis by Bytyci et al., (7) and to counter-
balance what is reported in the media. In particular,
it is important to bear in mind that the influence of
“statin-negative” publications has been associated
with discontinuation of therapy and a 26% increase in
the risk of cardiovascular death and an 18% increase
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in the risk of myocardial infarction, as demonstrated
in a cohort study of nearly 675 000 people conducted
in Denmark in 2015. (8) These results warn us about
the dangers of the diverse interpretations of medical
news, even among healthcare professionals. (9)

This study becomes even more relevant when
viewed in the context of providing local evidence on
a social phenomenon that, as noted, transcends the
scientific system. As with the results of clinical trials,
which vary greatly depending on the country or region
where they are conducted, the same is true for statin
reluctance. A study by Xie et al., (10), conducted at
Mass General Brigham in the United States, reveals
that the primary reasons for refusal are a prefer-
ence for lifestyle changes (51.9%) and fear of adverse
events (10.9%).

We live with multiple “truths,” and the informa-
tion provided by the authors gives us more elements
to contribute to our evidence-based perspective.
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I EDITORIAL

The Epicardium as a Mirror of Metabolism: from Visceral Fat to Heart
Failure with Preserved Ejection Fraction

El epicardio como espejo del metabolismo: de la grasa visceral a la insuficiencia cardiaca con

fraccion de eyeccion preservada

PAULA PEREZ TERNS' MTsAC

For a long time, adipose tissue was considered a pas-
sive energy store. Today we know that it is a highly
dynamic endocrine and paracrine organ, capable of
communicating with multiple tissues through a com-
plex molecular language. In the heart, this conversa-
tion occurs in close proximity: epicardial adipose tis-
sue (EAT), which rests directly on the myocardium
without an intermediate anatomical barrier shares its
blood supply, oxygenation, and metabolic fate. (1,2)

The study published in this issue of the Argentine
Journal of Cardiology, “Epicardial Fat and Its Rela-
tionship with Cardiac Morphological Alterations and
Markers of Diastolic Dysfunction,” provides valuable
local evidence. (3) In a cohort of patients with type
2 diabetes without overt cardiovascular disease, the
authors demonstrate that increased EAT thickness—
as measured by echocardiography—is associated with
a higher prevalence of diastolic dysfunction criteria.
This finding transforms the epicardium: it ceases to
be an anatomical curiosity to become an accessible
biomarker of early cardiometabolic risk. (1,4)

In essence, EAT is visceral fat, sharing its em-
bryological origin and its inflammatory and hormonal
circuits. Under overeating, insulin resistance, and
mitochondrial dysfunction conditions, EAT expands,
infiltrates, and loses its anti-inflammatory profile,
releasing proatherogenic cytokines, leptin, angio-
tensinogen, and microRNAs. (5,6) Thus, the heart is
literally surrounded—and affected—by its own meta-
bolic environment. (7)

In line with this evidence, Milton Packer has in re-
cent years proposed a transformative pathophysiologi-
cal model . In his most recent work, “The Adipokine
Hypothesis of Heart Failure with a Preserved Ejection

Fraction: A Novel Framework to Explain Pathogen-
esis and Guide Treatment”, (8) he postulates that
the expansion of visceral adipose tissue is not only a
marker but also the upstream trigger that drives a
cascade of endothelial dysfunction, systemic inflam-
mation, and myocardial stiffness. (8-11) According to
this hypothesis, alterations in the secretion of proin-
flammatory and antifibrotic adipokines modify nitric
oxide signaling and the myocyte s ability to sustain
oxidative phosphorylation. Consequently, heart fail-
ure with preserved ejection fraction (HFpEF) emerg-
es as a systemic disease whose epicenter is not in the
heart, but in adipose tissue. (8,11)

In this context, the epicardium acts as a local mes-
senger of this global disorder. Its expansion exerts a
mechanical compressive effect on the ventricle, and
also releases mediators that interfere with myocardial
bioenergetics, reduce mitochondrial biogenesis, and
stimulate the activation of cardiac fibroblasts. (2,6)
Clinical observation and molecular physiology are in-
tertwined: the hypertrophied epicardium becomes a
visible mirror of altered metabolism, anticipating the
transition from silent metabolic phenotype to overt
heart failure. (5,7,8)

This metabolic process also interacts with clas-
sical hemodynamic mechanisms. Hypertension and
activation of the renin-angiotensin-aldosterone axis
perpetuate wall stress, inflammation, and myocardial
fibrosis. (7,9) In HFpEF, aldosterone not only retains
sodium but also induces mitochondrial dysfunction
and epicardial remodeling, integrating the hormo-
nal component into the inflammatory and metabolic
framework that defines this entity. (7,11)

One of the great merits of the Argentine study
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lies in restoring the value of echocardiography as a
practical tool for quantifying EAT. Although magnetic
resonance imaging or computed tomography allow for
more accurate volumetric characterization, epicardial
thickness measured in the right parasternal long axis
correlates strongly with total EAT burden and myo-
cardial stiffness. (1,4) In this study, a threshold of 5
mm was associated with a sharp increase in the prev-
alence of diastolic dysfunction and multiple adverse
echocardiographic criteria. (1,3) It could be said that
the heart receives inflammation before symptoms.

Perhaps the most encouraging message from this
line of research is its potential for reversibility. Epi-
cardial fat is a dynamic tissue that responds to meta-
bolic changes. Trials with GLP-1 (glucagon-like pep-
tide-1) receptor agonists and SGLT2 (sodium-glucose
cotransporter 2) inhibitors have shown significant
reductions in epicardial volume within a few months,
accompanied by improvements in diastolic function
and functional capacity. (6,7) Therefore, EAT could
become a dynamic therapeutic biomarker, sensitive to
the impact of pharmacological and lifestyle interven-
tions. (5,7,8)

The study here discussed marks a milestone in
local research. Beyond its limitations—small sample
size and cross-sectional design—it demonstrates that
it is possible to generate robust evidence on cardio-
metabolic pathophysiology from our own centers. Ac-
cording to Packer’s hypothesis HFpEF is not a dis-
ease of the heart, but of the metabolism that the heart
suffers from.

In this new cardiology of the tissue, the epicardium
emerges as a witness of and participant in metabolic
imbalance. Measuring, understanding, and modifying
it could be one of the keys to preventing HFpEF in the
21st century. (7-9,11)
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ABSTRACT

Background: Cardiovascular surgery (CVS) is an essential tool in the treatment of heart disease, and its practice has undergone
changes in recent years. In our setting, we have registries on CVS, but they date back more than 10 years. For this reason, a new
study was required to understand the reality of CVS in Argentina.

Objective: The aim of this study was to evaluate the preoperative and operative characteristics and in-hospital course of patients
undergoing CVS.

Methods: We conducted a prospective, multicenter cross-sectional study over a 13-month period (from July 2021 to August 2022),
including consecutive patients > 18 years who underwent central CVS.

Results: A total 1515 patients were analyzed; 79% underwent elective surgery, 19% underwent urgent surgery, and 2% underwent
emergency surgery. The types of surgery performed were coronary artery bypass grafting (CABG) in 46% of cases, heart valve sur-
gery in 32%, combined surgeries in 19%, and ascending aorta surgeries in 3%. Mean age of patients was 64 = 11 years, and 75% were
male. Most (75%) surgeries used cardiopulmonary bypass (CPB); median (interquartile range, IQR) CPB time was 100 minutes (75-
123) and median aortic cross- clamp time was 71 minutes (50-94). Compared with previous registries, there was a higher proportion
of left main coronary artery disease, heart valve surgeries and combined procedures, in addition to the inclusion of aorta surgeries.
The most common complications were atrial fibrillation (24%), low cardiac output syndrome (16%), renal failure (13%), and postop-
erative bleeding (10%). Overall mortality was 9.1%.

Conclusion: The ARGEN-CCV registry included more complex cases than previous registries. Overall in-hospital mortality was high,
probably due to the level of complexity and the atypical context of the COVID-19 pandemic.

Key words: Cardiovascular surgery - Registry - Surgical outcomes
RESUMEN

Introduccion: La cirugia cardiovascular (CCV) es una herramienta fundamental en el tratamiento de las enfermedades cardiacas y
su préactica ha experimentado cambios en los Gltimos anos. En nuestro medio tenemos registros sobre CCV pero de hace mas de 10
anos. Por ese motivo surgi6 la necesidad de realizar un nuevo estudio para conocer la realidad de la CCV en Argentina.

Objetivo: El objetivo de este trabajo fue evaluar las caracteristicas prequirirgicas, quirirgicas y la evolucién intrahospitalaria de
pacientes que fueron sometidos a una CCV .

Material y métodos: Se realiz6 un estudio multicéntrico de corte transversal de 13 meses de duracién (julio 2021 a agosto 2022)
prospectivo, en que pacientes mayores de 18 afios que se realizaron una CCV central fueron incluidos de manera consecutiva. Que-
daron excluidas del registro las cirugias para reparaciéon de cardiopatias congénitas y procedimientos periféricos, como asi los casos
de cirugias cardiovasculares debidas a trauma.

Resultados: Se analizaron 1515 pacientes de los cuales el 79 % recibieron cirugia programada, 19 % fueron de urgenciay 2 % de
emergencia. Los tipos de cirugias practicadas fueron cirugia de revascularizacién miocardica (CRM) 46 %, cirugia valvular 32 %, ci-
rugias combinadas 19 % y un 3 % de cirugias de aorta ascendente. La edad media de los pacientes fue de 64 + 11 afios y el 75 % de los
pacientes fue de género masculino. La mayoria (75 %) de las cirugias utilizaron circulacién extracorpérea (CEC), la mediana (rango
intercuartilo, RIC) del tiempo de CEC fue de 100 minutos (75-123) y la mediana del tiempo de clampeo aértico fue de 71 minutos
(50-94). En comparacién con registros previos hubo mayor proporcién de lesién de tronco de coronaria izquierda, cirugias valvulares
y combinadas, y fueron incluidas cirugias de aorta. Las complicaciones mas frecuentes fueron la necesidad de vasoactivos (72 %), la
fibrilacién auricular (24 %), el sindrome de bajo gasto cardiaco (16 %), la insuficiencia renal (13 %) y la hemorragia posoperatoria
(10 %). La mortalidad global fue del 9,1 %.

Conclusién: En el registro ARGEN CCV se observaron casos més complejos que en los registros previos .La mortalidad general intra-
hospitalaria fue elevada, probablemente por el nivel de complejidad y el contexto atipico de la pandemia de COVID-19.

Palabras clave: Cirugia cardiovascular - Registro - Resultados quirurgicos
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INTRODUCTION

Cardiac surgery is an area of medicine that has under-
gone remarkable development over recent decades,
and Argentina is no exception. Cardiovascular surgery
(CVS) and its postoperative care hold an outstanding
position in clinical cardiology. This is because advanc-
es in surgical techniques, whether exclusively surgi-
cal, hybrid techniques (using percutaneous and sur-
gical approaches), or minimally invasive procedures,
require detailed knowledge of the processes involved
in proper postoperative recovery. (1,2)

Over the last decade, percutaneous techniques
have experienced significant progress, particularly
in the field of aortic stenosis, opening the door to
treating other conditions in a similar manner, which
indicates a promising future. (3-5) Despite this, CVS
is the procedure of choice in many clinical situations
and the only possible approach in different clinical
scenarios. Based on this, the characteristics of pa-
tients eligible for surgical techniques, the maneu-
vers, and the materials used vary over the years, and
clinical registries are conducive to publicizing and
analyzing these aspects. Furthermore, they help us
understand the outcomes of interventions in real-life
settings, as clinical trials often lack representative-
ness of the population, and their applicability to dif-
ferent populations is therefore unknown. Another
important point is that results may vary within the
same city, within a country, and, of course, in relation
to other countries. Another important aspect is that
the results may vary within the same city, within a
country, and, obviously, in relation to other coun-
tries. Therefore, it is essential to have local records
to understand the reality of cardiovascular surgery
in areas of particular interest, such as in-hospital
outcomes and mortality, among others, which per-
mit comparison with data published in previous and
international registries. Finally, they enable the de-
velopment of risk prediction scores such as the Euro-
SCORE and the Society of Thoracic Surgeons (STS)
score. (6,7) Argentina followed suit with the develop-
ment of the ArgenSCORE, which was made possible
by the history of national CVS records. (8,9)

It is well known that percutaneous coronary in-
terventions have gained ground as a revasculariza-
tion technique. For this reason, patients who are not
candidates for these procedures, either due to their
anatomical characteristics or difficulty of approach,
currently undergo surgery in a more complex context.
This advancement raises questions about the contem-
porary characteristics of patients undergoing CVS
surgery and their outcomes. (10)

It is important to highlight that the registry period
encompassed part of the SARS-CoV-2 pandemic, in-
cluding the conclusion of the lockdown phase.

In this context, the Argentine Society of Cardiol-
ogy, in conjunction with the Argentine College of Car-
diovascular Surgeons, conducted a new study on car-
diovascular surgery with the aim of determining the

characteristics of patients undergoing central cardio-
vascular surgery and their in-hospital outcome based
on the National Registry of Cardiovascular Surgery in
Argentina (ARGEN-CCV).

Objectives

The aim of this study was to evaluate the preoperative
and operative characteristics and in-hospital course of
patients who underwent central cardiovascular sur-

gery.

METHODS

The Argentine National Registry of Cardiovascular Surgery
(ARGEN-CCV) was a cross-sectional, multicenter study
conducted over 13 months, from July 2021 to August 2022.
Patients were recruited from 48 public and private centers.
Institutions with central cardiovascular surgery capabilities
were invited to voluntarily participate. Data were collected
on the REDCap platform, and the audit was performed us-
ing pre-established parameters on the platform to evaluate
consistency and avoid missing data. No financial compensa-
tion was provided to the participating centers or research-
ers. The inclusion criteria were patients > 18 years admitted
to the institution on an elective, urgent, or emergency basis
for central cardiovascular surgery. These included coronary
artery bypass grafting (CABG) surgery, heart valve surgery,
combined surgery, and ascending aorta surgery. Surgeries
for congenital heart defects, peripheral vascular surgery, and
surgery due to trauma were excluded from the registry. Pre-
operative, operative, and postoperative data were obtained
during the hospitalization period. The study was registered
at ClinicalTrials.gov NCT0519916.

Statistical analysis

Continuous variables with normal distribution were pre-
sented as mean = standard deviation, and those with non-
Gaussian distribution as median and interquartile range
(IQR 25-75). Qualitative variables were expressed as per-
centages. Comparisons between groups were performed us-
ing Student’s t-test or Wilcoxon test according to the distri-
bution for continuous data, and 2x2 tables were used, as well
as the chi-square test with Yates’s correction for continuity
for categorical variables. A p-value < 0.05 was considered
statistically significant. The analysis was performed in R.

Ethical considerations
The ARGEN-CCV registry protocol was approved by the eth-
ics committee of the Argentine Society of Cardiology.

RESULTS

A total of 1515 patients were enrolled in the registry,
of whom 1202 underwent elective surgery (79%), 282
(19%) underwent urgent surgery, and 27 (2%) under-
went emergency surgery. The types of surgeries per-
formed were CABG in 700 cases (46%), heart valve
surgery in 480 (32%), aorta surgery in 48 (3%), and
combined procedures in 287 (19%). The mean age of
the patients was 64 + 11 years, and 75% were male.
The risk factors included 77% of patients with hyper-
tension, 29% with diabetes mellitus, 54% with dyslipi-
demia, and 16% who were active smokers. The body
mass index was 28 kg/m2 (IQR 23-33). In terms of
clinical history, 13% had a previous heart attack, 15%
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had heart failure, and 16% had moderate to severe
ventricular dysfunction. Regarding prior CVS, 5% of
patients had a history of CABG surgery, and 6% re-
ported heart valve surgery. Regarding the assessment
of surgical risk, the EuroScore predicted a median
mortality of 1.5% (IQR 0.9-2.9), while the ArgenScore
predicted a median mortality of 2.33% (IQR 1.1-4.7)
(Table 1).

Cardiopulmonary bypass (CPB) was used in 75%
of cases (Table 2). Median CPB time was 100 minutes
(IQR 75-123) and median aortic cross-clamp time was
71 minutes (IQR 50-94).

The median duration of mechanical ventilation
was 4 days, which had an inevitable impact on the me-
dian length of hospital stay (8 days; IQR 6-13). There
were no significant differences in the outcomes of pa-
tients extubated within the first 6 hours compared
to those who remained on mechanical ventilation be-
yond that time.

The most common postoperative complications
found were atrial fibrillation (24%), low cardiac out-
put syndrome (16%), renal failure (13%) (of which
about one-third required dialysis), and postoperative
bleeding (10%), most commonly due to clinical condi-
tions. (See supplementary material)

Overall mortality was 9.1% (Table 3). Mortality
by type of surgery was 6.8% after CABG, 7.9% after
heart valve surgery, 30.4% after ascending aorta inter-
ventions, and 13% after combined procedures. Finally,

when mortality was explored according to the urgency
of the intervention, mortality rates for elective, ur-
gent and emergency procedures were 7.9%, 11.3%,
and 38.5%, respectively (p<0.001) (Table 4).

DISCUSSION

The ARGEN-CCYV registry presents the results of car-
diovascular surgery in Argentina after more than a
decade since the last available data on the subject.

Our previous local registries were CONAREC III,
which collected data of 1293 patients from 41 health-
care centers in Argentina in 1993, ESMUCICA, which
recruited 2125 patients from four institutions in Bue-
nos Aires between 1996 and 1997, and CONAREC
XVI, which was carried out in 49 centers and recorded
2553 cases between 2007 and 2008. (11-13)

The distinctive feature of this project was that it
took place during the unexpected SARS-CoV-2 pan-
demic. IIt should be noted that conducting the study
during this period was not the objective; it was merely
a coincidence. Therefore, the information was not col-
lected for the purpose of analyzing the results of CVS
in this particular context.

Nevertheless, 85 centers from 17 provinces were
registered, though only about half actively participat-
ed by including at least one case (see supplementary
material). In this study, nearly 80% of cases were elec-
tive surgeries. The remaining cases were urgent or
emergency surgeries due to critical cardiac conditions.

Table 1. General preoperative characteristics

Age, mean (SD)

Male gender, %

Hypertension, %

Diabetes mellitus, %

Dyslipidemia, %

Current smoking, %

Chronic stable angina, %

History of myocardial infarction, %

History of heart failure, %

History of percutaneous coronary intervention, %

History of CABG surgery

History of heart valve surgery, %

History of stroke, %

History of moderate-severe COPD, %
History of peripheral vascular disease, %

History of left ventricular dysfunction, %

Mortality calculated by EuroSCORE, median (IQR)
Mortality calculated by ArgenSCORE, median (IQR)

64 (+11,4)
74,6
77,2
29,3
54,4
16,1
11,7
12,7
15,1
12,2
4,6
5,6
438

8
9,5
16,3
1,5(0,9-2,9)
2,33(1,1-4,7)

CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; IQR:

interquartile range; SD: standard deviation
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Compared to previous records, the prevalence of
diabetes mellitus has steadily increased, which is con-
sistent with other sources, such as the national house-
hold survey. (14-16) In addition, we have observed a
high percentage of patients undergoing CABG with
left main coronary artery disease (38.1%), as previ-
ously published. (17) This observation contrasts with
rates of 28.4% in the CONAREC XVI registry, 19% in
the ESMUCICA registry, and 17.1% in the CONAREC
III registry.

When the operative characteristics were analyzed,
the procedures requiring CPB exhibited shorter times
compared to those reported by previous registries.
In the ARGEN-CCV registry, the CPB time was 90
minutes (IQR 70-110 minutes) during CABG surgery,
compared to 98 minutes in the ESMUCICA registry

and 96 minutes in the CONAREC III registry. A simi-
lar finding was observed with heart valve surgeries.
(11-13)

A high rate of vasoactive drug use was observed
during postoperative care, and one-third of patients
entered the recovery room extubated. This latter data
is available for the first time in national registries.

Atrial fibrillation was the most common postopera-
tive complication. The incidence of low cardiac output
syndrome was slightly lower than that reported in the
CONAREC XVI registry, and renal failure remained
at a similar incidence as in previous reports, with ap-
proximately 30% requiring dialysis. Postoperative
bleeding requiring transfusions occurred in around
10% of patients, which appears to remain at historical
levels.

Table 2. Operative data

Need for surgery, %
-Elective

-Urgent
-Emergency

Type of surgery, %
-CABG surgery

-Valve surgery

-Aortic surgery
-Combined surgery
Use of CPB, %

CPB time, median (IQR)

Aortic cross-clamp time, median (IQR)

79,5
18,7
1.8

46,2
31,7
3,2
18,9

74,9
100 (75-123)
71 (50-94)

CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass; IQR: interquartile

range

Table 3. Postoperative complications

Intubation duration in days, median (IQR)
Atrial fibrillation, %

Postoperative myocardial infarction, %
Low output syndrome, %

Renal failure , %

Bleeding, %
-Medical bleeding
-Surgical bleeding

Mediastinitis, %

Sepsis, %

Stroke, %

Length of hospital stay, median (IQR)
Mortality, %

IQR: interquartile range

4 (2-10)
24,0
3,3
15,7
13,4

10,6
62,7
37.3

0,9
6,0
3,3

8 (6-13)
9,1
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Table 4. Mortality according to type and necessity of surgery

Elective
Type of surgery, %
-CABG 40,8
-Heart valve 36,4
-Aorta 2,5
-Combined 20,5
Mortality, % 7.9

CABG: coronary artery bypass graft

Urgent Emergency p-value
70,6 33,3

14,2 7.4

2,5 40,7

13,5 18,5

1.3 38.5 <0.001

Table 5. Comparison of Argentine cardiovascular surgery registries

Argen-CCV

n=1515

(2021-22)
Age, mean (SD) 64 (x11)
Male, % 1130 (74,6)
Hypertension, n (%) 1168 (77,2)
Smoking habits, n (%) 235(15,5)
Dyslipidemia, n (%) 821 (54,4)
Diabetes, n (%) 442 (29,3)
History of CHF, n (%) 229 (15,1)
COPD, n (%) 124 (8)
CABG surgery, n (%) 700 (46,2)
Heart valve surgery, n (%) 480 (31,7)
Combined surgery, n (%) 287 (18,9)
(l;/)l/cs);juer:i;eo/i?\;eajlgsft ventricular 246 (16,3)
Overall mortality, n (%) 134 (9,1)

CONAREC XVI ESMUCICA CONAREC Il
n = 2553 n=2125 n=1293
(2007-08) (1996-97) (1992-93)
63 (x11) -

1912 (74,9) 1558 (73) 1045 (80,8)

1948 ( 76,3) 754 (58,3)
987 (38,3) 720 (55,7)

1443 (56,5) 744 (57,5)
635 (24,9) 354 (16,6) 272 (21)
453 (17) 64 (5)
240 (9,4)

1465 (57,4) 1493 (70) 1293 (100)
528 (20,7) 395 (18,6)

312 (12,2) 176 (8,3)
607 (23,8) 275 (13) 541 (42)
196 (7,7) 110 (5,1) 152 (11,7)

CABG: coronary artery bypass grafting; CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease

The mortality rate by type of surgery was 6.8% for
CABG (previously published), while aorta surgeries
had the highest mortality rate at 30.4%. This is the
first national registry to report on these types of pro-
cedures, which are characterized by their technical
complexity. Most of these surgeries were performed in
an emergency context, which could explain the high
mortality rate. Heart valve procedures had a mortal-
ity rate of 7.9%, while combined surgeries had a rate
of 13%. Compared with previous studies, our registry
included a higher proportion of heart valve and com-
bined surgeries (Table 5). In this context, the overall
mortality rate was 9.1%. This figure is higher than
that of the last registry, the CONAREC XVI, conduct-
ed more than ten years ago. Several factors should be
discussed in detail. As previously noted, patients in
the ARGEN-CCYV registry had a higher prevalence of
left main coronary artery disease, diabetes, heart valve
surgeries, and combined procedures. Additionally, the
registry was conducted in the unique context of the

COVID-19 pandemic. Specifically, part of the study
population entered the registry during the period in
which mandatory preventive social distancing was in
effect, as decreed by the national executive branch.
This had direct consequences for social behavior and
affected the dynamics of the healthcare system, as
documented in international and local reports (18-23).
For this reason, it is difficult to assert that the charac-
teristics of patients currently undergoing cardiac sur-
gery are more complex than those in previous studies,
because only the most complex cases could be operated
on during the pandemic. A different sampling strategy
might have mitigated this potential selection bias. In
this registry, the cases that proceeded to surgery were
more complex and were treated and recovered under
atypical healthcare conditions. We cannot rule out that
these factors contributed to the observed mortality.
Two of the most commonly used perioperative
scores, the EuroSCORE and the ArgenSCORE, were
measured in the study population. While this study
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was not designed to validate these scores, the pre-
dicted mortality was clearly lower than the observed
mortality. However, it has been noted in the literature
that the EuroSCORE may underestimate mortality in
populations other than the one for which it was devel-
oped. (24, 25).

One weakness of this registry was the lack of sam-
pling planning in line with the circumstances of the
pandemic. As previously stated, the objective was not
to analyze cardiac surgery performance during the
pandemic. Despite the stress on the healthcare system,
the participating centers made an extra effort to con-
tribute. However, even with voluntary participation,
data collection could have been structured differently
when considering these variables. As in previously
published registries, variability among participating
centers must also be acknowledged. Consequently, it
is evident that the results do not reflect the reality
of all institutions. It is reasonable to assume that a
greater number of participating centers would be nec-
essary to validate the findings of this registry.

CONCLUSIONS

The ARGEN-CCYV registry included more complex pa-
tients than in previous studies, with severe left main
coronary artery involvement, a higher proportion of
heart valve surgeries and combined procedures, and
ascending aorta surgeries (not included in previ-
ous registries). The overall in-hospital mortality was
high, probably due to the level of complexity already
described and the atypical context of the COVID-19
pandemic The ARGEN-CCV registry included more
complex patients than in previous studies, with more
frequent left main coronary artery involvement, a
higher proportion of heart valve surgeries and com-
bined procedures, and ascending aorta surgeries (not
included in previous registries). The overall in-hospi-
tal mortality was high, probably due to the level of
complexity already described and the atypical context
of the COVID-19 pandemic.
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SUPPLEMENTARY MATERIAL. Complications

Postoperative bleeding

Right ventricular dysfunction

Low cardiac output syndrome

Renal failure

Stroke

Psychiatric disorders
Respiratory distress syndrome

Sepsis

500 mL in the first hour or > 400 mL in the second hour or > 300 mL in the third hour or
> 200 mL in the fourth hour or > 100 mL in the fifth hour

Persistent hypotension, elevated (right atrium) ventricular filling pressures, low cardiac output
requiring pharmacological and possibly mechanical intervention (TAPSE <17 mm or visually as-
sessed RV dysfunction on echocardiography)

Systolic blood pressure < 90 mmHg, pale and cold skin, poor capillary refill, clouding of con-
sciousness and oliguria, cardiac index < 2.2 L/min/m?, pulmonary capillary pressure > 18 mmHg
requiring inotropic agents and/or intra-aortic balloon pump (IABP)

Increase in creatinine levels > 50% of baseline value and/or requirement for hemodialysis

Focal and/or diffuse brain injury confirmed by clinical findings and/or computed tomography scan
with motor or sensory deficits at patient discharge

Any of the following: delirium, hallucinations, psychomotor agitation

Infiltrate in 4 quadrants - wedge < 18 mm Hg - PA/FI ratio < 200

Suspected or documented infection with target organ dysfunction and at least two of the fol-
lowing criteria: temperature > 38 °C°C or < 36 °C, white blood cell count greater than 12,000
uL or less than 4000 uL, tachycardia, tachypnea > 30 bpm, altered mental status, positive culture
from primary site of infection, mean arterial blood pressure less than 70 mm Hg for at least two
hours, poor distal perfusion
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Ventricular Arrhythmia Alerts and Survival in Patients with Implantable
Defibrillators under Remote Monitoring

Alertas de arritmias ventriculares y supervivencia en pacientes con desfibriladores implantables
bajo monitorizacion remota
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ABSTRACT

Background: Patients with implantable cardioverter defibrillators (ICDs) or cardiac resynchronization therapy with defibrillator
(CRT-D) can be followed-up with remote monitoring (RM), which allows the evaluation of complex and serious arrhythmias.
Objectives: The aim of this study was to evaluate the prognostic value of ventricular arrhythmia alerts on mortality in patients with
implantable devices.

Methods: A retrospective cohort study was conducted in 62 patients, analyzing demographic and clinical data and RM alerts: non-
sustained ventricular tachycardia (NSVT), ventricular tachycardia (VT), or ventricular fibrillation (VF)and its prognostic value for
mortality.

Results: 35.5% of patients presented alerts for ventricular arrhythmias. They had worse left ventricular ejection fraction and a
higher prevalence of heart failure. During follow-up, they had higher all-cause mortality (40.9% in the group with alerts vs. 7.5% in
the group without alerts; p=0.003). Survival analysis confirmed that these patients had a significantly lower probability of survival
(Log-Rank test, p=0.006).

Conclusion: The occurrence of alerts for ventricular arrhythmias detected by RM was a significant prognostic marker of lower
survival, underscoring the value of this technology for risk stratification and clinical decision-making. A larger patient cohort and
longer follow-up are needed to confirm its independent prognostic value.

Key words: Implantable Defibrillators - Cardiac Arrhythmias - Remote Monitoring - Mortality - Prognosis
RESUMEN

Introduccion: Los pacientes con desfibrilador automatico implantable (DAI) o terapia de resincronizacion cardiaca con desfibrilador
(TRC-D) pueden ser seguidos con monitorizacién remota (MR) que permite definir la incidencia de arritmias complejas y graves.
Objetivos: Evaluar el valor prondstico de las alertas por arritmias ventriculares en pacientes con dispositivos implantables sobre la
mortalidad.

Materiales y métodos: Se realiz6 un estudio de cohorte retrospectivo en 62 pacientes, analizando datos demograficos, clinicos y de
las alertas de MR: taquicardia ventricular no sostenida (TVNS), taquicardia ventricular (TV) o fibrilacién ventricular (FV), y su
valor prondstico sobre mortalidad.

Resultados: El 35,5 % de los pacientes presentaron alertas por arritmias ventriculares. Tenian peor fraccion de eyeccion ventricular
izquierda y mayor prevalencia de insuficiencia cardiaca. En el seguimiento tuvieron mayor mortalidad por todas las causas (40,9%
en el grupo con alertas vs. 7,5% en el grupo sin alertas; p=0,003). El anélisis de supervivencia confirmé que estos pacientes tuvieron
una probabilidad de supervivencia significativamente menor (prueba de Log-Rank, p=0,006).

Conclusién: La aparicién de alertas por arritmias ventriculares detectadas por MR fue un marcador pronéstico significativo de me-
nor supervivencia, subrayando el valor de esta tecnologia para la estratificacion de riesgo y la toma de decisiones clinicas.Un analisis
con mayor cantidad de pacientes y seguimiento es necesario para confirmar su valor pronéstico independiente.
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INTRODUCTION

Cardiac implantable electronic devices (CIEDs), such
as implantable cardioverter defibrillators (ICDs) and
cardiac resynchronization therapy devices with defi-
brillator (CRT-D), are a cornerstone in the treatment
of patients at risk of sudden cardiac death and those
with advanced heart failure. (1) These devices not
only deliver life-saving therapies, but also function as
sophisticated diagnostic tools that allow continuous
collection of large amounts of data on the patient’s
heart rhythm and physiological parameters.

Over the last decade, remote monitoring (RM) has
transformed the follow-up of this patient population,
evolving from a complementary technology to a stand-
ard of care recommended by leading international
clinical practice guidelines. (2-4) Remote monitoring
enables the automatic and scheduled transmission of
data from the patient’s device to a monitoring center,
facilitating continuous and proactive surveillance,
which has consistently shown to reduce the time to
detection of actionable clinical and technical events,
such as atrial and ventricular arrhythmias or elec-
trode malfunctions.(5-7) In addition, it has proved to
be effective in reducing the incidence of inappropri-
ate ICD shocks and decreasing the need for routine
in-person visits, thereby optimizing clinical workflows
and improving patient convenience. (8-9)

Despite these established benefits, the impact of
RM on “hard” clinical outcomes, such as all-cause mor-
tality and hospitalizations, has been an area of intense
debate with heterogeneous results in the literature.
While some observational studies and clinical trials
have suggested an association between RM and im-
proved survival (10-12), other large-scale randomized
controlled trials and meta-analyses have reported neu-
tral findings, failing to demonstrate a clear benefit
on these primary endpoints. (13-15) This discrepancy
highlights the importance of evidence generated in the
“real world,” which reflects routine clinical practice in
patient populations that are more diverse and complex
than those typically included in clinical trials.

Ventricular arrhythmias, ranging from non-sus-
tained ventricular tachycardia (NSVT) to sustained
ventricular tachycardia (VT) and ventricular fibril-
lation (VF), are events frequently detected by RM in
patients with ICD/CRT-D. The occurrence of these
arrhythmias not only triggers device therapies, but
may also be a marker of progression of the underlying
heart disease and an indicator of poor prognosis. (16)
Therefore, understanding the incidence of these alerts
and their association with long-term outcomes such as
survival is of utmost clinical importance.

The aim of this study was twofold: first, to char-
acterize demographically and clinically our cohort of
patients with ICD and CRT-D followed-up with RM in
a routine practice setting in Argentina; and second, to
evaluate the prognostic value of ventricular arrhyth-
mia alerts (VT, VE or NSVT) on all-cause survival in
this population.

METHODS

A descriptive, retrospective cohort study was conducted in a
closed-population hospital of the Autonomous City of Bue-
nos Aires. A database was built from the records of patients
with CIEDs. For the present analysis, all patients with an
ICD or CRT-D implanted between August 2018 and Janu-
ary 2025 and with an active RM system were selected. The
exclusion criteria were: 1) patients with devices other than
ICDs or CRT-Ds, 2) documented follow-up of less than 6
months, and 3) incomplete data on key variables such as the
date of implantation or vital status at the end of follow-up.
The final cohort who met all the criteria for analysis con-
sisted of 62 patients.

Data were obtained from two main sources, linked
through a unique patient identifier: a patient management
database and a systematic record of alerts received through
RM platforms.

The following baseline variables were collected: age
at the time of implantation, gender, device type (ICD vs.
CRT-D), history of atrial fibrillation prior to implantation,
use of baseline anticoagulation, and comorbidities such as
hypertension, diabetes mellitus, diagnosis of heart failure,
and chronic kidney disease. Drugs such as sodium-glucose
cotransporter 2 inhibitors were not analyzed, since a signifi-
cant number of patients began follow-up in the cohort prior
to the publication of the studies that established their use
as standard of care. Dual angiotensin-nepril ysin inhibitors
were also not included in the baseline analysis, as these data
were not systematically collected in the retrospective data-
base.

The date of device implantation, the date of the last
check-up or death, and vital status were recorded during
follow-up. Based on these dates, the follow-up time and sur-
vival time in days were calculated for each patient.

All alerts transmitted and classified by the device as
NSVT, VT, or VF were analyzed. Each alert documented
whether the event was symptomatic and whether it gener-
ated an unscheduled visit. The device response to the alert
was categorized as “Monitor”, “ATP” (anti-tachycardia pac-
ing therapy), or “Shock.” Subsequent clinical management
was categorized as “Pharmacological Adjustment”, “Inap-
propriate Shock Programming Adjustment”, or other. A di-
chotomous variable was created to classify patients into two
groups: those who had at least one of these alerts during
follow-up and those who did not.

The standard baseline programming used for alerts fol-
lowed the recommendations of international guidelines for
reducing inappropriate therapies. (17) A VT monitoring
zone was established, with a detection threshold of 340 ms
(> 176 bpm) and a counter of 28 intervals for detection. In
this zone, sudden onset (Onset 20%), Stability (48 ms), and
morphology discriminators were programmed as active. The
therapy zone (VF) was programmed with an interval of 320
ms (> 188 bpm) and a counter of 18 out of 24 intervals for
detection, with ATP (Burst) therapies followed by shocks.

It should be noted that this was the baseline program-
ming; in secondary prevention patients or after an episode,
this programming could be individualized. However, these
values were used as the minimum criteria for defining
events.

With this programming, the 40 alerts analyzed were
classified as: NSVT alerts (n=4), defined as non-sustained
episodes (e.g., duration less than 28 beats) that only gener-
ated a “Monitor” alert; and VT/VF alerts (n=36), defined as
sustained episodes that reached the detection counter in the
therapy zone and received ATP or shock.
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All 40 alerts analyzed were manually confirmed by a
staff electrophysiologist to validate their ventricular origin
and exclude artifacts or supraventricular tachycardias.

Statistical analysis

Descriptive statistics were used to summarize the cohort
characteristics. Continuous variables were presented as
mean=*standard deviation (SD) or median and interquartile
range and categorical variables were expressed as absolute
frequencies (n) and percentages (%).

Baseline characteristics between the group of patients
with alerts and those without alerts, were compared with
Fisher’s exact test for all categorical variables, and for the
continuous variable “Age at Implantation,” with a non- nor-
mal distribution, the Mann-Whitney U test was used.

For survival analysis, the event of interest was defined
as all-cause mortality. The time to event was calculated from
the device implantation date to the date of death or the date
of the last follow-up. The Kaplan-Meier method was used to
estimate and visualize survival probabilities over time for
each group. The Log-Rank test was used to formally com-
pare the survival curves.

A value of p < 0.05 was considered statistically signifi-
cant. All analyses were performed using R version 4.4.2 (R
Foundation for Statistical Computing, Vienna, Austria).

Ethical considerations

The study was conducted in accordance with the principles
of the Declaration of Helsinki. (18) Data confidentiality was
ensured by anonymizing the final database. All patients had
given an informed consent at the start of remote monitor-
ing, authorizing the use of their data for research purposes.
Given the retrospective and anonymized nature of the anal-
ysis, the need for specific approval by the institutional ethics
committee was waived from the study.

RESULTS

Baseline Cohort Characteristics

A total of 62 patients with ICD or CRT-D were included
in the analysis. The baseline demographic and clinical
characteristics of the cohort are summarized in Table
1. Mean age at implantation was 61.8 years (median
64; range 16-87). The population was predominantly
male (47 patients, 75.8%). The mean follow-up time
was 2.61 years (median 2.2 years; range 0.6-7.2).

Incidence and Management of Ventricular Arrhythmia Alerts
During the follow-up period, 22 of the 62 patients
(35.5%) presented a total of 40 alerts for ventricular
arrhythmias (VT, VF, or NSVT). Of these 40 alerts, 15
(37.5%) were symptomatic and 17 (42.5%) led to an
unscheduled consultation.

The device response associated with these alerts
was: only monitoring in 4 cases (10%), anti-tachycar-
dia pacing (ATP) therapy in 11 (27.5%), and shock
therapy in 25 (62.5%). The documented clinical man-
agement following the alerts consisted of no change
in 24 cases (60%), pharmacological adjustment in 11
(27.5%), programming adjustment in 4 (10%), and re-
ferral for ablation in 1 (2.5%). It should be noted that,
of the 25 shocks, 3 (12%) were followed by reprogram-
ming because they were considered inappropriate. De-

Table 1. Baseline characteristics of the cohort of patients with
ICD/CRT-D (N=62)

Characteristic Variable

Age at Implantation (years)
- Median (IQR)

- Range (Min-Max)

Gender, n (%)

64.8 (55.8-73.8)
16-87

- Male 47 (75.8%)
- Female 15 (24.2%)
Type of device, n (%)

- ICD only 49 (79.0%)
- CRT-D 3(21.0%)
Baseline Comorbidities, n (%)

- AF Prior to Implantation 7 (1 1.3%)
- Baseline Anticoagulation 3(21.0%)
- Heart Failure 41 (66.1%)
- Hypertension 53 (85.5%)
- Diabetes Mellitus 9 (30.6%)

16 (25.8%)
30.0% (22-34)

- Chronic Kidney Disease
LVEF (median, IQR)
Etiology, n (%)

- Ischemic 9 (30.6%)
- Non-ischemic 42 (67.7%)
Functional class (NYHA), n (%)

-NYHA 45 (72.6%)
- NYHA II-IV 7 (27.4%)
Baseline Medication, n (%)

- Beta-blockers 5 (88.7%)
- RAAS blockade 49 (79.0%)
- MRA 39 (62.9%)
- Amiodarone 31 (50.0%)
Follow-up time (years)

- Median (IQR) 2.2(1.2-3.6)
- Range (Min-Max) 0.6-7.2

AF: Atrial fibrillation; CRT-D: Cardiac resynchronization therapy with
defibrillator; ICD: Implantable cardioverter defibrillator; IQR: interquar-
tile range; LVEF: Left ventricular ejection fraction; MRA: Mineralocor-
ticoid receptor antagonist; NYHA: New York Heart Association; RAAS:
Renin-angiotensin-aldosterone system

tails of management according to device response are
summarized in Table 2.

Comparative Subgroup Analysis

The baseline characteristics of patients who presented
ventricular arrhythmia alerts (n=22) were compared
with those who did not (n=40), as detailed in Table
3. There was a trend toward older age (median 67 vs.
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62 years; p=0.063) and a higher prevalence of hyper-
tension (95.5% vs. 77.5%; p=0.082) in the group with
alerts. Left ventricular ejection fraction (LVEF) was
significantly lower in the subgroup with alerts, and
the prevalence of major heart failure (Table 3) The
most relevant finding was the statistically significant
association between the occurrence of ventricular
alerts and higher all-cause mortality (40.9% vs. 7.5%;
p=0.003), with an odds ratio of 8.54 (95% CI 2.05-
41.5, p=0.003).

Survival Analysis

To assess the prognostic impact of ventricular ar-
rhythmia alerts on all-cause mortality, a survival anal-
ysis was performed using the Kaplan-Meier method.
Survival over time was compared between the group

of patients who had at least one VT, VE, or NSVT alert
(n=22) and the group who did not have such alerts
(n=40).

Figure 1 shows the survival curves for both
groups. A clear and early separation of the curves
was observed, with a consistently lower probability of
survival over time in the group of patients with alerts
compared with the group without alerts.

The Log-Rank test confirmed that this difference
in survival was highly statistically significant (p=
0.006). To adjust for heterogeneous follow-up dura-
tion (range 0.6-7.2 years), annualized mortality was
calculated by group. This was markedly higher in the
alert group (18.33 deaths per 100 person-years) com-
pared with the no-alert group (2.74 deaths per 100
person-years).

Table 2. Clinical management according to device response to ventricular arrhythmia alerts (N=40 alerts)

Device Response

Pharmacological Adjustment

Monitor 0
ATP 2
Shock 9
Total 11

ATP: anti-tachycardia pacing
*Corresponds to “Inappropriate Shock Programming Adjustment”

Programming Adjustment Ablation No Change Total Alerts
0 0 4 4
1 0 8 11
3* 1 12 25
4 1 24 40

Table 3. Comparison of baseline characteristics between patients with and without ventricular arrhythmia alerts

Baseline Characteristic

Patients with alerts (N=22)

Age at Implantation (years, median) 67

Male gender 86.4 %
CRT-D 31.8 %
AF prior to implantation 13.6 %
Heart failure 77.3 %
Hypertension 95.5 %
Diabetes Mellitus 22.7 %
Chronic kidney disease () 31.8 %
LVEF (median) 285 %
Ischemic etiology 45.5 %
NYHA II-IV 54.5 %
Beta blockers 95.5 %
RAAS blockade 100 %
MRA 86.4 %
Amiodarone 50.0 %

Patients without alerts (N=40)  Ratio (95% CI) p-value
62 - 0.063
70.0 % 0.218
15.0 % 0.191
10.0 % 0.691
60.0 % 0.262
77.5 % 0.082
35.0 % 0.395
22.5 % 0.546
38% = 0.003
22.5 % 0.085
12.5 % 0.005
85.0 % 0.371
67.5 % 0.002
50.0 % 0.005
50.0 % 1.000

AF: atrial fibrillation; CRT-D: cardiac resynchronization therapy with defibrillator; LVEF: left ventricular ejection fraction; MRA: mineralocorticoid
receptor antagonists; NYHA: New York Heart Association; RAAS: renin-angiotensin-aldosterone system
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Fig. 1. Kaplan-Meier survival curve according to the presence of ventricular arrhythmia alerts
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These findings indicate that the occurrence of ven-
tricular arrhythmia alerts, detected by remote moni-
toring, was a strong predictor of increased mortality
in our cohort of patients with ICD/CRT-D.

DISCUSSION

This real-world study characterizes a cohort of pa-
tients with ICD/CRT-D and demonstrates that the
occurrence of ventricular arrhythmia alerts detected
by RM is a powerful marker of poor prognosis. The
main finding of our study is the statistically signifi-
cant association between the presence of VT, VE, or
NSVT alerts and an increase in all-cause mortality.
The Kaplan-Meier survival analysis not only confirms
this finding but also allows us to visualize how risk
diverges over time, with a notable separation of the
curves after 500 days.

This result aligns our experience with that of other
studies that have identified ventricular arrhythmias
as an independent risk factor for mortality in this
population. (16,19) The ability of RM for the early

detection of these events is therefore crucial not only
for the immediate management of the arrhythmia but
also for long-term risk stratification. It is important
to contextualize our findings with those of large in-
ternational studies, although with differences in their
objectives. Unlike randomized trials such as REM-HF
(9) or studies as REMOTE-CIED, (14) which report-
ed neutral findings on the impact of RM on all-cause
mortality, our study does not evaluate RM per se, but
rather the prognostic value of the alerts detected. In
this sense, our results are in line with those of large
observational registries, such as the ALTITUDE
study (11), which did suggest an association between
RM and improved survival. (20) The nearly sevenfold
difference in the exposure-adjusted mortality rate re-
inforces the Kaplan-Meier curve finding and suggests
that the association between ventricular alerts and
worse prognosis is robust, rather than a mere artifact
of differential follow-up. (21)

The ability of RM for the early identification of
high-risk patients, such as those with ventricular ar-
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rhythmias, remains of fundamental clinical value. A
patient presenting with these alerts may be a can-
didate for intensification of heart failure therapy,
reevaluation of antiarrhythmic therapy, or considera-
tion of more advanced therapies such as ablation.

We are aware of the limitations of our study. Its
retrospective and observational design does not allow
us to establish causality but only association, and the
modest cohort size (n=62) limits statistical power.

The main limitation is the absence of multivari-
ate analysis (e.g., Cox regression) to adjust for obvi-
ous confounding factors. As shown in the comparative
analysis (Table 3), the group that presented alerts had
a significantly higher baseline risk profile: a mark-
edly lower median left ventricular ejection fraction
(LVEF), a greater prevalence of ischemic etiology, a
much higher proportion of symptomatic patients ac-
cording to the New York Heart Association (NYHA II-
IV) functional classification and a greater use of heart
failure medication (such as mineralocorticoid receptor
antagonists and renin-angiotensin-aldosterone sys-
tem blockade).

Although a Cox analysis was considered, because
of the low number of mortality events in the cohort
(n=12), attempting to adjust for multiple confounders
would result in overfitting of the model, generating
statistically unstable and unreliable results. There-
fore, the reported odds ratio for mortality probably
overestimates the actual association, as it is an unad-
justed calculation.

DISCUSSION

In conclusion, in our cohort, the occurrence of remote
monitoring alerts for ventricular arrhythmias was a
frequent finding and was significantly associated as
a prognostic marker of lower survival. This finding
underscores the prognostic value of information ob-
tained through RM and its importance for risk strati-
fication and clinical decision-making in patients with
implantable defibrillators.
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Development of the Hemodynamic Instability Index in Acute Kidney
Injury and its Association with In-Hospital Mortality

Desarrollo del indice de Inestabilidad Hemodindmica en insuficiencia renal aguda y su
asociacion con la mortalidad hospitalaria

ALBERTO GUEVARA TIRADO'

ABSTRACT

Background: Hemodynamic instability increases the risk of in-hospital mortality in patients with acute kidney injury (AKI), but
there is no specific tool to quantify this risk.

Objective: The aim of the present study was to develop the Hemodynamic Instability Index in Acute Kidney Injury (ITH-AKI),
analyze its association with in-hospital mortality in patients hospitalized for AKI and compare its discriminatory ability with other
established prognostic scores.

Methods: We conducted an analytical study based on a secondary database derived from a clinical record of 5060 patients hospi-
talized with AKI. The outcome analyzed was in-hospital mortality. Principal component analysis (PCA) was used to develop the
HII-AKI model based on five key parameters: pulse, systolic blood pressure, diastolic blood pressure, respiratory rate, and oxygen
saturation. The HII-AKI performance was evaluated using the area under the ROC curve (AUC-ROC), Kaplan-Meier curves, and
Cox regression analysis.

Results: The HII-AKI prsented an AUC-ROC of 0.742 (95% CI 0.722-0.762; p<0.001) for predicting in-hospital mortality, surpass-
ing the SOFA score (AUC-ROC=0.723) and the Elixhauser comorbidity index (AUC-ROC=0.465). Patients with high HII-AKI were
younger and had a longer hospital stay. They also had more acidosis, lower bicarbonate levels, higher urea nitrogen levels, and lower
creatinine levels. In Cox regression analysis, a high HII-AKI was associated with higher in-hospital mortality (HR=2.394; 95% CI
2.008-2.855; p<0.001).

Conclusion: A high HII-AKI is associated with greater hemodynamic instability, inflammation, metabolic disturbances, and prolonged
length of hospital stay, supporting its usefulness as a prognostic marker of mortality in AKI. Its implementation in clinical practice
could improve risk stratification and optimize the therapeutic decisions. Further studies are necessary for external validation.

Key words: Hemodynamic Monitoring - Acute Kidney Injury - In-Hospital Mortality - Survival Analysis - Disease Severity Index
RESUMEN

Introduccion: La inestabilidad hemodinamica en la insuficiencia renal aguda (IRA) aumenta el riesgo de mortalidad hospitalaria,
pero carece de una herramienta especifica para cuantificarla.

Objetivo: Desarrollar el Indice de Inestabilidad Hemodindmica en Insuficiencia Renal Aguda (ITH-IRA), evaluar su asociacién con la
mortalidad intrahospitalaria y comparar su capacidad discriminativa frente a escalas prondésticas establecidas.

Material y métodos: Estudio analitico de datos secundarios de un registro clinico de 5060 pacientes hospitalizados con IRA. La varia-
ble de desenlace fue la mortalidad intrahospitalaria. Se aplic6 analisis de componentes principales (ACP) para construir el ITH-IRA
utilizando cinco parametros clave: pulso, presion arterial sistélica, presion arterial diastélica, frecuencia respiratoria y saturacion de
oxigeno. Se evalué su rendimiento con el anélisis del area bajo la curva ROC (ABC ROC), curvas de Kaplan-Meier y regresion de Cox.
Resultados: El ITH-IRA mostré un ABC ROC de 0,742(1C95% 0,722-0,762;p<0,001) para predecir mortalidad hospitalaria, superan-
do al indice SOFA (ABC ROC=0,723), y a la clasificaciéon Elixhauser (ABC ROC=0,465). Los pacientes con IITH-IRA elevado fueron
mas jovenes, con estadia hospitalaria mas prolongada, mas acidosis, bicarbonato mas bajo, nitrégeno ureico mas alto y creatinina
mas baja. En la regresion de Cox, un ITH-IRA elevado se asocié con mayor mortalidad hospitalaria (HR=2,394; 1C95%:2,008 -2,855;
p<0,001).

Conclusion: El ITH-IRA elevado se asocia con inestabilidad hemodindmica, inflamacién, alteraciones metabélicas y mayor estadia
hospitalaria. Ello respalda su utilidad como marcador pronéstico de mortalidad en IRA. Su aplicacién podria mejorar la estratifica-
ci6n del riesgo y las decisiones terapéuticas.Se requieren mas estudios para validar su uso externo.

Palabras clave: Monitorizacién Hemodinamica - Lesiéon Renal Aguda - Mortalidad Hospitalaria - Analisis de Supervivencia - Indice
de Severidad de la Enfermedad
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INTRODUCTION

Acute kidney injury (AKI) is the sudden loss of renal
function that causes retention of nitrogenous wastes
and alterations in fluid, electrolyte, and acid-base bal-
ance. It can be differentiated into prerenal, intrarenal,
and postrenal etiologies, which affect patients’ out-
comes. (1) Acute kidney injury is a predictor of poor
prognosis in hospitalized patients, especially those in
critical condition, where its association with hemody-
namic instability increases the risk of multiple organ
dysfunction and death. (2)

Hemodynamic instability in AKI is related to a de-
crease in effective intravascular volume, endothelial
dysfunction, release of mediators of inflammation,
and neurohormonal activation. These factors lead to
tissue hypoperfusion, which perpetuates renal dam-
age and affects other vital organs, producing a state
of hemodynamic dysfunction condition is character-
ized by hypotension, tachycardia, and alterations in
systemic vascular resistance. (3)

There are various tools for assessing the progno-
sis and mortality of hospitalized patients, such as the
SOFA (Sequential Organ Failure Assessment) score
and the Elixhauser Comorbidity Index. The SOFA
score is a widely used metric in intensive care units
to predict mortality based on multiple organ dys-
function. Its calculation is complex and requires the
combination of numerous clinical and laboratory pa-
rameters. (4) Conversely, the Elixhauser Comorbid-
ity Index enables the stratification of mortality risk
based on patients’ comorbidities. (5) However, these
systems have not been specifically designed to assess
hemodynamic instability in patients with AKI, which
may limit their applicability in this population.

The assessment of hemodynamic instability in
patients with AKI is essential to guide therapeutic
interventions and stratify the risk of complications.
However, there is currently no standardized index
that quantifies hemodynamic instability and its asso-
ciation with in-hospital mortality, allowing for an ob-
jective assessment of the hemodynamic status of these
patients.

The aim of the present study was to develop the
Hemodynamic Instability Index in Acute Kidney Inju-
ry (HII-AKI) and analyze its association with in-hos-
pital mortality in patients hospitalized for AKI. This
novel index could allow for the early identification
of patients at higher risk of death using less exten-
sive clinical data than, for example, the SOFA score.
Consequently, this will facilitate the optimization of
clinical decisions and management strategies for this
vulnerable population.

METHODS

Study design and population

We conducted an analytical study based on a secondary da-
tabase derived from a clinical registry of patients hospital-
ized with AKI. (6) The original database included a total of
5,060 hospitalized adult patients; only those with complete

information on in-hospital mortality were selected. Of these,
721 patients (14.2%) died during hospitalization, while 4339
(85.8%) survived. Acute kidney injury was defined according
to the Kidney Disease: Improving Global Outcomes (KDI-
GO) criteria, which includes an increase in serum creatinine
to 1.5 times or more than the baseline of the prior 7 days
or an increase in serum creatinine by 0.3 mg/dL or more
(26.5 umol/L or more) within 48 hours. (7) This study was
conducted in accordance with the RECORD (Reporting of
Studies Conducted using Observational Routinely Collected
Health Data) guideline, thereby ensuring transparency and
methodological rigor in the management of routinely col-
lected observational data.

Variables and measurements

The dependent variable was in-hospital mortality, defined
as the death from any cause during hospitalization. This
variable was recorded dichotomously (yes/no) and used as an
outcome variable in the regression models to assess its asso-
ciation with the clinical and hemodynamic factors analyzed.

The independent variables used in this study were classi-
fied as continuous or categorical, depending on their nature
and implementation in the different analyses. Continuous
variables included clinical and hemodynamic parameters
and laboratory test results. The following variables were an-
alyzed: age (years), anion gap (mEq/L), serum bicarbonate
(mEq/L), blood urea nitrogen (BUN, mg/dL), serum chloride
(mEq/L), glomerular filtration rate (GFR, mL/min/1.73 m2),
creatinine levels on admission (mg/dL), hemoglobin (g/dL),
platelet count (X103/uL), serum potassium (mEq/L), serum
sodium (mEq/L), white blood cell count (WBC, x103/uL),
systolic blood pressure (SBE, mmHg), diastolic blood pres-
sure (DBP, mmHg), pulse (beats per minute), respiratory
rate (breaths per minute), oxygen saturation (%), body tem-
perature (°F), and length of hospital stay. These variables
were analyzed using descriptive statistics and were used in
the construction of indices and predictive models.

Categorical variables included the presence of previous
diseases and clinical conditions. These included chronic kid-
ney disease, heart failure, lung disease, diabetes, hyperten-
sion, cancer, and liver disease and recorded as dichotomous
variables (present or absent). In addition, the Elixhauser
Comorbidity Index and the SOFA score were considered and
categorized into specific ranges to assess disease burden and
organ dysfunction.

The principal component analysis (PCA) identified the
variables that contributed most to the clinical variability of
acute kidney injury. The principal component analysis (PCA)
identified the variables that contributed most to the clinical
variability of acute kidney injury. These included age, serum
bicarbonate, BUN, serum chloride, GFR, hemoglobin, plate-
let count, serum potassium, serum sodium, WBC, SBE, DBP,
pulse, respiratory rate, oxygen saturation, temperature,
length of hospital stay, and creatinine levels at different
times prior to hospitalization.

The Hemodynamic Instability Index in Acute Kidney
Injury (HII-AKI) was constructed using five key variables:
pulse, SBP, DBE respiratory rate, and oxygen saturation.
The index was then calculated using a specific formula, with
an adjustment made to avoid negative values. Then, the
clinical parameters were analyzed according to the HII-AKT
and their association with in-hospital mortality using the
Kaplan-Meier method and Cox regression analysis, which
included variables such as HII-AKI, SOFA score, Elixhauser
Comorbidity Index, creatinine level on admission, anion gap,
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serum bicarbonate, BUN, serum chloride, GFR, hemoglobin,
platelet count, serum potassium, serum sodium, WBC, and
blood temperature. These variables were used in regression
models to evaluate their association with in-hospital mortal-
ity and the relative risk of adverse events in patients with
acute kidney injury.

The cohort included 51.5% of men (n = 2607) and 48.5%
of women (n = 2453). Given the absence of statistically sig-
nificant differences in in-hospital mortality based on sex (p
> 0.05), this variable was not incorporated as a covariate in
the multivariate models. However, it was maintained in the
description of the study population for the purpose of report-
ing sex-disaggregated data.

Statistical analysis

Qualitative variables are presented as percentages and were
compared using the chi-square test or Fisher’s test, as ap-
propriate. Quantitative variables are presented as mean and
standard deviation (SD) or median and interquartile range
(IQR), as appropriate and were compared using the t-test for
normally distributed data and the Mann-Whitney U test for
non-normal distributions.

To explore the internal structure of clinical and hemo-
dynamic variables, principal component analysis (PCA) was
applied. Sample adequacy was evaluated using the KMO test
and Bartlett’s sphericity test. Components with eigenvalues
>1 were identified, and the five variables with the highest
factor loadings (respiratory rate, oxygen saturation, pulse,
systolic blood pressure, and diastolic blood pressure) were
selected to construct the Hemodynamic Instability Index in
Acute Kidney Injury (HII-AKI).

The discriminatory capacity of the HII-AKI to predict
in-hospital mortality was evaluated by calculating the area
under the ROC curve (AUC-ROC) and its 95% confidence in-
terval (95% CI). This performance was compared with prog-
nostic scales and relevant clinical parameters, including the
SOFA score, Elixhauser Comorbidity Index, age, GFR, anion
gap, serum creatinine, and white blood cell count, in order to
determine the discriminatory capacity of the HII-AKI com-
pared to conventional indicators.

The optimal cutoff point for HII-AKI was determined in
72.20 using the Youden index (J = sensitivity + specificity
- 1), using the ROC curve for in-hospital mortality as a refer-
ence. Based on this value, patients were classified into two
categories: low HII-AKI (<72.20) and high HIT-AKI (=72.20).
Kaplan-Meier curves were constructed stratified by the cut-
off point obtained (low vs. high HII-AKI) to analyze the as-
sociation between the index and in-hospital survival. The
curves were then compared using the log-rank test.

Finally, a Cox proportional hazards model was applied to
estimate the hazard ratio (HR) of the HII-AKI, adjusted for
clinical variables and significant prognostic scales (SOFA,
Elixhauser, GFR, creatinine levels, anion gap, WBC). All the
analyses were performed using a specialized statistical soft-
ware package (SPSS 25), considering a level of significance
of 0.05.

Ethical considerations

The secondary database was uploaded by the authors to Dry-
ad, an open-access repository (https://datadryad.org/) under
a Creative Commons (CC) license, allowing unrestricted use,
distribution, and reuse of the data. To ensure the privacy
of participants, the data were anonymized and numerically
coded, in compliance with the ethical principles established
in the Declaration of Helsinki for research on human sub-
jects. (9) This process ensures that the database can be used

in future research without compromising the confidentiality
of the subjects. The information is available at the following
link: https://datadryad.org/stash/dataset/doi:10.5061/dryad.
kh189327p#citations.

RESULTS

A total of 5060 patients hospitalized for AKI were
analyzed; mean age was 68.25 = 15.50 years and the
distribution by sex was balanced (51.5% were men
and 48.50% were women). The patients exhibited the
following metabolic and hemodynamic abnormalities:
anion gap 12.01 = 3.87 mEq/L, serum bicarbonate
23.42 + 4,92 mEq/L, BUN 33.24 + 19.39 mg/dL, GFR
63.49 = 30.21 mL/min/1.73 m2, and creatinine levels
on admission 1.34 = 0.72 mg/dL. Mean hemoglobin
levels were 10.77 £ 2.43 g/dL, platelet count 227.33
+ 115.40 xX103/uL,, and WBC 11.32 + 17.23 x103/uL.
Mean systolic and diastolic blood pressure were 120.57
+ 22.25 mmHg and 67.74 + 13.04 mmHg, respective-
ly. The comorbidities recorded included chronic renal
disease (25.4%), heart failure (31.8%), lung disease
(30.4%), diabetes mellitus (37.5%), and hypertension
(67.9%). The median SOFA score on admission was 2
points (IQR: 1-3) and the median length of hospital
stay was 7 days (IQR: 4-13), reflecting a population
with a high burden of comorbidities and physiological
instability (Table 1)

Principal component analysis (PCA) identified sev-
en pathophysiological components with eigenvalues
> 1, which explained 62% of the total variance, with
acceptable sample adequacy (KMO = 0.591; Bartlett
p < 0.001). The first component encompassed renal
function markers (creatinine, BUN, and GFR). The
second component captured respiratory and acid-base
parameters (respiratory rate, oxygen saturation, and
bicarbonate). The third component represented hemo-
dynamic measures (systolic and diastolic blood pres-
sure, and pulse pressure). The remaining components
reflected metabolic and hematological axes. Based
on the factor loadings of the hemodynamic axis, the
five variables with the greatest direct contribution to
cardiovascular instability were selected—respiratory
rate, oxygen saturation, pulse, systolic blood pressure,
and diastolic blood pressure—and used to construct
the Hemodynamic Instability Index in Acute Kidney
Injury (HII-AKI) (Table 2)

PCA identified five key variables of hemodynamic
instability in acute kidney injury: respiratory rate,
oxygen saturation, pulse, systolic blood pressure, and
diastolic blood pressure. These variables were weight-
ed according to their factor loadings to construct the
Acute Renal Failure Hemodynamic Instability Index
(AKI-HII) formula. Pulse and respiratory rate had a
positive contribution, while oxygen saturation and
systolic and diastolic blood pressures had a negative
influence. Before adjustment, HII-AKI values ranged
from -129.21 to 22.49 (mean -60.81, standard devia-
tion 19.22). To avoid negative values and facilitate
clinical interpretation, 129.21 was added to all values.
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Table 1. Clinical characteristics of the total population in the
database of patients hospitalized for acute kidney injury
(n = 5060)

Age (years) 68.25 + 15.50
Men (%) 51.50 (2607)
Women (%) 48.50 (2453)

Anion gap (mEg/L) 12.01 + 3.87
Serum bicarbonate (mEq/L) 23.42 +4.92
BUN (mg/dL) 33.24 + 19.39
GFR (mL/min/1.73 m2) 63.49 + 30.21
Creatinine (mg/dL) 134 +£0.72
Hemoglobin (g/dL) 10.77 + 2.43
Platelet count (x103/uL) 227.33 £ 115.40
White blood cells (x103/uL) 11.32 +17.23
SBP (mmHg) 120.57 + 22.25
DBP (mmHg) 67.74 £ 13.04
Chronic kidney disease (%) 25.4 (1285)
Heart failure (%) 31.80 (1607)
Lung disease (%) 30.40 (1539)
Diabetes mellitus (%) 37.50 (1898)
Hypertension (%) 67.90 (3438)
SOFA score 2 (1-3)
Length of hospital stay (days) 7 (4-13)

BUN: blood urea nitrogen; DBP: diastolic blood pressure; GFR: glomeru-
lar filtration rate; SBP: systolic blood pressure (mmHg); SOFA: Sequen-
tial Organ Failure Assessment.
Qualitative variables are presented as % (n) and quantitative variables
as mean = SD or median (IQR)

This adjustment resulted in an adjusted index with a
range of 0 to 151.70, maintaining the same standard
deviation, and with an adjusted mean of 68.39

The HII-AKI demonstrated effective performance
in discriminating in-hospital mortality, with an AUC-
ROC of 0.742 (95% CI 0.722 - 0.762; p < 0.001), sur-
passing the performance of other scales and biomark-
ers evaluated. The SOFA score exhibited an AUC-ROC
of 0.723 (95% CI 0.702-0.744; p < 0.001), with a simi-
lar though slightly lower performance while the AUC-
ROC of the Elixhauser Comorbidity Index was 0.465
(95% CI 0.442-0.489; p = 0.003), suggesting a limited
discriminatory ability. Other clinical parameters, such
as anion gap (AUC-ROC = 0.658), WBC count (AUC-
ROC = 0.672), and age (AUC-ROC = 0.527) showed
moderate to low performance. Oxygen saturation ex-
hibited the lowest performance, with an AUC-ROC of
0.348 (95% CI 0.323-0.374; p < 0.001), indicating an
inverse association with in-hospital mortality.

Patients with elevated HII-AKI (=72.20) had sig-
nificant differences in multiple clinical parameters.
They were younger, and median length of hospital

stay was longer [10 (IQR 5-19) days vs. 6 (IQR 4-12)
days; p < 0.001]. These patients demonstrated elevat-
ed anion gap levels, reduced bicarbonate levels, and
elevated BUN, findings that reflect greater severity of
metabolic acidosis. In addition, hemoglobin concen-
tration and blood pressure were significantly lower.
Heart rate and respiratory rate were also higher, as
well as white blood cell count. Oxygen saturation was
reduced, reflecting significant cardiovascular and res-
piratory instability (Table 4)

Kaplan-Meier survival analysis showed significant
differences in survival between patients with high
HII-AKI (=72.2) and those with a lower index. Median
survival was significantly lower in the group with high
HII-AKI (46.36 vs. 81.56 days). The log rank (Mantel-
Cox) test demostrated a statistically significant differ-
ence between the two groups (p < 0.001). In the Cox
regression analysis, HII-AKI emerged as the strong-
est predictor of in-hospital mortality, with a hazard
ratio (HR) of 2.394 (95% CI 2.008 - 2.855). Compared
to other severity scales, the SOFA score also showed
a significant association with mortality (HR = 1.559;
95% CI 1.308 - 1.858), although the impact was lower
than that of the HII-AKI. The Elixhauser Comorbid-
ity Index did not demonstrate a significant association
with mortality (Table 5).

DISCUSSION

This study employed principal component analysis
(PCA) to identify the pathophysiological axes of AKI,
with seven components explaining 62% of the total
variance. These components reflect the dynamic in-
teraction between renal function, acid-base balance,
electrolytes, hemodynamics, metabolism, and age.
The results, supported by an acceptable sample ade-
quacy (KMO = 0.591) and a significant Bartlett’s test
(p < 0.001), showed that the first component grouped
renal variables, creatinine levels, and BUN as the pri-
mary determinants. This finding is consistent with
previous evidence that positions kidney dysfunction
and the retention of nitrogenous wastes as independ-
ent predictors of hospital mortality, reflecting reduced
glomerular filtration that contributes to systemic
toxicity. (10,11) Furthermore, components associated
with respiratory function and acid-base status were
identified. These components influence tissue oxy-
genation and the risk of multiple organ dysfunction.
(12, 13)

Based on this factor structure, five key variables
associated with hemodynamic instability were identi-
fied: respiratory rate, oxygen saturation, pulse, SBP
and DBE, which were used to construct the HIT-AKI.
The reduction in SBP and DBPE along with the com-
pensatory increase in heart rate and respiratory rate,
reflects a physiological response to hypoperfusion and
circulatory compromise characteristic of AKI. In this
context, the HII-AKI demonstrated a strong discrimi-
natory ability to predict in-hospital mortality (AUC-
ROC = 0.742), surpassing general scales such as the
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Table 2. Principal component matrix of clinical variables and laboratory test results in acute kidney injury

Variable Ci1 c2 c3 c4 C5 c6 c7
Age 0.295 -0.234 0.121 -0.370 0.200 0.518 -0.232
Serum bicarbonate -0.293 -0.470 0.221 -0.336 0.573 -0.200 -0.063
BUN 0.708 0.086 -0.018 -0.121 0.223 0.170 -0.057
Serum chloride 0.081 0.218 0.823 0.134 -0.365 0.201 0.165
Glomerular filtration rate -0.850 0.151 -0.095 0.077 -0.116 -0.080 0.049
Hemoglobin -0.183 -0.207 -0.177 0.338 0.222 0.290 -0.258
Platelet count -0.138 -0.072 -0.137 0.222 0.384 0.287 0.300
Serum potassium 0.263 0.186 -0.201 -0.069 -0.036 0.326 0.605
Serum sodium 0.018 0.131 0.866 0.108 -0.003 0.195 -0.173
White blood cells 0.011 0.244 -0.062 0.034 0.223 0.331 0.242
SBP 0.036 -0.494 0.208 0.568 0.129 0.020 0.052
DBP -0.131 -0.421 0.047 0.750 0.069 -0.061 0.060
Pulse -0.133 0.577 -0.035 0.334 0.153 -0.169 0.054
RR 0.027 0.465 0.000 0.160 0.345 0.172 -0.219
SpO, -0.007 -0.432 -0.166 0.060 -0.243 0.053 0.183
Temperature -0.075 0.369 0.217 0.101 0.379 -0.294 0.172
Days of hospitalization 0.024 0.313 0.107 -0.067 0.289 -0.286 0.057
Creatinine on admission 0.901 -0.070 0.059 0.070 0.057 -0.126 0.045
Creatinine 0.909 0.007 -0.049 0.085 -0.002 -0.140 0.020
Min. creatinine 48 hours prior 0.944 -0.056 -0.018 0.077 0.007 -0.154 0.019
Min. creatinine 7 days prior 0.938 -0.086 0.004 0.083 0.005 -0.140 0.026
Anion gap 0.265 0.431 -0.405 0.362 -0.161 0.192 -0.431
AKI duration 0.002 -0.037 0.046 0.009 -0.086 -0.182 -0.201

KMO: 0.591; Bartlett's test: 2 = 68435.935; p < 0.001; Explained variance: 62% (7 components)

AKI: acute kidney injury; BUN: blood urea nitrogen; C: principal component; DBP: diastolic blood pressure; RR: respiratory rate; SaO,: arterial oxygen
saturation; SBP: systolic blood pressure

Table 3. Development of the HII-AKI

Variable Load Components in the HII-AKI formula

RR 0.46 0.465 x Respiratory rate

Sa0, -0.432 (-0.432) x Oxygen saturation

Pulse 0.577 0.577 x Pulse

SBP -0.494 (-0.494) x Systolic blood pressure

DBP -0.421 (-0.421) x Diastolic blood pressure

HI-AK] formula 0.577 * Pulse + (- 0.494) * SBP + (- 0.421) * DBP + 0.465 * RR - 0.432 *
Sao0,

Descriptive statistics of HII-AKI before Minimum: -129.21, Maximum: 22.49, Mean: -60.81, SD: 19.22

adjustment

Adjusted HII-AKI HII-ARI+129.21

Descriptive statistics of HII-AKI after Minimum: 0, Maximum: 151.70, Mean: 68.39, SD: 19.22

adjustment

C: principal component; DBP: diastolic blood pressure; HII-AKI: Hemodynamic Instability Index in Acute Kidney Injury; RR: respiratory rate; SaO,:
arterial oxygen saturation; SBP: systolic blood pressure
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Table 4. Clinical parameters according to the Hemodynamic Instability Index in Acute Kidney Injury (HII-AKI)

Parameter Low HII-ARI (<72.2) High HII-ARI (=72.2) p
Age (years) 69.46 + 15.10 66.45 + 15.89 <0.001
Length of hospital stay (days) 6 (4-12) 10 (5-19) <0.001
Creatinine levels (mg/dL) 1.36 £0.71 1.28 £0.70 <0.001
Anion gap (mEg/L) 11.50 £ 3.30 12.79 + 4.52 <0.001
Bicarbonate levels (mEq/L) 23.91 +4.42 22.67 £ 5.51 <0.001
BUN (mg/dL) 32.37 £ 18.74 34.54 + 20.27 <0.001
Chloride levels (mEg/L) 102.25 £ 5.93 102.51 + 6.63 0.147
GFR (mL/min/1.73 m2) 61.32 + 29.56 66.99 + 30.79 <0.001
Hemoglobin (g/dL) 11.02 +£2.33 10.38 £ 2.52 <0.001
Platelet count (x103/uL) 102 102 0.002
Potassium (mEg/L) 102 102 <0.001
Sodium (mEg/L) 102 102 0.043
WBC (x103/uL) 102 102 <0.001
SBP (mmHg) 102 102 <0.001
DBP (mmHg) 102 102 <0.001
Pulse (bpm) 102 102 <0.001
Respiratory rate (rpm) 102 102 <0.001
Oxygen saturation (%) 102 102 <0.001

BUN: blood urea nitrogen; DBP: diastolic blood pressure (mmHg); GFR: glomerular filtration rate; HII-AKI: Index of Hemodynamic Instability in Acute
Kidney Injury; SBP: systolic blood pressure (mmHg); WBC: white blood cells
Quantitative variables are presented as mean + SD or median (IQR).

Table 5. Survival analysis

Variable HR 95% ClI 1]
HI-AKI 2.394 2.008 - 2.855 <0.001
SOFA score 1,559 1,308 - 1,858 <0.001
Elixhauser comorbity index 1,154 0.904 - 1.474 0.251
Creatinine on admission 0.818 0.670 - 1.000 0.050
Anion gap 1.005 0.913-1.107 0.919
Bicarbonate 0.920 0.836-1.013 0.091
BUN 1.012 1.009 - 1.015 <0.001
Chloride 0.939 0.852 - 1.034 0.201
GFR 0.996 0.991 - 1.001 0.128
Hemoglobin 1.015 0.986 - 1.046 0.306
Platelet count 0.999 0.999 - 1.000 0.099
Potassium 1.268 1.126 - 1.428 <0.001
Sodium 1.094 0.992 - 1.206 0.072
WBC 1.002 1.001 - 1.004 <0.001

BUN: blood urea nitrogen; DBP: diastolic blood pressure (nmHg); GFR: glomerular filtration rate; HII-AKI: Index of Hemodynamic Insta-
bility in Acute Kidney Injury; SBP: systolic blood pressure (mmHg); WBC: white blood cells
Quantitative variables are presented as mean = SD or median (IQR).
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SOFA score or the Elixhauser Comorbidity Index, as
well as isolated parameters such as the anion gap level
or white blood cell count.

Compared to the SOFA score, the HII-AKI offers
significant advantages, as it is based on basic, nonin-
vasive, and easily reproducible hemodynamic moni-
toring parameters, making it particularly useful in
resource-limited settings. While the SOFA score as-
sesses multiple physiological systems, the THII-AKI
focuses on cardiovascular instability, a prognostic axis
that is often underestimated for AKI progression.
(14,15) This specificity explains its greater discrimi-
natory power, suggesting that it could become a prac-
tical tool for risk stratification and therapeutic prior-
itization within general and critical care units.

Patients with elevated IHII-AKI (= 72.2) presented
greater metabolic and inflammatory instability, ele-
vated anion gap level, lower bicarbonate, higher BUN,
and leukocytosis, along with clear signs of cardiovas-
cular impairment: hypotension, tachycardia, tachyp-
nea, and hypoxemia. They also had a longer length
of hospital stay and a lower mean age, which could
reflect more aggressive forms of hemodynamic dys-
function in young patients. These results are consist-
ent with studies that have associated early circulatory
instability with adverse outcomes and mortality in
AKI. (16-18) By integrating these objective variables,
the HII-AKI quantitatively synthesizes the impact of
hemodynamic imbalance on prognosis, providing a
clinical tool that can be immediately applied and vali-
dated in different healthcare settings.

Likewise, Kaplan—Meier survival analysis showed
that patients with elevated HII-AKI had a lower prob-
ability of in-hospital survival, a difference that was
statistically significant. In accordance with these find-
ings, the Cox proportional hazards model revealed
that a high HII-AKI was associated with an elevated
risk of in-hospital mortality, even after adjusting for
clinical variables and prognostic scales such as the
SOFA score, the Elixhauser Comorbidity Index, and
GFR, confirming the independent value of the tool as
a prognostic predictor. This finding reinforces the role
of the HII-AKI as a prognostic marker and suggests
that acute cardiovascular impairment plays a central
role in the progression and mortality associated with
AKI, consistent with the mechanisms of systemic hy-
poperfusion and dysregulated inflammation described
in recent literature. (19, 20)

The HII-AKI could have relevant implications for
the clinical management of patients with acute kidney
injury. By integrating simple hemodynamic parame-
ters, this index could contribute to estimating the risk
of in-hospital mortality and the early identification of
patients with a higher probability of adverse outcomes.
It could also facilitate more accurate risk stratifica-
tion and guide monitoring or interventions according
to individual clinical profiles. The use of this tool in
intensive care units could help prioritize the alloca-

tion of resources to cases requiring close monitoring
or adjustments in hemodynamic support. In addition,
its prospective use could facilitate the evaluation of
the clinical course and therapeutic response in real-
time settings. Finally, the HII-AKI has the potential
to serve as a valuable research instrument in examin-
ing the association between hemodynamic instability
and clinical outcomes in acute kidney injury. However,
external validation is necessary before its implemen-
tation in routine clinical practice.

Among the limitations of this study, despite the
amount of data available, the retrospective analysis of
a hospital cohort could restrict the generalizability of
the findings to other settings. Additionally, while PCA
enabled the identification of key pathophysiological
axes, the selection of variables and the methodology
may influence the interpretation of results. Further
research is necessary to externally validate the HII-
AKI and explore its usefulness for the early manage-
ment of AKI.

In conclusion, a high HII-AKI is associated with
greater hemodynamic instability, inflammation, meta-
bolic disturbances, and prolonged length of hospital
stay, supporting its usefulness as a prognostic marker.
This index represents an innovative tool for assessing
hemodynamic instability in AKI, with a discrimina-
tory ability superior to other scores and biomarkers.
Its implementation in clinical practice could improve
risk stratification and optimize the therapeutic man-
agement of this vulnerable population. It is impera-
tive to conduct further research in diverse cohorts to
evaluate the generalizability of these findings.
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ABSTRACT

Background: Contrast-induced nephropathy is a significant complication of percutaneous coronary intervention (PCI), especially in
patients with comorbidities. Dynamic Coronary Roadmap (DCR) is an innovative tool that optimizes intravascular navigation and
could reduce contrast consumption without compromising the safety of the procedure.

Objective: The aim of this study was to evaluate the impact of DCR use on contrast volume reduction during PCI at a center in
Argentina.

Methods: A single-center retrospective study was conducted including 480 consecutive patients undergoing PCI between Janu-
ary 2024 and December 2024. Two groups were compared: DCR-guided PCI (n=201) and conventional angiography-guided PCI
(n=279). The total volume of contrast used, radiation exposure, and serum creatinine variation were evaluated.

Results: The DCR group showed a significant reduction in contrast volume used compared with the control group: median (inter-
quartile range, IQR) of 120 ml (90-158) vs. 140 ml (100-200), p=0.007. The average reduction, adjusted for age, sex, and procedure
complexity, was 37.3 mL per patient (95% CI 24.3-50.5 mL; p<0.001). No significant differences were observed in post-procedure
renal function or radiation exposure.

Conclusions: The use of DCR during PCI was associated with a significant reduction in contrast volume without affecting the safety
of the procedure. These findings, which are relevant in the regional context, could have a positive impact on patient safety and cost
optimization in interventional cardiology.

Key words: Percutaneous coronary intervention - Contrast-induced nephropathy - Contrast media exposure - Dynamic Coronary
Roadmap - Ionizing radiation - Patient safety

RESUMEN

Introduccion: La nefropatia inducida por contraste es una complicacion relevante de la intervencién coronaria percutanea (ICP),
especialmente en pacientes con comorbilidades. El Dynamic Coronary Roadmap (DCR) es una herramienta innovadora que optimiza
la navegacién intravascular y podria reducir el consumo de contraste sin comprometer la seguridad del procedimiento.

Objetivos: Evaluar el impacto del uso de DCR en la reduccién del volumen de contraste durante la ICP en un centro de Argentina.
Materiales y métodos: Se realizé un estudio retrospectivo unicéntrico que incluyé 480 pacientes consecutivos entre enero de 2024
y diciembre de 2024 sometidos a ICP. Se compararon dos grupos: ICP guiada por DCR (n=201) e ICP guiada por angiografia con-
vencional (n=279). Se evalu6 el volumen total de contraste utilizado, la exposicién a radiacién y la variaciéon de creatinina sérica.
Resultados: El grupo DCR presenté una reduccién significativa en el volumen de contraste utilizado en comparacién con el grupo
control: mediana (rango intercuartilico, RIC) de 120 ml (90-158) vs. 140 ml (100-200), p=0,007. La reduccién promedio, ajustada por
edad, sexo y complejidad del procedimiento, fue de 37,3 ml por paciente (IC95% 24,3 a 50,5 ml; p<0,001). No se observaron diferen-
cias significativas en la funcion renal post procedimiento ni en la exposicién a radiacion.

Conclusiones: El uso de DCR durante la ICP se asoci6 con una reduccién significativa en el volumen de contraste sin afectar la se-
guridad del procedimiento. Estos hallazgos, relevantes en el contexto regional, podrian tener un impacto positivo en la seguridad del
paciente y en la optimizacién de costos en cardiologia intervencionista.

Palabras clave: Intervencion coronaria percutanea - Nefropatia inducida por contraste - Exposicién a medios de contraste - Dynamic
Coronary Roadmap - Radiacion ionizante - Seguridad del paciente.
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INTRODUCTION

Over the last decade, the profile of patients under-
going percutaneous coronary intervention (PCI) has
changed considerably. It is increasingly common to
treat patients with advanced atherosclerosis, previous
coronary revascularization, and more complex coro-
nary anatomy. In addition, these patients often have
systemic comorbidities, such as chronic renal dysfunc-
tion or diabetes, which increase the complexity of the
procedure and raise the risk of associated complica-
tions.

In this context, the need to optimize the use of
iodinated contrast has become particularly relevant,
given that high doses can cause acute renal injury,
known as contrast-induced nephropathy (CIN). This
condition is associated with higher morbidity and
mortality, longer hospital stays, and a significant in-
crease in healthcare costs. Although CIN is a multi-
factorial phenomenon, the amount of contrast used
during PCI has been identified as one of the main risk
factors, leading to the search for new strategies to
minimize its use without compromising the diagnostic
and therapeutic efficacy of the procedure.

To address this issue, tools have been developed to
optimize contrast use during PCI. Among them, the
Dynamic Coronary Roadmap (DCR) appears to be an
innovative solution. This software projects a real-time
reference image of the coronary anatomy onto the
fluoroscopy. In this way, the DCR generates a dynamic
and automated map of the coronary arteries, superim-
posed on the live fluoroscopy image, allowing devices
(guides, balloons, and stents) to be guided more effi-
ciently and safely with less contrast use. The techni-
cal feasibility of the DCR has already been evaluated
in previous studies. In an analysis of 936 cases, the
quality of anatomical superimposition with angiog-
raphy was considered “fit for use” in 99.5% of cases,
with low inter- and intra-observer variability. These
findings support the reliability of the technology for
integration into clinical practice. (1)

The present study aims to evaluate the impact
of DCR use on contrast utilization during PCI at a
center of Argentina. Despite international evidence
supporting its efficacy, the reported local experience
is limited, which justifies the need to generate specific
data for our healthcare reality. The findings of this
study could facilitate the adoption of this technology
in interventional cardiology centers in the country,
with direct implications in patient safety, operational
efficiency, and resource optimizatio.

METHODS

This single-center, retrospective study analyzed the data-
base of the Endovascular Therapy Service at Instituto Car-
diovascular San Gerénimo (Santa Fe, Santa Fe), which has
been collecting information since 2017. The database allows
for systematic 30-day and annual follow-up, with monitor-
ing of population characteristics and technical and clinical
outcomes. Demographic data, cardiovascular history, pro-

cedures performed, and clinical evolution are analyzed.
Contrast consumption, recorded in the Radiology Report
prepared for each patient admitted to the Hemodynamics
Room, includes the amount used and radiation doses. In pro-
cedures that combine cine coronary angiography and PCI,
contrast and radiation consumption are reported separately
for each intervention.

Study population

The analysis included consecutive patients undergoing PCI
between January and December 2024, who were classified
according to whether the procedure was guided by DCR
(DCR group) or conventional angiography (control group).
In all cases, at least 25 mL of contrast was injected manu-
ally. Only cases with cardiogenic shock on admission (sys-
tolic blood pressure <100 mmHg, heart rate >100 bpm,
poor distal perfusion requiring inotropic drugs or mechani-
cal circulatory support devices) or those in whom only lat-
eral branch lesions were treated without involvement of the
main coronary arteries were excluded. No other exclusion
criteria were applied.

All procedures were performed by the same team of oper-
ators with experience in coronary intervention, in the same
catheterization laboratory and using the same angiographic
system (Azurion 3 M15, Philips).

Definitions

Complex PCI is defined as that involving the treatment of
multiple vessels, unprotected left main coronary artery ap-
proach, intervention on a venous bypass graft, management
of a true bifurcation, or treatment of lesions with severe cal-
cification requiring calcium ablation techniques or throm-
botic lesions. Ad hoc PCI is defined as PCI performed imme-
diately after diagnostic coronary angiography, while planned
PCI is performed as a scheduled intervention at a later time
after coronary angiography. CIN was defined as an increase
of 20.5 mg/dL or =25% of baseline serum creatinine within
48-72 hours after the procedure.

Outcomes

The primary objective of this study was to evaluate whether
the use of DCR reduces the total contrast volume in PCI.
The secondary objectives were to analyze the total amount
of radiation used by PCI in each group, as well as post-PCI
renal function evaluation according to the use or non-use of
DCR.

Statistical analysis

Qualitative variables are expressed as percentages and were
evaluated using the chi-square test. Quantitative variables
were subjected to normality tests (Kolmogorov-Smirnov test
or Shapiro-Wilk test, as appropriate) and histogram parame-
ter measurements were used: skewness and kurtosis. Those
variables that met the criteria for normality were expressed
as mean * standard deviation (SD), and otherwise as me-
dian and interquartile range (IQR).

Baseline demographic, clinical, and procedural charac-
teristics were compared using Student’s t-test or the Mann-
Whitney U test for continuous variables according to their
distribution, and the chi-square test or Fisher’s exact test
for categorical variables. A two-tailed significance level of
0.05 was set for all analyses.

Differences in the primary outcome (total contrast con-
sumption) as well as in the secondary outcome were evalu-
ated using Student’s t-test or the Mann-Whitney U test
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depending on their distribution and variance. Linear regres-
sion was used to evaluate the impact of DCR use adjusted
for confounding variables: age, sex, vessel treated, and PCKI
complexity.

RESULTS

This analysis included 480 cases of patients treated
with PTCI between January and December 2024, of
which 201 were guided by DCR (41.8%) and 279 by
angiography (58.2%).

Demographic variables are detailed in Table 1. No
significant differences were observed in terms of age
and sex, although patients in the DCR group had a
higher prevalence of dyslipidemia.

Table 2 reports the procedure data. There were
no significant differences between the two groups in
terms of type of procedure (ad hoc PCI vs. scheduled
PCI) or the vessel treated. There was a significant dif-
ference in the proportion of complex PCI in the DCR

branch compared with the control group (39.6% vs.
17.6%, p < 0.001).

Contrast consumption

A significant reduction in contrast use was observed
in the DCR group (median of 120 mL vs. 140 mL, p =
0.007) (Figure 1). As detailed in Table 3, this differ-
ence remains even when stratifying the data according
to procedure type and PCI complexity. These findings,
adjusted for sex, age, and procedure complexity using
a linear regression model, confirm an average reduc-
tion of 37.3 mL (95% CI 24.3 -50.5 mL; p <0.0001) of
contrast per patient in the DCR group.

Secondary outcomes

Radiation exposure during each procedure was ana-
lyzed, expressed in terms of Kerma (an indicator of
the amount of radiation emitted and received in the
working field, measured in Gy) and Dose-area prod-

Table 1. Baseline variables

Variable DCR group
(n=201)

Age, years 69 (62-75)
Male gender 78.8
BMI, kg/m? 28 (23 -31)
Diabetes mellitus 23.8
Dyslipidemia 79.7
HTN 84.9
Previous PTCA 32.1
LVEF < 30% 2

Baseline creatinine, mg/dL 0.88(0.78 - 1.0)

Control group p
(n=279)

68 (60 - 75) 0.507
75 0.819
28 (22 - 31) 0.653
21.6 0.596
67.3 0.006
86.1 0.723
30.7 0.779
2.6 0.951

0,90 (0.73-1.0) 0.896

BMI: body mass index; DCR: Dynamic Coronary Roadmap; HTN: hypertension; LVEF: left ventricular ejection fraction; PCI: percutane-

ous coronary intervention;

Continuous variables are presented as median (interquartile range) and categorical variables as percentage.

Table 2. Type of procedure and vessel treated

Variable DCR group
(n=201)
Type of procedure
Ad hoc PCI 58.1
Scheduled PCI 41.9
Treated vessel
LMCA 4.1
LAD 41.9
Cx 25.6
RCA 25
Complex PCI 39.6

Control group i]
(n=279)

53.1
46.9

0.306

7.6
37.1
33.1
25.7
17.6

0.195

< 0.001

Cx: circumflex artery; DCR: Dynamic Coronary Roadmap; LAD: left anterior descending artery; LMCA: left main coronary artery; PCl:
percutaneous coronary coronary intervention; RCA: right coronary artery

Categorical variables are presented as percentage.



DYNAMIC CORONARY ROADMAP AND CONTRAST-INDUCED NEPHROPATHY / Marcelo A. Abud et al

351

Fig. 1. Contrast consumption according to the use of DCR
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Table 3. Radiation, contrast dose, and renal function evolution according to the use or non-use of DCR

DCR group
(n=201)

120 (90-158)
100 (70-140)
41.7 (25.3-68)
517 (299-824)
0.10 (0-0.02)

Total contrast, mL
Contrast in PCI, mL
DAP, Gy.cm?
Kerma, mGy

Cr delta, mg/dL

Control group ]
(n=279)
140 (100-200) 0.007
120 (80-180) 0.001
455 (27.7-69.7) 0.846
514 (315-801) 0.567
0.10(0.01-0.2) 0.813

Cr: creatinine; DAP: dose area product; DCR: Dynamic Coronary Roadmap; PCl: percutaneous coronary intervention.

Variables are expressed as median (interquartile range).

uct (DAP; a dosimetric quantity that expresses the
total amount of radiation emitted to the patient and
is usually measured in Gy-cm2), with no significant
differences observed between the two groups (Table
3). With regard to renal function, given its direct re-
lationship with the use of contrast medium, the vari-
ation in serum creatinine (ACr) was evaluated, com-
paring the values prior to the procedure with those
recorded before discharge. No significant differences
were found between the groups.

DISCUSSION
To our knowledge, this is the first study in our region
to evaluate the impact of using the DCR on the reduc-
tion of contrast volume in PCI procedures. Our find-
ings provide relevant evidence on the applicability of
this technology in an unselected population with sig-
nificant comorbidities and complex coronary anato-
mies.

The main observations were: a) a significant re-
duction in contrast use in the DCR group (median of
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120 mL vs. 140 mL; p=0.007); b) adjusting for age,
sex, type of procedure, and PCI complexity, an aver-
age reduction of 37.3 mL per patient was observed; c¢)
no significant differences were observed in post-proce-
dural renal function or radiation exposure.

Performing complex procedures in patients with
comorbidities and challenging anatomies involves
risks that must be minimized. Among these, CIN is
a major concern, with an incidence of <1% in patients
without risk factors, (1,2) but which can rise to 10—
30% in patients with diabetes and/or chronic kidney
disease after angiography. (3,4) In addition, recent
reviews and international guidelines confirm the rele-
vance of this complication and emphasize the need for
preventive strategies. (16-18) In this context, any tool
that reduces contrast exposure without compromising
the effectiveness of the procedure becomes clinically
relevant.

The finding of a reduction in contrast require-
ments with the use of DCR is consistent with other
reports in the literature. (5-8) The multicenter ran-
domized trial DCR4Contrast demonstrated signifi-
cant reductions in contrast volume and number of
angiographic acquisitions. (9,10) Similarly, two recent
meta-analyses confirmed that the use of DCR is as-
sociated with lower contrast volume and fluoroscopy
time, without compromising the success rate of the
procedure. (11,12)

Recent studies on low-contrast PTCA techniques
highlight the integration of DCR as part of broader
strategies to minimize nephrotoxicity. (13,14) Fur-
thermore, recent reviews and international guidelines
confirm the relevance of NIC and emphasize the need
for preventive strategies. (15-18)

Although no significant differences in serum cre-
atinine variation were observed in our cohort, the
reduction in contrast supports the potential of DCR
to mitigate adverse effects. A meta-analysis of seven
studies (2020-2024) reported a lower incidence of CIN
in patients undergoing DCR-guided PCI (OR 0.50;
95% CI 0.27-0.93). (11) Likewise, complementary
technologies, such as contrast modulation systems,
have been shown to reduce contrast use and the inci-
dence of AKI. (19)

In resource-limited settings, the implementation
of DCR may represent an initial challenge in terms
of technological investment. However, its potential to
reduce contrast consumption, improve procedural ef-
ficiency, and decrease renal complications could offset
these costs in the mid-term. The progressive availabil-
ity of consoles integrated into modern angiography
systems could favor its regional adoption, especially in
centers with a high volume of procedures.

Our study has limitations: being observational, the
risk of bias persists despite multivariable adjustment,
limiting a definitive causal relationship; in addition,
the sample size may not be sufficient to detect differ-
ences in rare outcomes such as CIN.

Despite these limitations, our results provide use-
ful evidence in a regional context, where population
characteristics and access to advanced technologies
can condition the implementation of innovations. In
addition to its clinical implications, reducing contrast
volume has potential economic benefits, as CIN is
associated with higher hospital costs. (20) Resource
optimization and improved patient safety are aligned
with public health policies aimed at reducing catheter-
ization-related morbidity and improving the efficiency
of cardiovascular care.

It is worth mentioning that the adoption of DCR
in our center occurred progressively during the first
quarter of 2024. No significant differences in contrast
volumes were observed over time, suggesting a rapid
learning curve for the team and stable integration of
the tool into daily practice.

CONCLUSIONS

The use of DCR during PCI was associated with a sig-
nificant reduction in contrast volume without affect-
ing renal function or increasing radiation exposure.
These findings, consistent with previous literature,
provide relevant local evidence in a context where so-
cioeconomic variability and access to advanced tech-
nologies can influence clinical practice. The reduction
in contrast consumption not only has implications for
patient safety, but also for the optimization of health-
care costs and resources, aligning with public health
strategies aimed at improving efficiency and reducing
the morbidity associated with catheterization.
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The 21-Day Plan: Anthropometric, Biochemical, and Cardiovascular Risk
Assessment After a Lifestyle Intervention in Entre Rios, Argentina

El Plan de 21 dias: evaluacion antropométrica, bioquimica y del riesgo cardiovascular luego de
una intervencion de estilo de vida en Entre Rios, Argentina
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ABSTRACT

Background: The development of chronic noncommunicable diseases (NCDs) is largely associated with modifiable behavioral risk
factors such as unhealthy diets, physical inactivity, smoking, excessive alcohol consumption, inadequate restorative sleep, poor stress
management, and low social connectivity. Lifestyle programs that promote the systematic incorporation of healthy habits are es-
sential to prevent and control NCDs in Latin America.

Objective: To determine the impact on anthropometric and biochemical parameters, and overall cardiovascular risk before and after
a 21-Day Plan consisting of a prescribed plant-based diet and regular and personalized physical activity.

Methods: The 21-Day Plan consisted of a 21-day prescription of a plant-based diet combined with personalized physical activity,
as well as psychological and spiritual support. It aimed to assess whether this intervention could modify the aforementioned pa-
rameters in the short term to confirm its benefits and potentially incorporate it as a long-term lifestyle. Data were collected from
patients enrolled between March 2020 and October 2023, including body mass index (BMI) and laboratory parameters measured
pre- and post-intervention.

Results: Fifty-nine patients were included in the study (mean age, 47.5+12.6 years), 72.8% women. After 21 days of lifestyle inter-
vention, BMI significantly decreased from 36.3 to 35.5 kg/m? (p<0.001), total cholesterol from 191.5 to 163.6 mg/dL (p<0.001), low-
density lipoprotein cholesterol (LDL-C) from 130.4 to 107.6 mg/dL (p<0.001), triglycerides from 145.5 to 112.5 mg/dL (p<0.001),
atherogenic index from 4.2 to 3.7 mg/L (p<0.001), high-sensitivity C-reactive protein (hs-CRP) from 4.2 to 2.3 mg/dL (p<0.001).
Overall 10-year cardiovascular risk did not show statistically significant changes.

Conclusion: This lifestyle intervention was effective in significantly reducing anthropometric and biochemical parameters in the
short term. A larger sample size, longer intervention duration, and longer follow-up are needed to demonstrate a significant reduc-
tion in long-term cardiovascular risk.

Key words: Cardiovascular risk — Lifestyle Medicine — Cholesterol — High-sensitivity CRP - Atherogenic index
RESUMEN

Introduccion: El desarrollo de enfermedades crénicas no transmisibles (ECNT) estd asociado en gran parte a factores de riesgo
conductuales modificables como dietas poco saludables, inactividad fisica, tabaquismo, consumo excesivo de alcohol, falta de suefio
reparador, bajo control del estrés y pobre conectividad social. Programas de estilo de vida que fomenten la incorporacién sistematica
de habitos saludables son necesarios para ayudar en la prevencién y control de las ENT en Latinoamérica.

Objetivo: Determinar el impacto a nivel antropométrico, de parametros bioquimicos y del riesgo cardiovascular global, antes y
después de un plan de 21 dias consistente en la prescripcién de dieta basada en plantas y actividad fisica regular y personalizada.
Material y métodos: El “Plan de 21 dias” const6 de 21 dias de prescripcién de dieta basada en plantas, mas actividad fisica perso-
nalizada junto con apoyo psicolégico y espiritual, y buscé comprobar si dicha prescripcién lograba modificar los pardmetros antes
mencionados a corto plazo, con el objetivo de corroborar sus beneficios y poder incorporarlo como estilo de vida definitivo. Se recopi-
laron datos de pacientes inscriptos entre marzo de 2020 y octubre de 2023, relativos al indice de masa corporal (IMC) y parametros
de laboratorio medidos antes y después de la intervencion.

Resultados: Se incluyeron 59 pacientes con una media de edad de 47,5+12,6 anos, 72,8 % mujeres. Luego de 21 dias de intervencién
de estilo de vida se redujeron significativamente el IMC de 36,3 a 35,5 kg/m2 (p<0,001), el colesterol total de 191,5 a 163,6 mg/dL
(p<0,001), el colesterol LDL de 130,4 a 107,6 mg/dL (p<0,001), los triglicéridos de 145,5 a 112,5 mg/dL (p<0,001), el indice aterogé-
nico de 4,2 a 3,7 (p<0,001), y la proteina C reactiva (PCR) ultrasensible de 4,2 a 2,3 mg/dL (p<0,001). El riesgo cardiovascular global
a 10 afios no experimenté cambios significativos.

REv ARGENT CARDIOL 2025;93:354-361. https://doi.org/10.7775/rac.v93.i5.20926

Received: 04/16/2025 — Accepted: 06/23/2025

Correspondence: Luis Mantilla: E-mail: luisemanti@gmail.com

@ @ @ @ https://creativecommons.org/licenses/by-nc-sa/4.0/
BY NC SA

©Revista Argentina de Cardiologia

! Adventist Sanatorium of the River, Libertador San Martin, Entre Rios, Argentina



LIFESTYLE MODIFICATION AND CARDIOVASCULAR HEALTH / Daiana M. Piccini et al.

355

Conclusion: Esta intervencién de estilo de vida fue favorable para reducir significativamente a corto plazo los parametros antro-
pométricos y bioquimicos estudiados. Son necesarios méas pacientes, duracién de la intervencién y tiempo de seguimiento para de-
mostrar una reduccion significativa del riesgo cardiovascular a largo plazo.

Palabras clave: Riesgo cardiovascular - Medicina de Estilo de Vida - Colesterol - PCR ultrasensible - Indice aterogénico

INTRODUCTION

Chronic noncommunicable diseases (NCDs) are the
leading cause of death and disability worldwide. In the
Americas, they account for approximately 5.5 million
deaths annually, about 50% of which occur in people
aged 30-69 years. (1)

NCDs are associated with modifiable behavioral
risk factors such as unhealthy diets, physical inac-
tivity, smoking, excessive alcohol consumption, in-
adequate restorative sleep, poor stress management,
and low social connectivity, which contribute to the
development of obesity, fatty liver, hypertension, dys-
lipidemia, and insulin resistance. (2)

Lifestyle Medicine (LM) is a discipline that pro-
motes, based on scientific evidence, the prescription of
healthy habits aimed at the prevention and manage-
ment of NCDs. It includes interventions that encour-
age healthy eating, regular physical activity, stress
management, restorative sleep, avoidance of risky
substances, and positive social connections. (3)

Among the most effective LM interventions are
plant-based diets, characterized by the predominance
of plant-based foods and the partial or total exclusion
of animal products, with proven benefits in type 2 dia-
betes, hypertension, dyslipidemia, and obesity. (4)

Several studies have evaluated these effects: the
Adventist Health Study 2 reported lower cardiovascu-
lar mortality in vegetarians and vegans in comparison
with omnivores, (5) while the Atherosclerosis Risk in
Communities (ARIC) study showed that higher adher-
ence to an overall plant-based diet index is associated
with lower cardiovascular risk. (6) The EPIC-Oxford
study found a lower incidence of coronary artery dis-
ease in vegetarians compared to omnivores, (7) and
the BROAD study demonstrated significant reduc-
tions in body mass index (BMI), lipid profile, and gly-
cated hemoglobin in patients with obesity or cardio-
vascular disease. (8)

Chronic stress, defined as sustained neurohormo-
nal activation in response to adverse situations, is a
significant cardiovascular risk factor that promotes
low-grade chronic inflammation, endothelial dysfunc-
tion, and progression of atherosclerosis. (9)

Regular physical activity not only improves car-
diovascular and metabolic health but also promotes
mental well-being, cognitive function, sleep quality,
and social interaction; it encourages healthy coping
mechanisms and enhanced self-perception. Physical
exercise has been shown to reduce blood pressure, im-
prove the lipid profile, increase insulin sensitivity, and
decrease low-grade systemic inflammation. (10) In ad-
dition, prospective studies such as the Harvard Alum-

ni Health Study and the Aerobics Center Longitudinal
Study have confirmed that sufficient physical activity
is associated with a lower incidence of coronary artery
disease, stroke, type 2 diabetes, and all-cause mortal-
ity. (11,12)

Insufficient or poor-quality sleep is associated with
an increased risk of hypertension, obesity, insulin re-
sistance, and cardiovascular disease. Improving sleep
duration and quality has demonstrated beneficial ef-
fects on the immune system, hormonal balance, and
appetite regulation. (13)

Likewise, positive social connections are protec-
tive factors against cardiovascular disease, cognitive
impairment, and premature mortality. Social isolation
and loneliness have been shown to exert a negative
impact comparable to that of traditional risk factors
such as hypertension or obesity. (14)

Furthermore, within a framework of spirituality
that transcends religiosity and involves a set of moral,
emotional, and behavioral values and attitudes to-
ward the world, there is growing evidence of its ben-
efits in terms of cardiovascular risk, mortality, and, in
particular, blood pressure control. (15)

New community health programs are needed to
promote the adoption of healthy habits. Therefore,
the objective of this study was to determine the im-
pact of a lifestyle intervention, referred to as the “21-
Day Plan” on the anthropometric and biochemical
parameters as well as cardiovascular risk in a group
of patients who regularly attended a private health-
care facility in Entre Rios between March 2020 and
October 2023.

METHODS

This study was conducted in the province of Entre Rios,
Argentina, over a period of 3 years and 6 months. Patients
referred from different medical specialties were invited to
participate. After being duly informed about the project,
they voluntarily decided to enroll in the 21-Day Plan, which
involved a specific cost paid by each participant. The iden-
tity and personal information of participants were kept con-
fidential throughout the process.

Adults aged 18 years or older were invited to participate
in the research by signing an informed consent form includ-
ed in the admission document. All activities related to the
development and implementation of the study complied with
the principles of the Declaration of Helsinki. (16)

A total of 171 people registered, of whom 59 met the in-
clusion criteria, regardless of nationality, race, sex, religion,
age, pre-existing conditions, or treatments. All participants
were from Argentina and Uruguay.

Inclusion criteria required participants to have at least
one modifiable and measurable risk factor (hypertension,
dyslipidemia, type II diabetes, obesity), acceptable func-
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tional capacity (FC I and FC II according to the New York
Heart Association scale) to carry out the physical activities
involved in the plan, and adequate cognitive ability to under-
stand the tasks to be performed.

A subgroup of patients not covered by the cardiovascular
risk score used in this study was excluded, based on stand-
ardized variables within the score (age between 40 and 79
years, total cholesterol between 155 and 309 mg/dL). Due to
the virtual format adopted partly because of the COVID-19
pandemic and partly due to the geographical origin of some
participants as well as the impossibility of collecting com-
plete laboratory and clinical data, an additional 110 patients
were excluded.

A quasi-experimental, pre- and post-, single-group, ana-
lytical and descriptive study was conducted in both face-to-
face and virtual formats, involving a multidisciplinary team
of professionals from Cardiology, Nutrition, Psychology,
Chaplaincy, and Physical Education.

Data collection was performed between March 2020 and
October 2023, following both face-to-face and virtual inter-
views with the Lifestyle Medicine team. (17) BMI was cal-
culated as weight in kilograms divided by height in meters
squared. Based on BMI, patients were classified into three
categories: normal weight (<25 kg/m?), overweight (=25 and
<30 kg/m?) and obesity (=30 kg/m?), which was further di-
vided into grade 1 (=30 and < 35 kg/m?), grade 2 (=35 and
<40 kg/m?) and grade 3 (= 40 kg/m?).

Fasting blood samples were collected before starting the
plan and immediately after its completion, using Abbott
Alinity automated analyzers. (18) The following param-
eters were measured: lipid profile and atherogenic index,
complete blood count, blood glucose, insulin, and glycated
hemoglobin, renal function (urea and creatinine), vitamin D,
vitamin B12, homocysteine, and high-sensitivity C-reactive
protein (hs-CRP).

The World Health Organization (WHO) cardiovascular
risk chart was used to estimate the overall 10-year cardio-
vascular risk. (19)

The 21-Day Plan consisted of 21-day prescription of a
plant-based diet combined with personalized physical activ-
ity, as well as psychological and spiritual support. It aimed
to assess whether this intervention could modify the afore-
mentioned parameters in the short term to confirm its ben-
efits and potentially incorporate it as a long-term lifestyle.
Participants received a schedule of appointments assigned
by time slots and for the same day, and a roadmap designed
by the Lifestyle Medicine team (see Annex 1).

The cardiologist took each patient’s case history, includ-
ing, personal data, personal and family history, previously
diagnosed conditions, and current treatment, as well as a
physical examination and identification of any symptoms
that might contraindicate physical activity. The cardiologist
also ordered blood tests and any other preliminary studies
necessary according to each patient’s risk.

Physical trainer provided a personalized and progres-
sive exercise program, specifying frequency and intensity,
according to each patient’s characteristics and ability to
perform the prescribed activities, and based on the cardi-
ologist’s prior assessment. Nutrition Department provided
a plant-based diet plan with various food options and daily
guidelines (see Annex 2), as well as a weekly virtual work-
shop.

The psychologist and the team chaplain provided psy-
chological and spiritual support during the intervention,
with face-to-face or virtual follow-up (via video call or What-
sApp group). In addition, virtual workshops were held via

Zoom, each addressing specific topics presented by the cor-
responding professional and offering space for questions and
experience sharing.

Data was entered and analyzed using JASP statisti-
cal package, version 0.95.0 for Windows. For univariate
analysis, frequencies, means, and standard deviations were
calculated according to the type of variable. For bivariate
analysis, paired t-test or Wilcoxon signed-rank sum test was
performed, depending on the variable normality, with a 95%
confidence level.

RESULTS

Of the 171 enrolled participants, 59 were included in
the study (mean age, 47.5+12.6 years); 43 were wom-
en (72.8%). Eighteen patients (30.5%) had hyperten-
sion, and 17 (28.8%) had dyslipidemia.

Ten patients (16.9%) had type 2 diabetes mellitus.
Among included participants, 18.6% were overweight
and 62.6% had some degree of obesity (23.7% had
grade 1 obesity). Seventeen patients had hypothyroid-
ism (28.8%). Table 1 shows baseline characteristics of
the study participants

After implementation of the 21-Day Plan, a sig-
nificant reduction was observed in the following
parameters: body mass index from 36.3 to 35.5 kg/
m? (p<0.001), total cholesterol from 191.5 to 163.6
mg/dL (p<0.001), LDL-C from 130.7 to 107.6 mg/
dL (p<0.001), triglycerides from 145.5 to 112.5 mg/
dL (p<0.001), the atherogenic index from 4.2 to
3.7 (p<0.001), and hs-CRP from 4.2 to 2.3 mg/dL
(p<0.001). Anthropometry and laboratory measure-
ments are shown in Table 2.

Among the 41 participants with complete meas-
urements pre- and post-intervention, cardiovascu-
lar risk according to the WHO risk score was low in
68.3%, moderate in 4.9%, high in 19.5%, and very high
in 7.3% before implementation of the 21-Day Plan.
After implementation of the plan, 4 patients moved
from high to moderate risk: the high-risk category
decreased to 9.8%, and moderate risk increased to
14.6%; these changes were not statistically significant
(p=0.351). Table 3 summarizes cardiovascular risk
classification.

DISCUSSION

In light of the study objectives and of previous re-
search conducted by pioneers and organizations in
the field of LM (20) ), based on the results obtained,
we can state that a plant-based diet combined with
regular physical activity positively impacts on physi-
cal health. (21)

Specific macro- and micronutrients within a pre-
dominantly plant-based dietary pattern help reduce
low-density lipoprotein cholesterol (LDL-C). It has
been shown that, with appropriate diet and lifestyle
changes, approximately 80% of premature cardiovas-
cular mortality may be prevented. (22)

Despite the ongoing controversy regarding the
role of elevated triglycerides as an independent car-
diovascular risk factor, epidemiological, clinical, and
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Table 1. Baseline characteristics of the study participants (n=59)

Variable n %
Female sex 43 72.88
Age, years (mean +SD) 47.5+12.6

Overweight 11 18.6
Grade 1 obesity 14 23.7
Grade 2 obesity 11 18.6
Grade 3 obesity 12 20.3
Type 2 diabetes mellitus 10 16.9
Smoking 1 1.7
Dyslipidemia 17 28.8
Hypertension 18 30.5
Peripheral arterial or venous disease 5 8.5
Pacemaker 3 5.08
Hypothyroidism 17 28.8
Cancer 4 6.8
Bariatric surgery 2 3.4
Depression 10 16.9
Hematologic disease 3 5.1
Neurologic disease 5 8.5
Rheumatic disease 4 6.8
Regular medication
Beta-blockers 9 15.3
Oral antidiabetic agents 10 16.9
Antihypertensive agents 15 25.4
Lipid-lowering agents 16 27.1
Hormone replacement therapy and/or vitamins 22 37.3
Antidepressant agents 11 18.6
Benzodiazepines 6 10.2
Antiplatelet agents 2 3.4
Diuretics 4 6.8

SD: standard deviation

pathophysiological evidence indicate that, particular-
ly in patients with insulin resistance, triglycerides are
a key etiopathogenic factor in the process related to
the development of atherosclerosis and cardiovascular
disease. (23)

Regarding the atherogenic index, a recent clinical
study published in January 2024 demonstrated that
it may serve as an effective marker of future cardio-
vascular events in the general population, including
patients with and without diabetes, and that its moni-
toring and management may provide additional car-
diovascular benefits even in individuals without tradi-
tional risk factors. (24)

Obesity has been associated with alterations in
hemodynamic, autonomic, and hormonal pathways,
resulting in a spectrum of cardiovascular changes,
from subclinical structural heart abnormalities to
overt heart failure. (25)

A major study collected individual-level data from
1 518 028 subjects from 112 cohort studies conducted

in eight geographic regions, and assessed five cardio-
vascular risk factors: body mass index, systolic blood
pressure, non-HDL cholesterol, current smoking, and
diabetes, because of their impact on cardiovascular
disease (CVD) and all-cause mortality. The five modi-
fiable risk factors accounted for a population-attrib-
utable fraction of CVD of 57.2% in women and 52.6%
in men and a population-attributable fraction of all-
cause mortality of 22.2% in women and 19.1% in men,
with elevated systolic blood pressure being the leading
contributing factor. (26)

Among the available inflammatory biomarkers, hs-
CRP is an independent and significant risk marker of
ischemic cardiovascular disease, as it plays a vital role
in atherogenesis. Inhibition of hs-CRP might be an in-
novative, effective, and safe therapy for the treatment
of ischemia and myocardial and cerebral infarctions
(27,28) .

Finally, regarding the close relationship between
psychological health, well-being, and the mind-heart-
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Table 2. Anthropometric and laboratory parameters of participants pre- and post-intervention

Pre-intervention

Post-intervention

Mean
Body mass index, kg/m? 49 36.3
Uric acid, mg/dL 33 5.5
hs-CRP, mg/dL 40 4.2
Hematocrit, % 56 41.0
Hemoglobin, g/dL 56 13.3
Leukocytes, thousand/uL 56 6.6
Total cholesterol, mg/dL 59 191.5
HDL cholesterol, mg/dL 57 46.5
LDL cholesterol, mg/dL 59 130.7
Triglycerides, mg/dL 58 145.5
Triglyceride/HDL ratio 57 34
Atherogenic index 57 4.2
Blood glucose, mg/dL 56 100.5
Creatinine, mg/dL 52 0.78
Urea, mg/dL 41 29.2
Vitamin B12, pg/mL 43 632.5
Vitamin D, ng/mL 45 28.8
Homocysteine, pmol/L 29 7.9
Glycated hemoglobin, % 27 5.7
Insulin, IU/mL 29 18.9

hs-CRP = high-sensitivity C-reactive protein

Mean
8.9 43 35.5 8.3 <0.001
1.9 22 5.0 1.4 0.057
3.3 39 2.3 2.1 <0.001
3.7 52 40.9 3.5 0.257
1.5 52 13.4 1.2 0.127
1.5 52 6.5 1.7 0.113
43.4 58 163.6 336 <0.001
9.9 58 445 9.3 0.020
45.0 59 107.6 35.0 <0.001
74.7 59 112.5 54.9 <0.001
2.2 57 2.6 1.5 0.029
1.2 57 3.7 0.9 <0.001
27.9 55 96.4 15.6 0.041
0.20 51 0.7 0.13 0.187
1.3 46 252 9.6 0.016
622.8 9 365.5 252.8 0.813
11.2 9 241 6.4 0.877
2.5 14 9.2 1.9 1.000
1.15 19 5.9 1.2 0.030
12.07 23 24.9 19.2 0.646

Table 3. Cardiovascular risk of participants according to WHO classification

Pre-intervention

Low risk 28
Moderate risk 2
High risk 8
Very high risk 3

WHO: World Health Organization

body connection, this topic warranted a specific 2021
AHA statement, which emphasized the importance of
considering psychological health in the assessment and
management of patients with or at risk for CVD. (29)

Based on the scientific evidence and the results
obtained regarding reductions in BMI, total and LDL
cholesterol, triglycerides, atherogenic index, hs-CRP,
and overall cardiovascular risk, we highlight the
strengths of this study and its potential for systemic
and long-term application.

As main limitations, we should note that not all
blood pressure and laboratory measurements were ob-
tained both pre- and post-intervention, partly because
some consultations were virtual and some patients

Post-intervention

%

68.3 28 68.3
4.9 6 14.6
19.5 4 9.8
7.3 3 7.3

without medical coverage were unable to complete
the laboratory tests. The intervention lasted 21 days,
which may have influenced the absence of statistical
significance in the variation of estimated long-term
cardiovascular risk. An extended follow-up method-
ology has not yet been developed to verify adherence
to lifestyle changes and the persistence of these out-
comes.

CONCLUSIONS

The 21-Day Plan demonstrated the short-term ben-
efit of a plant-based diet and the implementation of
regular physical activity, psychological and spiritual
support for stress management and emotional sup-
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port on the studied anthropometric and laboratory
parameters, which directly impacted on overall car-
diovascular risk.
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SUPPLEMENTARY MATERIAL

Annex 1. 21-Day Plan: Roadmap - October 2023

Friday, September 28

Monday, October 2

Monday, October 2 to Wednesday,
October 4

Thursdays, October 5-26

WhatsApp group

Monday, October 30

Tuesday, November 5

Recommendations:
If possible, get a juicer or blender to prepare the recipes for the first few days of the Plan.

Find a “buddy” to accompany you in adopting the 21-Day Plan habits (family member, friend, partner, etc.).
Throughout the many plan editions, we have observed that making these changes alongside someone close
greatly facilitates their implementation.

You will be added to a WhatsApp group created for the 21-Day Plan. Additional information will
be shared there, and professionals will be available to answer questions.

Face-to-face interviews at the private healthcare facility, or virtual interviews via video
call. The meal plan and shopping list will be provided. The following days will be spent familiariz-
ing yourself with the plan and obtaining the ingredients. meal plan and a shopping list. The fol-
lowing days are intended to get familiar with the meal plan and gather the necessary ingredients.

Preparation: Purchase the ingredients for the meal plan and clarify any questions with the
nutritionists.

Begin implementing habits related to physical activity, hydration, sleep, and stress management
Virtual workshops via Zoom at 8 p.m.

This space will provide opportunities to share experiences and ask questions. Each professional
involved in the Plan will present a specific topic.

e Thursday, October 5: “Eating with Calm"” — Psychology Workshop.

e Thursday, October 12: “Preparing a Healthy Plate” —Nutrition Workshop

e Thursday, October 19: “In Search of Lost Muscle” — Physical Activity Workshop

e Thursday, October 26: “Let's Face It, We're a Walking Zoo" — Cardiometabolic Workshop

Originally, the Plan was designed for individual participation, but after more than 20 editions, we

have confirmed the value of making lifestyle changes together.

Thus, a WhatsApp group was created to share experiences, photos of daily activities and meals,

and to encourage one another throughout the program. Participation is recommended but op-

tional.

We understand that group chats can sometimes be overwhelming due to the volume of shared

messages, and some participants may be more comfortable than others. Therefore, we encour-

age everyone to keep the group balanced by sharing content that contributes and enriches the

collective experience without overloading the space.

Proposed times for group interaction:

e 8-10 a.m.: Share your experience, ask questions, encourage your peers, and receive guidance
from professionals in spiritual, nutritional, and physical activity fields.

e 6-9 p.m.: Share your experience, ask questions, encourage your peers and receive guidance
from professionals in psychological and medical fields.

Evaluation and closing interviews with each professional. Maintenance goals will be based on
what was achieved during the 21-Day Plan.

These interviews will take place at the same time as the initial ones. If you have any issues attend-
ing them, please contact us: estilodevida@sanatorioadventista.org.ar

Note: Body composition assessments and laboratory tests will also be repeated on this date.
Closure of the WhatsApp group.

Alink to the 27-Day Plan Alumni WhatsApp group will be sent to those who wish to stay in touch
with the professionals and other participants from previous editions.
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ANNEX 2

Lifestyle Medicine: 21-Day Plan. Nutrition Guide

Day 1

Day 2

Day 3

Day 4
Day 5

Day 6

Day 7 to 21

Day 22 onwards

Plan Summary
Juices and supplements

Juices, fruits, vegetables, whole grains,
nuts, and seeds

Same as day 2 + cooked vegetables and
legume-based dressings

Raw and cooked vegetables,
whole grains, and fruit

Same as day 4 + legumes

Varied menu

New lifestyle applying what
you have learned

General Recommendations
Rest schedule: never after 11 p.m. Ideally, bedtime
should be between 9 p.m. and 10 p.m., without screen
exposure.
Hydration: drink at least 2 liters of water per day, in-
cluding the recommended homemade flavored waters.
Physical activity: commit to exercising at least 30-45
minutes every day.
Foods to avoid: all types of meat and meat products,
dairy products and eggs, white (refined) flour, sugar in
any form, and processed foods.
Eating habits: chew food thoroughly, avoid snacking
between meals, eat at regular times, and do so without
distractions and in a pleasant environment
Food portions: these will be defined according to each
person’s caloric and nutritional requirements. Please
note how the quantities are indicated, either in the table
below or as specified by the professional. Follow the rec-
ommended amounts of food and preparations.
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ABSTRACT

Background: Adherence to statin therapy in secondary cardiovascular prevention remains a clinical challenge. Medical misinforma-
tion, especially through digital media, has been identified as a possible contributing factor to this problem.

Objective: To describe the reasons for patients' reluctance to use statins in secondary prevention., according to the perception of
health professionals in Argentina.

Methods: An anonymous and voluntary survey was conducted between March and April 2025, distributed through the Argentine
Society of Cardiology, with the participation of 638 health professionals. Data were collected on the frequency and reasons for statin
refusal, perception of recent changes, and acceptance of other therapies.

Results: A total of 40.9% of respondents reported recent rejection of statins. The main reasons were adverse events (53.4%) and the
influence of negative digital information (50.5%). Other factors included advice from third parties, controversial medical indications,
economic reasons, and autonomous decisions. Other therapies were accepted by 74% of patients who rejected statins, and 66.6% of
professionals noted an increase in this trend.

Conclusions: Reluctance to use statins represents a growing threat to cardiovascular prevention in Argentina. The results highlight
the impact of medical misinformation on therapeutic decisions. It is essential to implement educational and communication strate-
gies aimed at professionals and patients to reverse this trend.

Keywords: Statins - Secondary prevention - Treatment adherence - Medical misinformation - Nocebo effect - Cardiovascular diseases
RESUMEN

Introduccion: La adherencia al tratamiento con estatinas en prevencién secundaria cardiovascular sigue siendo un desafio clinico.
La desinformacién médica, especialmente a través de medios digitales, ha sido identificada como un posible factor que contribuye a
esta problematica.

Objetivo: Describir las razones de la reticencia al uso de estatinas por parte de pacientes en prevencion secundaria, segin la percep-
cién de los profesionales de la salud en Argentina.

Material y métodos: Se realizé una encuesta anénima y voluntaria entre marzo y abril de 2025, distribuida mediante la Sociedad
Argentina de Cardiologia. Participaron 638 profesionales de la salud. Se relevaron datos sobre frecuencia y motivos de rechazo a
estatinas, percepcion de cambios recientes, y aceptacion de otras terapias.

Resultados: El 40,9% de los encuestados report6 rechazo reciente a estatinas. Los motivos principales fueron: eventos adversos
(563,4%) e influencia de informacién digital negativa (50,5%). Otros factores incluyeron consejos de terceros, indicaciones médicas
contrarias, motivos econémicos y decisiones auténomas. El 74% de los pacientes que rechazaron estatinas aceptaban otras terapias.
El 66,6% de los profesionales noté un aumento en esta tendencia.

Conclusiones: La reticencia al uso de estatinas representa una amenaza creciente para la prevencién cardiovascular en Argentina.
Los resultados destacan el impacto de la desinformacién médica en decisiones terapéuticas. Es esencial implementar estrategias
educativas y comunicacionales dirigidas a profesionales y pacientes para revertir esta tendencia.

Palabras clave: Estatinas - Prevencion secundaria - Adherencia al tratamiento - Desinformacién médica - Efecto nocebo - Enferme-
dades cardiovasculares
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INTRODUCTION

Adherence to statin therapy in secondary prevention
of cardiovascular events remains a significant clinical
challenge. Several international studies have reported
a growing proportion of patients who refuse or dis-
continue statins, even when their medical indication
is clear. This phenomenon is developing in a context
where the increasing dissemination of unverified
medical information further complicates this picture,
particularly through social media and digital plat-
forms. (1)

The Argentine Society of Cardiology (SAC) de-
signed a national survey to explore the frequency and
reasons for refusing statin treatment in patients with
an indication for secondary prevention, according to
the perception of healthcare professionals. The objec-
tive of this study is to identify the most relevant fac-
tors linked to therapeutic reluctance.

METHODS

Study design and population

A national, anonymous, voluntary survey was conducted be-
tween March and April 2025. It was distributed through the
SAC's institutional registry and social media networks. The
REDCap platform (Research Electronic Data Capture, Van-
derbilt University, Nashville, TN, USA) was used to support
the survey. (2)

Healthcare professionals from across the country were
invited to participate, including physicians who treated pa-
tients in the context of secondary cardiovascular prevention.
The survey consisted of closed-ended multiple-choice ques-
tions aimed at identifying the frequency, causes, and percep-
tion of changes in patient behavior.

Variables surveyed

Demographic variables were collected from respond-
ents (specialty, region), frequency of recent refusal (last 2
months), and causes attributed to it. Respondents were also
asked whether patients who refused to use statins accepted
other cardiovascular therapies, and whether physicians per-
ceived an increase in this trend.

Statistical analysis

Descriptive statistics were used to summarize the data. Cat-
egorical variables were expressed in absolute and relative
frequencies (percentage). No statistical comparisons or in-
ferences between groups were made, given the exploratory
nature of the study and the absence of a formal prior hy-
pothesis.

Ethical considerations

The study was conducted under the ethical principles of
the Declaration of Helsinki.(3) Since it was an anonymous
survey, with no collection of sensitive patient data or direct
intervention, formal informed consent or evaluation by an
ethics committee was not necessary. Participation was com-
pletely voluntary, with no financial compensation.

RESULTS

A total of 638 healthcare professionals from all regions
of the country, with the exception of the province of La
Pampa, responded to the survey. The majority were
cardiologists (84.4%; n=538). Forty-point-nine per-

cent (n=261) reported having received explicit refusal
to use statins from patients in secondary prevention
during the previous two months. The reasons most
frequently cited by these 261 physicians were the oc-
currence of adverse events (53.4%; n=135) and the
influence of negative information from digital media
(50.5%; n=132). Other reasons included recommen-
dations from family or friends (46.7%; n=122), con-
troversial advice from another professional (28.3%;
n=74), economic reasons (21.8%; n=57), and au-
tonomous decisions without apparent cause (15.7%;
n=41). A total of 6.5% (n=17) reported that the pa-
tient had consulted artificial intelligence tools as the
reason for discontinuation. (Figure 1)

A noteworthy finding was that, within this 40.9%
who reported having received a refusal to use statins,
74% (n=193) described having received acceptance of
other cardiovascular medications. Furthermore, with-
in that same group, 66.6% (n=174) perceived a recent
increase in the frequency of treatment refusal.

DISCUSSION

The survey results reflect a worrying trend: a consid-
erable proportion of patients with a formal indication
for statins in secondary prevention refuse to start
or continue treatment. Furthermore, this problem
seems to be specific to this pharmacological group, as
we could see that patients did not refuse the use of
other drugs indicated for cardiovascular prevention in
the same proportion. This behavior is often attributed
to the occurrence of mild adverse events, or the fear
that they will occur, and the influence of discouraging
content on social media, a combination that reflects
the growing digital misinformation in health.

The situation observed in Argentina is in line
with international reports. In the PALM registry in
the United States, 26.5% of patients with statin in-
dication were not undergoing treatment. Within this
group, 10.1% had refused to start therapy and 30.7%
had discontinued it, with fear of adverse effects and
perceived lack of safety being the most common rea-
sons. (1) In Europe, studies such as EUROASPIRE
V and SANTORINI reveal that less than 30-50% of
patients achieved the recommended low density lipo-
protein cholesterol (LDL-C) targets, despite being on
treatment, (4,5) suggesting both underprescription
by healthcare personnel and poor adherence by pa-
tients. In Argentina, the registry carried out by CON-
AREC (National Council of Cardiology Residents) in
2020 already showed that only 85.9% of patients re-
ceived statins for secondary prevention, and only 30%
achieved therapeutic LDL-C targets. Once again, we
find the main causes in this registry to be adverse ef-
fects, fear of experiencing them, and underprescrip-
tion by physicians. (6)

Despite extensive evidence on the safety of statins,
there remains a marked discrepancy between per-
ceived adverse effects and those actually observed in
clinical trials. In randomized, double-blind studies,
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Figure 1. Reasons for statins rejection in secondary prevention

160
= Adverse events
140
m Digital information
w 120
]
S 100 Third parties opinion
o
% 30 = Contradictory medical opinion
a .
_g 60 = Economic reasons
=} .. .
Z 40 = Autonomous decisions without clear
cause
20 Al opinion
0

Al: artificial intelligence

the rates of myalgia and other reported adverse effects
are similar between statins and placebo, indicating
that a significant proportion of symptoms attributed
to treatment are not directly caused by the drug. (7)
Severe myopathies with marked elevation of creatine
phosphokinase (CPK) (>10 times the upper normal
limit) are a rare event, with an estimated incidence
of between 1 per 1000 and 1 per 10 000 patients/year,
depending on the dose and predisposing factors. (8)

In contrast, in both clinical practice and observa-
tional studies, between 7% and 29% of patients report
nonspecific muscle symptoms with normal or mini-
mally elevated CPK, which contributes significantly
to treatment discontinuation. (8-10) This discrepancy
has been linked to the nocebo effect, demonstrated in
trials such as SAMSON and StatinWISE, where more
than 90% of reported muscle symptoms also appeared
with placebo, reinforcing the role of expectations in
the perception of adverse effects. (11,12)

On the other hand, suboptimal adherence to
statins is directly associated with increased mortality
and adverse cardiovascular events. In a cohort study
of more than 300 000 patients, an inverse relation-
ship between adherence and all-cause mortality was
evident, reinforcing the clinical impact of therapeutic
persistence. (13)

Given this scenario, it is essential to develop strate-
gies to rebuild confidence in statins as a pillar of cardio-
vascular prevention. Evidence shows that multifaceted
interventions, combining clinical support, personal-
ized education, contextual adaptation, and interactive
assistance, improve adherence, increase appropriate
prescribing, and are associated with greater reductions
in LDL-C when applied concurrently.(14) Likewise,
shared decision-making, together with the use of clear
and understandable visual tools, has been shown to

promote a better perception of cardiovascular risk and
a greater willingness to initiate and sustain therapy,
an approach that is emphasized by the 2019 ACC/AHA
guidelines for cardiovascular prevention. (15)

On the other hand, it is necessary to recognize the
role that the digital environment plays in the con-
struction of meanings. Evidence suggests that misin-
formation related to statins circulates widely on so-
cial media, where subjective experiences and negative
narratives gain disproportionate visibility. Qualitative
studies show that digital discourse around statins is
highly polarized, with reports of perceived adverse
effects influencing therapeutic decision-making. (16)
In this regard, digital health literacy and the devel-
opment of accessible and consistent communication
tools are essential to counteract misperceptions and
promote evidence-based decisions.

CONCLUSIONS

The therapeutic reluctance observed in this survey
poses a real challenge for cardiovascular prevention in
Argentina. Overcoming it requires a coordinated re-
sponse: strengthening doctor-patient communication,
promoting sustained educational interventions, us-
ing reliable digital resources, and encouraging shared
decision-making. The Argentine Society of Cardiol-
ogy emphasizes the need to promote actions aimed
at both professionals and the community to restore
confidence in essential therapies such as statins and
promote informed, rational clinical decisions oriented
toward comprehensive cardiovascular health care.
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Epicardial Adipose Tissue and its Association with Cardiac Morphological
Abnormalities and Markers of Diastolic Dysfunction

Grasa epicardica y su relacion con alteraciones morfoldgicas cardiacas y marcadores de
disfuncion diastdlica

EZEQUIEL FORTE"®, PEDRO BECERRA', CARLOS BUSO"®, VALERIA CALZIA"®, FIORELLA CHICOTE', SANTIAGO LYNCH" @,
JUAN NAVARRO', HUGO SANABRIA™

ABSTRACT

Background: Epicardial adipose tissue (EAT) is a layer of visceral fat located between the myocardium and the visceral pericardium.
Increased EAT functions as a metabolically active organ and has been linked to heart failure with preserved ejection fraction (HF-
pEF).

Objective: The aim of this study was to assess EAT thickness measured by echocardiography in a group of patients with type 2 dia-
betes mellitus (T2DM) and to evaluate its relationship with parameters of diastolic dysfunction (DD) as an early marker of HFpEF.
Methods: EAT was evaluated in 86 patients with T2DM and no cardiovascular disease (mean age 56 years; 53% women; 63% obesity;
67% hypertension).

Results: Mean EAT thickness was 7.07 + 3.09 mm; 65% had EAT > 5 mm and 45% > 7 mm. Patients with EAT > 5 mm showed
significantly > 2 DD criteria (42.9% vs. 6.7%, p = 0.001). Increased EAT was associated with higher left atrial volume and septal e”
velocity < 7 cm/s. A progressive increase in mean EAT thickness was observed with the number of DD criteria (8.56 mm with two
criteria; 9.8 mm with three criteria).

Conclusion: EAT is associated with subclinical structural and functional cardiac abnormalities and may serve as an early marker of
DD and HFpEF in patients with T2DM.

Keywords: Epicardial adipose tissue - Diastolic dysfunction - Heart failure with preserved ejection fraction - Type 2 diabetes
RESUMEN

Introduccion: El tejido adiposo epicardico (TAE), es una capa de grasa visceral que se encuentra entre el miocardio y el pericardio
visceral. El TAE incrementado funciona como un 6rgano metabélicamente activo y se ha relacionado insuficiencia cardiaca con fun-
cién preservada (ICFEp).

Objetivo: El objetivo de este estudio fue evaluar el monto de TAE medido por ecocardiograma en un grupo de pacientes con diabetes
tipo 2 (DM2) y relacionarlo con la presencia de pardmetros de disfuncién diastdlica (DD) como marcador precoz de ICFEp.

Material y métodos: El estudio evalué el TAE en 86 pacientes con DM2 sin enfermedad cardiovascular (edad media 56 anos, 53 %
mujeres, 63 % obesidad y 67 % hipertension).

Resultados: El grosor medio del TAE fue 7,07 + 3,09 mm; el 65 % present6 TAE > 5 mm y el 45 % > 7 mm. Los pacientes con TAE
> 5 mm mostraron significativamente > 2 criterios de DD (42,9 % vs 6,7 %, p = 0,001). En particular, el TAE incrementado se asoci6
con mayor volumen auricular izquierdo, relacién E/A<0,8 y velocidades e “septal <7 cm/s y e lateral <10 cm/s. Observamos que a
mayor numero de criterios de DD, mayor espesor medio de TAE (8,56 mm con 2 criterios; 9,8 mm con 3 criterios).

Conclusién: Como conclusién observamos que el TAE se asocia con alteraciones estructurales y funcionales cardiacas subclinicas, y
podria ser un marcador temprano DD e ICFEp en pacientes con DM2.

Palabras clave: Grasa epicardica - Disfuncién diastélica - Diabetes - ICFEp

Epicardial adipose tissue (EAT) is a layer of visceral its proximity to the myocardium has pathophysiologi-
fat found between the myocardium and the visceral cal implications. In conditions like obesity, EAT in-
pericardium. EAT is more than just an energy depot. creases and has been identified as a metabolically ac-
It has important paracrine and endocrine activity, and tive organ capable of releasing proinflammatory and
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proatherogenic molecules including tumor necrosis
factor-alpha, interleukins 1 and 6, leptin, and angio-
tensinogen. (1)

Current evidence shows that increased EAT vol-
ume or thickness correlates with a higher prevalence
of diastolic dysfunction, independent of other fac-
tors of general or visceral adiposity. (2) Patients with
obesity-related heart failure with preserved ejection
fraction (HFpEF) often exhibit significant symptoms,
physical limitations, and a high risk of cardiovascular
death. (3) In this context, EAT appears to play a rele-
vant pathogenic role, as its expansion and remodeling
are associated with increased myocardial stiffness, en-
dothelial dysfunction, and fibrosis, which exacerbate
diastolic dysfunction. (4) Diastolic dysfunction, an
early and core marker in the pathophysiology of HF-
pEFE, is characterized by impaired ventricular relaxa-
tion and filling, usually precedes the development of
clinical symptoms of HFpEE, and can be detected be-
fore symptomatic heart failure develops. (5) Observa-
tional and cohort studies have demonstrated that the
presence of diastolic dysfunction, as determined by
echocardiographic parameters such as the E/e' ratio,
septal and lateral e' wave velocity, left atrial volume,
and filling pressure, is associated with an increased
future risk of developing HFpEF and related cardio-
vascular events.

EAT can be measured using two-dimensional
echocardiography, a technique that requires minimal
operator training (6) and correlates well with meas-
urements obtained by computed tomography (CT) or
nuclear magnetic resonance imaging (MRI). The aim
of this study was to assess EAT thickness by echocar-
diography in a group of patients with type 2 diabetes
without cardiovascular disease and to examine its as-
sociation with parameters of diastolic dysfunction as a
potential risk marker for the development of HFpEF.

METHODS

The registry of diastolic dysfunction in patients with type
2 diabetes (T2DM) of the Council on Cardiometabolism of
the Argentine Society of Cardiology included 229 patients
< 65 years without cardiovascular disease and adequate
ultrasound window, evaluated on an outpatient basis with
transthoracic color Doppler echocardiography and tis-
sue Doppler echocardiography. Patients with clinically es-
tablished cardiovascular disease, blood pressure >140/90
mmHg during Doppler echocardiography, atrial fibrillation,
or kidney disease were excluded from the study. The registry
had a pre-specified (but non-mandatory) option to measure
EAT. Therefore, EAT was measured in 86 non-correlative
patients, with measurements taken at convenience. The
protocol specified the methodology for assessing epicardial
fat with images and a training video. Images were obtained
from standard parasternal long-axis and short-axis 2D views
to allow for the most accurate measurement of epicardial fat
thickness in the right ventricle with optimal cursor beam
orientation in each view. On echocardiography, epicardial
fat is generally identified as the relatively echo-free space
between the outer wall of the myocardium and the visceral
layer of the pericardium. Its thickness was measured per-

pendicularly on the free wall of the right ventricle at end-
systole in three cardiac cycles at the point on the free wall of
the right ventricle along the midline of the ultrasound beam
perpendicular to the aortic annulus which was used as an
anatomic landmark.

Although there is no cutoff point for defining increased
EAT, thickness values > 4-5 mm or >7 mm were considered
abnormal in different epidemiological studies. (7) In our
study, a value > 5 mm was considered increased EAT thick-
ness. Mean values were compared with the different func-
tional or structural abnormalities related to the possibility
of diastolic dysfunction according to 6 evaluation criteria
recommended by the guidelines of the American Society of
Echocardiography and the European Association of Cardio-
vascular Imaging: left atrium (LA) = 34 mL/m2, E/A ratio
<0.8, E/e' ratio >14, septal e' <7 and lateral e' <10, tricuspid
regurgitation velocity >2.8 m/s. (8)

Informed consent was obtained prior to inclusion in the
protocol. The protocol was submitted to the Computerized
Registration Platform for Health Research (PRIISA) of the
City of Buenos Aires and was approved by the Research Area
of the Argentine Society of Cardiology. The study was con-
ducted following the ethical principles of the Declaration of
Helsinki. (9)

All the statistical calculations were performed using
Jamovi 2.6.24.0 software package. Statistical methods in-
cluded univariate descriptive statistics (mean, median, and
frequency) and chi-square test, Student's t-test, and correla-
tion and linear regression tests. A two-tailed p-value < 0.05
was considered statistically significant.

RESULTS

Of the 229 patients, EAT was measured in 86, who
were included in this analysis. Mean age was 56 = 8.8
years, 53.2% were women, 62.8% were obese, defined
as body mass index (BMI) = 30, mean BMI was 31.2
+ 5.3 kg/m? and 67.1% had hypertension. Mean sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) values were 129 = 11 and 79.5 = 7.4 mmHg, re-
spectively. Regarding treatment with cardioprotective
antidiabetic drugs, 10 patients (11.6%) were taking
sodium-glucose cotransporter 2 (SGLTZ2) inhibitors
and 8 patients (9.3%) were on glucagon-like peptide-1
receptor agonists (GLP-1RAs). None of the patients
had wall motion abnormalities, left ventricular hyper-
trophy, or significant valvular heart disease. Table 1
shows the morphological and functional abnormali-
ties evaluated by echocardiography according to the
presence of increased EAT thickness Mean EAT was
7.07 mm = 3.09 mm; 65.1% (n = 56) presented EAT
thickness >5 mm and 45.5% (n = 39) had EAT thick-
ness >7 mm.

In patients with EAT > 5 mm, 42.9% had > 2 cri-
teria for diastolic dysfunction, vs. 6.7% of those with
EAT < 5 mm (p = 0.001).

When there were 0 criteria for diastolic dysfunc-
tion, mean EAT was 6.8 mm; with 1 criterion, mean
EAT was 8.3 mm (p < 0.001 vs. 0 criteria), with 2 cri-
teria mean EAT was 8.5 mm (p < 0.001 vs. 0), and
with 3 criteria mean EAT was 9.8 mm (p < 0.001 vs. 0)
(Figure 1). There were no patients with a combination
of 4, 5, or 6 criteria.
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DISCUSSION

In our study, we analyzed a group of patients with
T2DM without cardiovascular disease and observed
an association between structural and functional ab-
normalities on echocardiography and increased EAT
thickness. Most of our patients with EAT thickness >
5 mm had some form of functional or structural ab-
normality on echocardiography.

Like any other fat depot, EAT consists of adipo-
cytes, preadipocytes, stromal-vascular cells, nerve
cells, and immune cells, with the unique feature of
sharing microcirculation and being in close contact
with the myocardium. Dysfunctional EAT releases
hypoxia-inducible factor-1a (HIF-1a), which increases
myocardial nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase activity and reactive oxygen
species (ROS) production. This promotes hypertro-
phy through Akt / mammalian target of rapamycin

(mTOR) / nuclear factor kappa B (NFkB) pathways,
which are related to the development of HFpEF. (10)
EAT tissue assessed by echocardiography has been
shown to be an early marker of subclinical cardiac
dysfunction, even in obese subjects without overt car-
diovascular disease. Interstitial fibrosis, myocardial
stiffness, extracellular matrix expansion, and vascular
function are key components in the pathogenesis of
HFpEE. (11) Increased EAT predicts the onset of dias-
tolic dysfunction before advanced clinical or structural
abnormalities become apparent. (12) Cross-sectional
studies and meta-analyses have shown that increased
EAT thickness or volume correlates with echocardio-
graphic parameters of diastolic dysfunction, such as
decreased mitral annular €' velocity and increased E/e'
ratio. (13) Furthermore, EAT thickness appears to
have prognostic value and could be useful for moni-
toring therapeutic response in patients with HFpEF

Table 1. Echocardiographic abnormalities by increased epicardial adipose tissue (EAT) thickness

] %
LA >34 mL/m? 25 29.7
E/A<0.8 56 65.1
Ele'> 14 2 2.3
Septal E' < 7 cm/s 56 65.1
Lateral E' < 10 cm/s 45 52.3
Tricuspid regurgitation velocity > 2.8 m/s 2 2.3

LA: Left atrium

EAT <5 mm (n=30) EAT > 5 mm (n=56) p-value
3.3% (1) 42.8% (24) <0.001
60% (18) 67.8% (38) 0.485
3.3% (1) 1.8% (1) 1
80% (24) 57.1% (32) 0.034
50% (15) 53.6% (30) 0.822

0% (0) 3.6% (2) 0.540

Figure 1. Association of epicardial adipose tissue thickness (in mm) with the criteria for diastolic dysfunction
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and obesity. (14) In patients with severe obesity, an
EAT thickness > 5.4 mm measured by echocardiog-
raphy was independently associated with subclinical
cardiac dysfunction. This threshold was identified as
a predictor of early functional dysfunction, even in the
absence of overt cardiovascular disease. (6) Elevated
epicardial fat values, especially > 5-7 mm on echocar-
diography, should be considered a marker of increased
risk for diastolic dysfunction and cardiac functional
abnormalities, regardless of other risk factors. (15)
In our study, mean EAT thickness was 7.07 mm, with
EAT > 5 mm in 65.1% and EAT > 7 mm in 45.5%.

The association between EAT and diastolic dys-
function is particularly relevant in the population of
diabetic patients, where it not only functions as a risk
marker but may also contribute directly to functional
impairment through inflammation, fibrosis, and myo-
cardial stiffness. (16) In our study, patients with EAT
>5 mm had a higher prevalence of criteria for dias-
tolic dysfunction. Current clinical evidence demon-
strates a correlation between epicardial adiposity and
LV diastolic filling or contractility, LV hypertrophy, or
atrial remodeling. These findings reflect the clinical
manifestation of increased EAT on cardiac metabo-
lism, oxidative stress, inflammation, and fibrosis and,
ultimately, the presence of HFpEF. (17) In our study,
where the entire population was under 65 years of age
and had no established CVD, the presence of signifi-
cant diastolic dysfunction with three criteria or great-
er was too rare to draw conclusions in this regard.

Left atrial volume is one of the strongest structural
markers for determining diastolic dysfunction. There
is a positive and independent relationship between
left atrial volume and pericardial fat thickness, and
it correlates with greater adverse structural remod-
eling. (18) In our study, most patients with increased
left atrial volume had increased ETT thickness.

CONCLUSIONS

In a group of patients with T2DM without heart dis-
ease or significant medical history, the presence of
structural or functional abnormalities on echocardi-
ography was associated with increased EAT thickness.
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We present the case of a 55-year-old man who consulted
for episodes of chest pain radiating to his left arm and
neck of one-week duration. For the past 72 hours, he had
been experiencing the same pain, with greater intensity,
associated with general malaise and paleness. Physical
examination revealed blood pressure of 172/118 mm Hg,
with symmetrical pulses in the upper and lower limbs.
Given the persistent chest pain and high blood pressure,
a computed tomography angiography (CTA) of the aorta
was initially performed, which ruled out acute aortic
syndrome, but revealed a hypodense nodular image in
the left ventricle (Figure A, red arrow).

The electrocardiogram revealed inferolateral ST-
segment depression with slight troponin T elevation,
and the echocardiogram only showed an increase in
the papillary muscle size (Figure B, green arrow),
with no intracavitary thrombi or valve involvement.
Emergency catheterization was decided due to persis-
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tent pain, revealing a critical distal lesion in the cir-
cumflex artery and posterolateral branch.

Finally, to complete the study, a cardiac magnetic
resonance imaging (MRI) scan was performed, con-
firming involvement of the posteromedial papillary
muscle, which was enlarged due to edema, presenting
a no-reflow area at the head of the medial zone cor-
responding to the intracavitary hypodense image seen
on computed tomography (Figure C).

This case shows the finding of an edematous and
prominent papillary muscle in the context of acute
coronary syndrome, which can pose an initial diagnos-
tic challenge when making the differential diagnosis
of an intraventricular mass. (1-3)
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and late enhancement sequences).

Rev Argent Cardiol 2025;93:370-371. https://doi.org/10.7775.rac.93.i5.20935

Correspondence: digovaller@gmail.com

@ @ @ @ https://creativecommons.org/licenses/by-nc-sa/4.0/
BY NC SA

©Revista Argentina de Cardiologia

! Hospital Universitario Basurto: Cardiology Department, Inpatient ward. Osakidetza. Bilbao, Spain



371

REFERENCES

1. Restrepo CS, Largoza A, Lemos DF, Diethelm L, Koshy P, Castillo
B et al. CT and MR imaging findings of benign cardiac tumors. Curr
Probl Diagn Radiol 2005;34:12-21. https://doi.org/10.1067/j.cpra-
diol.2004.10.002.

2. Motwani M, Kidambi A, Herzog BA, Uddin A, Greenwood JP,

Plein S. MR imaging of cardiac tumors and masses: a review of meth-
ods and clinical applications. Radiology 2013;268:26-43. https://doi.
org/10.1148/radiol. 13121239.

3. Kirkpatrick JN, Wong T, Bednarz JE, Spencer KT, Sugeng L, Ward
RP et al. Differential diagnosis of cardiac masses using contrast echo-
cardiographic perfusion imaging. J Am Coll Cardiol. 2004;43:1412-9.
https://doi.org/10.1016/j.jacc.2003.09.065.



I REVIEW ARTICLE

Role of Myosin Inhibitors in Hypertrophic Cardiomyopathy: Evidence
Review and Clinical Application
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ABSTRACT

Hypertrophic cardiomyopathy (HCM) is a complex genetic disease that can lead to serious complications, such as heart failure and
potentially fatal arrhythmias. There are several widely used therapeutic options, such as beta-blockers, calcium channel blockers,
and disopyramide. However, a significant proportion of patients with HCM remain refractory to pharmacological treatment, which
may lead to invasive procedures, such as septal reduction therapies.

In this scenario, myosin inhibitors have emerged as an innovative strategy targeting the underlying pathophysiological mechanisms
of the disease. By inhibiting cardiac myosin ATPase, these drugs reduce hypercontractility, improve myocardial relaxation, and lead
to significant symptom relief, with a positive impact on the quality of life of patients with obstructive HCM.

This review article details the mechanisms of action of myosin inhibitors, the available clinical evidence, the therapeutic indications,
and forms of use of these drugs.

Keywords: Hypertrophic cardiomyopathy - Mavacamten - Aficamten.
RESUMEN

La miocardiopatia hipertréfica (MCH) es una enfermedad genética compleja que puede provocar complicaciones graves, como in-
suficiencia cardiaca y arritmias potencialmente mortales. Existen diversas opciones terapéuticas ampliamente utilizadas, como los
betabloqueantes, los bloqueantes calcicos y la disopiramida. Sin embargo, una proporcién significativa de pacientes con MCH per-
siste con sintomas refractarios a pesar del tratamiento farmacolégico, lo que puede llevar a la necesidad de procedimientos invasivos,
como las terapias de reduccién septal.

En este escenario, los inhibidores de miosina han surgido como una estrategia innovadora dirigida a los mecanismos fisiopatolégicos
subyacentes de la enfermedad. Al inhibir la ATPasa de la miosina cardiaca, estos farmacos reducen la hipercontractilidad, mejoran
la relajaciéon miocardica y conducen a un alivio significativo de los sintomas, con un impacto positivo en la calidad de vida de los
pacientes con MCH obstructiva

Este articulo de revision detalla los mecanismos de accion de los inhibidores de miosina, la evidencia clinica disponible, las indica-
ciones terapéuticas y las formas de uso de estos farmacos.

Palabras claves: Miocardiopatia hipertréfica - Mavacamten - Aficamten.

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is a common
and heterogeneous genetic disease, with an estimated
prevalence of 1 in 200 to 1 in 500 people. It can pre-
sent with variable symptoms and serious complica-
tions such as heart failure, arrhythmias, and sudden
death. (1) It is classified as obstructive HCM (OHCM),
characterized by dynamic obstruction of the left ven-

tricular outflow tract (LVOT), and non-obstructive
HCM (NOHCM). Although conventional treatments
exist, some patients have refractory symptoms or re-
quire invasive procedures. In this context, myosin in-
hibitors have emerged as a new therapeutic strategy
to address the underlying pathophysiological mecha-
nisms of the disease. (2,3). This article will review
their mechanism of action, the available evidence, in-
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dications and forms of use, as well as the associated
adverse effects.

MECHANISMS OF ACTION

Myocardial hypercontractility is one of the central
characteristics of HCM. This phenomenon results
from alterations in actin-myosin interaction, often
caused by mutations in sarcomeric genes. In addition
to contributing to dynamic obstruction of the LVOT,
hypercontractility promotes the development of my-
ofibrillar disorders and myocardial fibrosis. (4,5)

Myosin antagonists, such as mavacamten and
aficamten, act by directly modulating actin-myosin
interaction, reducing the force of contraction and at-
tenuating the chronic hypercontractile state of myo-
cytes. These drugs selectively inhibit cardiac myosin
ATPase, decreasing the formation of cross-bridges
between actin and myosin, which results in lower
myocardial contractility. In addition, they stabilize
the super-relaxed state of myosin, reduce the release
of inorganic phosphate, and limit the interaction of
myosin with actin, counteracting the hypercontractil-
ity observed in HCM. (6) (Figure 1)

These agents increase the proportion of myosin
molecules in a super-relaxed state and promote the
kinetics of cross-bridge detachment, stimulate the re-
lease of adenosine diphosphate (ADP) from myosin,
and promote the binding of adenosine triphosphate
(ATP) to myosin. As a result, they not only decrease
contractile force but also improve cardiac muscle re-
laxation, simultaneously addressing hypercontractil-
ity and diastolic dysfunction, two of the main patho-
physiological mechanisms of HCM. (7-9)

PHARMACOLOGY

Mavacamten is a selective and reversible inhibitor of
cardiac myosin ATPase, developed to modulate myo-
cardial contractility. It is administered orally, in doses
of 2.5 to 15 mg, with adequate bioavailability and a

half-life of approximately 9 days, allowing once-daily
dosing. Its metabolism is predominantly hepatic, me-
diated by CYP2C19 and, to a lesser extent, by CYP3A4
and CYP2C9. This makes it susceptible to interactions
with inhibitors and inducers of these enzymes, which
can affect its plasma concentration and efficacy. (10)

Aficamten is a second-generation inhibitor of car-
diac myosin ATPase. Its dose is 5 to 20 mg, and its
half-life is shorter than that of mavacamten (28 to
40 hours), allowing for faster dosage adjustments
and a lower risk of accumulation. It is also adminis-
tered orally and is metabolized in the liver, mainly
by CYP3A4, with a lesser contribution from other
cytochrome P450 enzymes. Compared with mavaca-
mten, it has fewer relevant drug interactions and a
more predictable safety profile, with no need for dose
adjustment based on CYP2C19. (10,11)

Available studies suggest that neither drug is sig-
nificantly excreted renally. However, the pharmacoki-
netics in patients with severe kidney impairment is
not fully characterized. In the presence of moderate
to severe hepatic impairment, drug accumulation may
occur, although clinical data in these patients are lim-
ited.

Mavacamten and aficamten are contraindicated
during pregnancy due to their mechanism of action,
which may affect fetal cardiovascular development.
Therefore, effective contraceptive methods are recom-
mended for women of childbearing age during treat-
ment and for at least four months after discontinu-
ation.

EVIDENCE IN PATIENTS WITH OHCM

Clinical trials

The clinical development of mavacamten began with
the phase 2 PIONEER-HCM study, which demon-
strated a significant reduction in LVOT obstruction
gradient, both at rest and after exercise in patients
with symptomatic OHCM. Patients treated with ma-

Fig. 1. Mecanism of action of aficamten and mavacamten
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vacamten experienced improvement in NYHA func-
tional class and a reduction in N-terminal pro-B-type
natriuretic peptide (NT-proBNP). In addition, peak
oxygen consumption (peak VO,) increased by an av-
erage of 1.5 mL/kg/min, reflecting an enhanced func-
tional capacity. (12)

These results led to the phase 3 EXPLORER-HCM
trial, which confirmed the efficacy of mavacamten in
reducing LVOT gradient, with an average decrease of
40 mmHg.

In addition, 65% of treated patients showed im-
provement in at least one NYHA functional class, and
peak VO, increased by 1.4 mL/kg/min compared with
placebo. (13) In echocardiographic terms, 80.9% of
patients in the mavacamten arm achieved complete
resolution of systolic anterior mitral valve motion
at 30 weeks, suggesting a significant impact on the
pathophysiology of the disease. (14)

The phase 3 VALOR-HCM study evaluated mava-
camten in patients with severe OHCM with an indica-
tion for septal reduction therapy. After 16 weeks of
treatment, 82% of patients in the mavacamten arm
no longer met criteria for intervention, compared with
only 23% in the placebo group. A reduction in LVOT
gradient from 51 mmHg to 14 mmHg was observed,
with improvement in NYHA functional class and an
increase in peak VO, of 1.7 mL/kg/min. (15)

Long-term data emerge from the MAVA-LTE
study, which included patients previously treated in
the EXPLORER-HCM trial, with 80-week follow-up.
The results confirmed a progressive and sustained re-
duction in the LVOT gradients, from 48 mmHg to 10
mmHg, as well as a significant decrease in N'T-proB-
NP from 783 ng/L to 123 ng/L. In addition, 60.2% of
patients preserved improvement in their functional
class. These findings suggest that mavacamten not
only has a short-term symptomatic effect but may also
modify disease progression. (16)

In turn, aficamten has shown a similar efficacy
profile. In the REDWOOD-HCM phase 2 trial, treat-
ment with aficamten resulted in a significant reduc-
tion in the obstructive gradient of 36 mmHg, accom-
panied by an improvement in NYHA functional class
and a decrease in NT-proBNP. (17) In the phase 3
SEQUOIA-HCM study, aficamten achieved enhanced
peak VO, of 1.9 mL/kg/min, with a favorable safety
profile and a low incidence of left ventricular ejec-
tion fraction (LVEF) reduction. (18) A recently pub-
lished key study is the MAPLE-HCM trial, the first
to compare a myosin inhibitor with standard therapy.
This phase 3 trial randomized patients with symp-
tomatic OHCM to receive aficamten or metoprolol.
At 24 weeks, aficamten achieved a significant reduc-
tion in LVOT gradient (-40.7 mmHg) in contrast to
the modest reduction observed with metoprolol (-3.8
mmHg; p<0.001). Moreover, superior improvements
were documented with aficamten in functional ca-
pacity (peak VO2: +1.1 vs. -1.2 ml/kg/min; p=0.001)
and quality of life (KCCQ-CSS score: +15.8 vs. +8.7

points, p=0.002). In contrast, treatment with metopr-
olol was not associated with significant improvement
in functional or symptomatic parameters. The safety
profile of aficamten was favorable, with transient re-
ductions in LVEF below 50% in 1% of patients, all of
which were reversible. These findings reinforce the
hypothesis that, unlike beta-blockers, myosin inhibi-
tors such as aficamten act directly on the pathophysi-
ological mechanism of obstruction and could redefine
the initial treatment of OHCM. (19)

Table 1 summarizes the clinical trials conducted
with mavacamten and aficamten.

Safety

In terms of safety, both drugs have been well toler-
ated. Between 6% and 7% of patients treated with ma-
vacamten developed LVEF <50%, leading to temporal
treatment suspension in some cases. However, this
dysfunction was reversible upon drug discontinua-
tion. In the case of aficamten, less than 2% of patients
had an LVEF <50%, and in most cases ventricular
function normalized after dose reduction. (13,18)

Hard events

Despite the benefits observed in terms of symptoms,
oxygen consumption, and biomarkers, to date there
is no clear evidence that mavacamten or aficamten
reduce mortality or the incidence of ventricular ar-
rhythmia in patients with OCHM. No reductions in
mortality have been demonstrated, as clinical trials
have been designed with functional and quality-of-life
endpoints, without specifically evaluating long-term
survival. There is also no conclusive evidence that
these drugs reduce the arrhythmic burden or the risk
of ventricular tachycardia and fibrillation, which are
the main causes of sudden death in this population. It
has been hypothesized that reducing wall stress with
these agents could decrease the arrhythmic burden,
but so far this has not been demonstrated in clinical
trials. Regarding the need for implantable cardiovert-
er-defibrillators, no changes in the current indication
criteria have been reported.

Although studies with longer follow-up are still
needed, myosin inhibitors currently represent a non-
invasive alternative for the treatment of patients with
OHCM who require septal intervention, such as sep-
tal myectomy and alcohol ablation. Both myectomy
and septal ablation are invasive procedures associ-
ated with a very low risk of periprocedural mortality,
(20,21) a risk that has not been observed with the use
of myosin inhibitors.

Real-world evidence

Mavacamten has been approved by major regulatory
agencies worldwide. However, to reduce the risk of
left ventricular systolic dysfunction, heart failure,
and drug interactions, its approval is subject to a risk
evaluation and mitigation strategy (REMS) program.
This program establishes education and continuous
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Table 1. Main complete and published clinical trials of myosin inhibitors in adult patients with OHCM

Endpoints Results

EXPLORER-HCM

Study (drug) Study type
Phase Il, multicenter, open
PIONEER-HCM label, non-randomized, n=21
(mavacamten™) Cohort A (n=11): Initial dose
2019 10 or 15 mg
(12) Cohort B: (n=10):

slow titration from 2 to 5 mg

Phase lll, multicenter,
randomized, double blind,

(mavacamten) controlled with placebo,
2020 n=251
(13) Active group n=128
Placebo n=123

VALOR-HCM Phase lll, multicenter,
(mavacamten) randomized, double blind,
2022 controlled with placebo,
(15) n=112.

Phase I, multicenter
REDWOOD Patients with LVOT gradients

(aficamten**)
2023
(17)

at rest 230 mmHg or
provoked >50 mmHg.
Assignment 2:1 aficamten/
placebo 10 weeks

Phase Ill, multicenter,
randomized, double blind,

Reduction of exercise
LVOT gradients at 12
weeks.
PeakVO2 assessment

Increase of 1.5 ml/kg/
min or more in peak
V02, plus 1 point
reduction in NYHA FC
or
Increase > 3 ml/kg/min
in peak VO2 without
NYHA FC worsening at
30 weeks

Improvement implying
abandoning the
indication of septal
reduction at 16 week

Gradient changes in
LVOT, LVEF and NYHA FC

Cohort A: mean change of —89.5 mmHg
and 3.5 ml/kg/min

Cohort B: mean change of
25 mmHg and 1.7 ml/kg/min

37% mavacamten group vs. 17% placebo
(p = 0.0005)

PeakVO2: + 1.4 ml/kg/min in the
mavacamten group vs. +0.1 ml/kg/min in
the placebo group (p = 0.0006)

Gradient: =35.6 mm Hg, p < 0.0001

Continue with the indication:
18% with mavacamten vs. 77%
with placebo, p<0.001
Gradient: =37.2 mm Hg vs. placebo,
p < 0.001

-40 mmHg in the LVOT gradient
at rest and - 36 mmHg in Valsalva in Cohort
1, and -43 mmHg at rest and -
-53 mmHg during Valsalva in Cohort 2

SEQUOIA-HCM . Change in peak oxygen Increase of 1.8ml/kg/min in the aficamten
) controlled with placebo : .
(aficamten) n=282 consumption at 24 group vs. 0.0 ml/kg/min in placebo.
2024 2 weeks >20 points in KCCQ-CSS: 29.7%
. : o :
(18) G o G 5 Quality of life vs. 12.4% in placebo
Placebo n=140
Phase lll, multicenter, . L
MAPLE -HCM randomized, double blind, Change in oxygen eSOz 1'1. el |n- afiezien e
) : : -1.2 mL in metoprolol; p=0.001
(aficamten) aficamten vs metoprolol consumption at 24 L .
LVOT gradient: =40.7 mmHg vs. —3.8 mmHg;
2025 weeks <0.001
(19) Aficamten n=87 Quality of life <.

Metoprolol n=88

KCCQ-CSS: +15.8 vs. +8.7 points p=0.002.

Mavacamten approved by Food Drug Administration (FDA), European Medicines Agency (EMA), and National Administration of Drugs, Food and

Medical Technology (ANMAT).
** Aficamten not yet approved by FDA, EMA or ANMAT.

KCCQ-CSS: Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; LVEF: left ventricular ejection fraction; LVOT: Left ventricular out-
flow tract; NYHA FC: New York Heart Association functional class; OHCM: obstructive hypertrophic cardiomyopathy.

monitoring strategies, including mandatory training
for healthcare professionals and periodic echocardio-
grams during follow-up.

In this context, Desai et al. published the results
of the first 22 months of the REMS program at the
end of 2024, providing data on the use of this drug in
the United States. (22) Among a total of 5573 patients
who received at least one dose of the drug and sub-
mitted the corresponding forms, 4.6% had a decline
in LVEE 1.3% were hospitalized for heart failure, and
only 0.3% developed both complications jointly. The

values were very similar in those patients who re-
ceived the medication for at least one year. (22)

The drug dose used was 5 or 10 mg at six months
of follow-up in most patients (74%), and only 5% re-
quired the maximum dose of 15 mg at that time. The
main reason for dose reduction (95% of cases) was
therapeutic adequacy, due to the achievement of a
LVOT gradient < 20 mmHg. Finally, with regard to
LVOT gradients, 42% persisted with resting gradients
above 30 mmHg at 3 months after starting the drug,
and only 29% at 6 months of treatment. As limita-
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tions, this program is designed to ensure that the con-
ditions for safe use of the drug are met (patients with
LVEF > 50% and no interactions with other drugs),
without evaluating the clinical criteria for the indica-
tion, the reason for discontinuation, the evolution of
symptoms, or the requirement for septal reduction
therapies. The latter was evaluated in some real-
world cohorts with fewer patients, also with good re-
sults. (23-25) Concerning safety strategies, the regula-
tory agency in Europe (EMA) requires the analysis of
polymorphisms in the cytochromes responsible for its
metabolism prior to treatment initiation in order to
adjust the initial dose. In Argentina, the evaluation of
these polymorphisms is not necessary, and monitoring
depends on clinical and echocardiographic variables.

EVIDENCE IN PATIENTS WITH NOHCM

The clinical development of mavacamten in NOHCM
began with the phase 2 MAVERICK-HCM study, which
included symptomatic patients with LVEF = 55% and
no significant LVOT obstruction. At 16 weeks, a sig-
nificant reduction in NT-proBNP levels was observed
in the mavacamten-treated group compared with pla-
cebo, suggesting an improvement in pressure overload
and diastolic function. In addition, a reduction in ven-
tricular stiffness, measured by the E/e' index, was ob-
served, although without significant changes in LVEF
or functional capacity as measured by peak VO2. (26)

These findings led to the design of the phase 3
ODYSSEY-HCM study, which evaluated the effects
of mavacamten in a population of 580 patients with
symptomatic NOHCM. At 48 weeks, the drug did not
meet the primary endpoint of peak VO2 improvement
(+1.0 mL/kg/min with mavacamten vs. +1.3 mL/kg/
min with placebo; p=NS). However, benefits were ob-
served in secondary parameters, including significant
reductions in NT-proBNP (-50% vs. —-10%; p<0.01)
and ultrasensitive troponin T (-22% vs. placebo;
p<0.05), as well as a favorable trend in the KCCQ-CSS
score (+7 vs. +5 points). In terms of safety, a relevant
finding was that 21.5% of patients treated with mava-
camten developed LVEF <50%, which was reversible
in most cases after treatment discontinuation.

These results suggest that, although mavacamten
reduces hemodynamic load and biomarkers of myo-
cardial stress, its effect on overall functional capacity
is limited. One possible explanation is that the dose
used could have been excessive and the exposure time
relatively short, which could have attenuated the net
clinical benefit observed in this population. (27)

In the case of aficamten, the phase 2 FOREST-
HCM trial has shown encouraging preliminary re-
sults, with a reduction in NTproBNP and improved
echocardiographic parameters of diastolic dysfunc-
tion. (28) The phase 3 ACACIA-HCM study is cur-
rently underway, evaluating the efficacy and safety of
aficamten in a large cohort of patients with NOHCM,
and will provide key evidence on its impact on cardiac
function and symptoms.

MEDICATION TITRATION

Mavacamten is administered orally in 2.5 mg, 5 mg,
10 mg, and 15 mg capsules. The method of use, dos-
age, and titration are based on the regimen used in
the EXPLORER-HCM study. (13)

The recommended starting dose is 5 mg once daily.
Dose adjustment is suggested every 4 weeks, with a
maximum daily dose of 15 mg. Strict clinical monitor-
ing is essential to identify possible signs of heart fail-
ure, supplemented by echocardiographic monitoring
focused mainly on the evaluation of LVEF and LVOT
gradient, both before the start of treatment and dur-
ing the subsequent follow-up. Treatment initiation is
not recommended in patients with LVEF < 50%. Once
initiated, it is advised to follow the scheme in Figure
2. (adapted from 29)

In the case of aficamten, the initial dose is 5 mg
once daily with adjustments every 2 weeks due to its
shorter half-life. Figure 3 outlines the titration algo-
rithm used in the phase III SEQUOIA-HCM study.
(18)

Clinically relevant and frequent drug interactions

Given its metabolism through the cytochrome system
(mainly CYP2C19), the use of mavacamten should be
avoided with drugs such as certain antifungals, cer-
tain macrolide antibiotics, some antidepressants, and
protease inhibitors, among others, as well as grape-
fruit juice. CYP2C19 inhibitors and strong CYP3A4
inhibitors should be discontinued for at least 14 days
before starting mavacamten. Aficamten does not in-
teract with the cytochrome system, so there would be
no such interaction and no further precautions would
be necessary. Table 2 summarizes some of the relevant
pharmacologic interactions for mavacamten.

COST-EFFECTIVENESS

The high cost of mavacamten raises questions about
its cost-effectiveness compared with other therapeutic
strategies. While it offers significant clinical benefits,
its current price could place it outside the generally
cost-effectiveness threshold accepted in some health-
care systems.

An analysis conducted in the United States by the
Institute for Clinical and Economic Review (ICER)
established that, for mavacamten to be considered
cost-effective according to the thresholds used in that
country, its annual price would need to be less than
$15 000 (far from the current $85 000). (30) However,
these conclusions are not directly applicable to other
health systems, as the costs of treatments and proce-
dures vary considerably between countries.

While mavacamten could reduce the need for inva-
sive procedures and improve patients' quality of life,
the cost remains a challenge for its widespread imple-
mentation. Its economic viability will depend on access
strategies, price negotiations, and additional studies to
assess its impact in real-world clinical practice.

As for aficamten, it is not yet commercially avail-
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able, so it is not possible to analyze its cost-effective-
ness at this moment.

CONCLUSION

Myosin inhibitors have proven to be a safe and ef-
fective option in the treatment of OCHD, currently
positioning them as a second-line alternative. How-
ever, more evidence is still needed to consider them

as a first-line treatment, especially in terms of their
structural impact and their long-term effect on hard
clinical events, such as mortality, arrhythmias, and
need for devices. Their potential to modulate disease
progression is a key aspect to investigate, particularly
in relation to the regression of hypertrophy and the
reduction of myocardial fibrosis.

On the other hand, their high cost and difficulty

Fig. 2. Mavacamtem titration algorithm. Adapted from (29)

I2A | Measure LVOT gradient using values with valvalva maneuver as guide for titration |
| 4 weeks | | 8 weeks | | 12 weeks |
1. Restart 2.5 mg
Pause
LVOT gradient > 30 P <20mmHg | - if LVOT grad > 20
mmHg at rest or > 50 Red mmHg and LVEF >
mmHg provoked <20 mmH educeto | | 50%.
NYHA [I-IV — 9 2s mg daily
LVEF > 55% 2. Control every 4
weeks
Initial dose
5 mg daily Kee
p
> -
[ | 220mmHg 1 2.5 mg daily
Reduce to .
<20 mmHg | 2.5 mg/daily 12 See Fig 2B
Keep
>
| z20mmHg B o iy
Keep
> n
220 mmHg 5 mg daily
Stop mavacamten if LVEF< 50%. Restart in 4 weeks with lower dose if LVEF recovered
Stop permanently fi LVEF with 2.5 mg dose
2B
Week 12 & every 12 weeks
Stop and restart in 4 weeks
— LVEF <50 D with lower doce
if LVEF recovered
- 0,
LVEF 50-55%, Continue with the same dose and
Dose — or D) perform new clinical and
LVEF>55% and LVOT grad. 4 ) ) .
echocardiographic control in 12 weeks
<30 mmHg
LVEF >55% and LVOT . Up tltra-t|on to the next dose
) rad. > 30 mmH 4 Recheck in 4 weeks, keep same
grad. = 9 dose for next 12 weeks
Stop mavacamten if LVEF< 50%. Restart in 4 weeks with lower dose if LVEF recorvered
Stop permanently if LVEF < 50% with 2.5 mg dose

LVEF: left ventricular ejection fraction; grad: gradient; LVOT: left ventricular outflow tract
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Fig. 3. Titration of aficamten in SEQUOIA-HCM and MAPLE trials

Control every 15 days (week 2 — week 4 — week 6) u
LVOT gradient = 30 LVEF & Lot gras]':r':;‘f\’,';? Valsalva Action
mmHg at rest or > 50
mmHg provoked >55% + > 30 mmHg Up titrate dose
NYHA lI-IV
LVEF > 55% >55% + <30 mmHg Keep dose
Initial Dose <55 % and >50 % NA Keep dose
5 mg/day
Down titrate dose
0, 0,
<50 % and =40 % NA (Stop if dose was 5 mg)
Stop for at least 7 days
<40 % NA and cor_wsnder restart
only if last dose
was > 10 mg

LVEF: left ventricular ejection fraction; LVOT: Left ventricular outflow tract; NA: not available; NYHA FC: New York Heart Association functional

class

Table 2. Relevant pharmacological interactions for mavacamten

Group Effect

Strong 2C19 inhibitors Increase mavacamten plasma
concentration

Increase mavacamten plasma

Strong 3A4 inhibitors .
concentration

Slightly increase mavacamten

Moderate 2C19 inhibitors ;
plasma concentration

. Slightly increase mavacamten
Moderate 3A4 inhibitors gntly .
plasma concentration
Decrease mavacamtem con-
centration and increase it when
discontinued

3A4 and 2C19 inducers

of access in many healthcare systems, including ours,
limit their availability and underscore the importance
of careful selection of patients who can benefit most.
Despite these challenges, their use in nonobstructive
forms and in asymptomatic patients is promising,
opening new perspectives in the management and
possible modification of the natural course of HCM.

Conflicts of interest
None declared.

(See authors' conflict of interests forms on the web/Ad-
ditional material).

REFERENCES

1. Maron BdJ, Desai MY, Nishimura RA, Spirito B, Rakowski H, Tow-
bin JA, et al. Management of Hypertrophic Cardiomyopathy: JACC
State-of-the-Art Review. J Am Coll Cardiol 2022;79:390-414. https://
doi.org/10.1016/j.jacc.2021.11.021

2. Gill R, Siddiqui A, Yee B, DiCaro MV, Houshmand N, Tak T. Ad-

Example Recomendation

Fluoxetine, modafinil, ritonavir Do not combine
Clarithromycin, itraconazol,
ritonavir, lopinavir, loperamide,
efavirenz

Do not combine

Sertraline, efavirenz, pantopra-
zole, lansoprazole, omeprazole,
clarithromycin

Lower dose to 2.5 mg when
starting any of these drugs

Erythromycin, fluconazole,
amiodarone, diltiazem, verapamil,
grapefruit juice

Lower dose to 2.5 mg when
starting any of these drugs

Rifampicin, phenytoin, dexameth-
asone, modafinil, efavirenz

Precaution when suspending any
of these drugs

vancements in the Diagnosis and Treatment of Hypertrophic Car-
diomyopathy: A Comprehensive Review. J Cardiovasc Dev Dis [In-
ternet] 2024;11;290. http://dx.doi.org/10.3390/jedd11090290

3. Kalinski JK, Xu B, Boyd R, Tasseff N, Rutkowski K, Ospina S, et
al. Novel Cardiac Myosin Inhibitor Therapy for Hypertrophic Car-
diomyopathy in Adults: A Contemporary Review. Am J Cardiovasc
Drugs 2024;24:591-602. https://doi.org/10.1007/s40256-024-00667-z.
4. Sequeira V, Bertero E, Maack C. Energetic drain driving hyper-
trophic cardiomyopathy. FEBS Lett 2019;593:1616-26. https://doi.
org/10.1002/1873-3468.13496

5. Toepfer CN, Garfinkel AC, Venturini G, Wakimoto H, Repetti G,
Alamo L, et al. Myosin Sequestration Regulates Sarcomere Function,
Cardiomyocyte Energetics, and Metabolism, Informing the Patho-
genesis of Hypertrophic Cardiomyopathy. Circulation 2020;141:828-
42. https://doi.org/10.1161/CIRCULATIONAHA.119.042339.

6. Rohde JA, Roopnarine O, Thomas DD, Muretta JM. Mavacamten
stabilizes an autoinhibited state of two-headed cardiac myosin. Proc
Natl Acad Sci U S A 2018;115:E7486-94. https://doi.org/10.1073/
pnas.1720342115

7. Anderson RL, Trivedi DV, Sarkar SS, Henze M, Ma W, Gong H,
et al. Deciphering the super relaxed state of human B-cardiac myo-
sin and the mode of action of mavacamten from myosin molecules
to muscle fibers. Proc Natl Acad Sci U S A 2018;115:E8143-E8152.
https://doi.org/10.1073/pnas.1809540115.



MIOSIN INHIBITORS IN HYPERTOPHIC CARDIOMYOPATHY / Santiago Decotto et al

379

8. Lehman SJ, Crocini C, Leinwand LA. Targeting the sarcomere
in inherited cardiomyopathies. Nat Rev Cardiol 2022;19:353-63.
https://doi.org/10.1038/s41569-022-00682-0

9. Sykuta A, Yoon CH, Baldwin S, Rine NI, Young M, Smith A. Car-
diac Myosin Inhibitors: Expanding the Horizon for Hypertrophic
Cardiomyopathy Management. Ann Pharmacother 2024;58:273-85.
https://doi.org/10.1177/10600280231180000

10. Lancellotti B, de Marneffe N, Scheen A. [Mavacamten (Camzyos
®) : first myosin modulator for obstructive hypertrophic cardiomy-
opathy treatment]. Rev Med Liege 2024;79:120-8.

11. Chuang C, Collibee S, Ashcraft L, Wang W, Vander Wal M, Wang
X, et al. Discovery of Aficamten (CK-274), a Next-Generation Car-
diac Myosin Inhibitor for the Treatment of Hypertrophic Cardiomy-
opathy. J Med Chem 2021;64:14142-52. https://doi.org/10.1021/acs.
jmedchem.1¢01290.

12. Heitner SB, Jacoby D, Lester SJ, Owens A, Wang A, Zhang D, et
al. Mavacamten Treatment for Obstructive Hypertrophic Cardiomy-
opathy: A Clinical Trial. Ann Intern Med 2019;170:741-8. https://doi.
org/10.7326/M18-3016..

13. Olivotto I, Oreziak A, Barriales-Villa R, Abraham TP, Masri A,
Garcia-Pavia B, et al; EXPLORER-HCM study investigators. Mava-
camten for treatment of symptomatic obstructive hypertrophic
cardiomyopathy (EXPLORER-HCM): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet 2020;396:759-69. https://
doi.org/10.1016/S0140-6736(20)31792-X.

14. Hegde SM, Lester SJ, Solomon SD, Michels M, Elliott PM, Na-
gueh SF, et al. Effect of Mavacamten on Echocardiographic Features
in Symptomatic Patients With Obstructive Hypertrophic Cardiomy-
opathy. J Am Coll Cardiol 2021;78:2518-32. https://doi.org/10.1016/;.
jacc.2021.09.1381..

15. Desai MY, Owens A, Geske JB, Wolski K, Naidu SS, Smedira NG,
et al. Myosin Inhibition in Patients With Obstructive Hypertrophic
Cardiomyopathy Referred for Septal Reduction Therapy. J Am Coll
Cardiol 2022;80:95-108. https://doi.org/10.1016/j.jacc.2022.04.048.
16. Garcia-Pavia B, Oreziak A, Masri A, Barriales-Villa R, Abraham
TP, Owens AT, et al. Long-term effect of mavacamten in obstructive
hypertrophic cardiomyopathy. Eur Heart J 2024;45:5071-83. https:/
doi.org/10.1093/eurheartj/ehae579.

17. Maron MS, Masri A, Choudhury L, Olivotto I, Saberi S, Wang
A, et al; REDWOOD-HCM Steering Committee and Investigators.
Phase 2 Study of Aficamten in Patients With Obstructive Hypertro-
phic Cardiomyopathy. J Am Coll Cardiol 2023;81:34-45. https://doi.
org/10.1016/j jacc.2022.10.020.

18. Maron MS, Masri A, Nassif ME, Barriales-Villa R, Arad M,
Cardim N, et al; SEQUOIA-HCM Investigators. Aficamten for
Symptomatic Obstructive Hypertrophic Cardiomyopathy. N Engl J
Med 2024;390:1849-61. https://doi.org/10.1056/NEJMoa2401424.
19. Garcia-Pavia B, Maron MS, Masri A, Merkely B, Nassif ME,
Pena-Pena ML, et al; MAPLE-HCM Investigators. Aficamten or
Metoprolol Monotherapy for Obstructive Hypertrophic Cardiomy-

opathy. N Engl J Med 2025;393:949-60. https://doi.org/10.1056/NEJ-
Moa2504654.

20. Maron MS, Rastegar H, Dolan N, Carpino P, Koethe B, Maron
BJ, et al. Outcomes Over Follow-up =10 Years After Surgical My-
ectomy for Symptomatic Obstructive Hypertrophic Cardiomy-
opathy. Am J Cardiol 2022;163:91-7. https://doi.org/10.1016/j.amj-
card.2021.09.040.

21. Batzner A, Pfeiffer B, Neugebauer A, Aicha D, Blank C, Seggewiss
H. Survival After Alcohol Septal Ablation in Patients With Hypertro-
phic Obstructive Cardiomyopathy. J Am Coll Cardiol 2018;72:3087-
94. https://doi.org/10.1016/j.jacc.2018.09.064

22. Desai MY, Seto D, Cheung M, Afsari S, Patel N, Bastien A, et al.
Mavacamten: Real-World Experience From 22 Months of the Risk
Evaluation and Mitigation Strategy (REMS) Program. Circ Heart
Fail 202518:e012441. https://doi.org/10.1161/CIRCHEARTFAIL-
URE.124.012441.

23. Abdelfattah OM, Lander B, Demarco K, Richards K, Dubose D,
Martinez MW. Mavacamten Short-Term Hemodynamic, Functional,
and Electrocardiographic Outcomes: Initial Real-World Post-Trial
Experience. JACC Adv 2023;2:100710. https://doi.org/10.1016/j.
jacadv.2023.100710

24. Desai MY, Hajj-Ali A, Rutkowski K, Ospina S, Gaballa A, Em-
ery M, et al. Real-world experience with mavacamten in obstructive
hypertrophic cardiomyopathy: Observations from a tertiary care
center. Prog Cardiovasc Dis 2024;86:62-68. https://doi.org/10.1016/;.
pcad.2024.02.001.

25. Reza N, Dubey A, Carattini T, Marzolf A, Hornsby N, de Feria
A, et al. Real-World Experience and 36-Week Outcomes of Patients
With Symptomatic Obstructive Hypertrophic Cardiomyopathy
Treated With Mavacamten. JACC Heart Fail 2024;12:1123-5. https://
doi.org/10.1016/j.jchf.2024.03.009.

26. Ho CY, Mealiffe ME, Bach RG, Bhattacharya M, Choudhury L,
Edelberg JM, et al. Evaluation of Mavacamten in Symptomatic Pa-
tients With Nonobstructive Hypertrophic Cardiomyopathy. J Am Coll
Cardiol 2020;75:2649-60. https://doi.org/10.1016/j.jacc.2020.03.064.
27. Desai MY, Owens AT, Abraham T, Olivotto I, Garcia-Pavia P,
Lopes RD, et al; ODYSSEY-HCM Investigators. Mavacamten in
Symptomatic Nonobstructive Hypertrophic Cardiomyopathy. N Engl
J Med 2025;393:961-72. https://doi.org/10.1056/NEJMoa2505927.
28. Masri A, Barriales-Villa R, Elliott P, Nassif ME, Oreziak A, Ow-
ens AT, et al; on behalf of the FOREST-HCM Investigators. Safety
and efficacy of aficamten in patients with non-obstructive hypertro-
phic cardiomyopathy: A 36-week analysis from FOREST-HCM. Eur
J Heart Fail 2024;26:1993-8. https://doi.org/10.1002/ejhf.3372.

29. Bello J, Pellegrini MV. Mavacamten. In: StatPearls. Treasure Is-
land (FL): StatPearls Publishing; 2024.

30. Beinfeld M, Wasfy JH, Walton S, Sarker J, Nhan E, Rind DM,
et al. Mavacamten for hypertrophic cardiomyopathy: effectiveness
and value. J Manag Care Spec Pharm 2022;28:369-75. https://doi.
org/10.18553/jmcep.2022.28.3.369



I SCIENTIFIC LETTER

Acute Myeloid Leukemia Presenting as Acute Lower Limb Ischemia: A

Case Report

Presentacion de leucemia mieloide aguda como isquemia aguda de miembro inferior. Reporte

de un caso

IGNACIO PEPE"®, FRANCO IMBROGNIO™"®, ROCIO GAU*®, PABLO SALVADORES*®, DIEGO HERRERA VEGAS*

INTRODUCTION

Acute myeloid leukemia (AML) is a hematologic ma-
lignancy characterized by the infiltration of bone mar-
row, peripheral blood and, occasionally, other tissues
by aberrant and abnormally differentiated clones of
the myeloid lineage. (1) It accounts for 80% of acute
leukemia cases in adults, and its incidence increases
with age. (2)

From a clinical perspective, AML typically pre-
sents with symptoms of bone marrow failure, such
as anemia, recurrent infections, or bleeding, reflect-
ing pancytopenia. In other cases, it may present with
marked leukocytosis, which can lead to hyperviscosity
and leukostasis-related complications. (3)

Although initial thrombotic manifestations are un-
common, they may occur in cases of hyperleukocytosis,
presenting as neurological, pulmonary, or microvascu-
lar events. (3,4) Large-vessel arterial thromboembolic
complications, such as acute lower-limb ischemia, are
infrequent initial manifestations and present diagnos-
tic and therapeutic challenges. (5,6)

The case we describe involves a patient with no
significant medical history who presented with acute
arterial ischemia as the initial manifestation of AML.
This clinical presentation is exceptional and recogniz-
ing it is crucial for an early diagnosis and appropriate
treatment.

The patient was a previously healthy 70-year-old
man, who presented with a sudden onset of severe
(intensity 9/10) pain in the right calf, accompanied by
sensory impairment and fever. On physical examina-
tion, the right lower limb was cold and pale, and no
distal pulses were present. These findings were con-
sistent with acute arterial ischemia.

Arterial and venous Doppler ultrasound and com-
puted tomography (CT) angiography revealed throm-

bosis in the distal popliteal artery extending to the
posterior tibial artery, with no evidence of deep ve-
nous thrombosis.

Laboratory tests on admission revealed leukocy-
tosis (white blood cell count 64 370/mms3, with 86%
immature cells, consistent with blasts), thrombocy-
topenia (platelet count 47 000/mm3), mild anemia
(hemoglobin 12.4 g/dL, hematocrit 37.4%), and elevat-
ed creatine phosphokinase (CPK) (1331 U/L), with no
evidence of renal failure or elevated transaminases.

Given the suspicion of AML, consultation with
hematology experts was sought, who ordered a bone
marrow aspiration and biopsy. As the condition pro-
gressed, an initial hybrid therapy was performed.
This consisted of fluoroscopy-guided thrombectomy
using a Fogarty catheter and balloon angioplasty in
the popliteal artery, where an atherosclerotic plaque
was identified. Intraoperative angiography (Figure 1)
showed the following:

- Occlusion of the popliteal artery.

- Occlusion of the anterior tibial artery, not suitable
for revascularization.

- Occlusion of the peroneal artery with poor distal
blood flow.

- Occlusion of the posterior tibial artery with inad-
equate recanalization.

Thromboembolectomy was performed on the fem-
oropopliteal and tibial axes, achieving satisfactory
technical outcomes and initial clinical improvement.
However, due to early reocclusion, a repeat proce-
dure involving multilevel arteriotomy and extensive
thromboembolectomy was necessary.

The following day, the patient suffered an ischemic
stroke, as confirmed by magnetic resonance angiog-
raphy. This was attributed to AML. Meanwhile, the
affected limb progressed to necrosis with recurrent
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Fig. 1. Angiography showing arterial thrombosis of the right
lower limb.

Fig. 2. Infracondylar amputation of the right lower limb

A

obstruction on Doppler ultrasound, so an infracondy-
lar amputation was performed (Figure 2).
In the immediate postoperative period, the patient

remained stable. However, 48 hours later, he devel-
oped a surgical wound infection and was treated with
piperacillin-tazobactam and vancomycin. Seventy-two
hours after the onset of symptoms, the patient suf-
fered a cardiorespiratory arrest and died.

The case was interpreted as AML with multiple
arterial thrombotic events mediated by hyperleuko-
cytosis and leukostasis, resulting in a fatal outcome
despite the multidisciplinary approach.

Arterial ischemia at the onset of AML is rare and
has only been documented in isolated reports. (5,6)
The disease usually presents insidiously with consti-
tutional symptoms, hemorrhages or pancytopenia.
1,2)

The pathophysiology is multifactorial. Leukostasis
involves microvascular obstruction caused by the ac-
cumulation of blasts, resulting in hypoperfusion and
secondary thrombosis. (3) Although it is classically as-
sociated with a leukocyte count >100 000/mms3, cellu-
lar adhesion and the interaction with the endothelium
allow it to occur even at lower counts. (3) In this case,
with a leukocyte count of 64 370/ mm? and 86% blasts,
the “microleukostasis phenomenon” (leukostasis in
microvessels) likely occurred.

In addition, AML induces a systemic prothrom-
botic state through multiple mechanisms, including
tissue factor expression in blasts, cytokine release,
endothelial activation, and platelet dysfunction. This
leads to arterial and venous thrombosis, which is a
different phenomenon from atherothrombosis or car-
diogenic embolism. There are reports of thrombi pre-
dominantly composed of blasts. (4)

The literature reflects the uncommon and severe
nature of this condition. A systematic review identi-
fied 26 cases of arterial ischemia in acute leukemia
over four decades, with approximately half occurring
in AML. Amputation rates were 30%, and 30-day mor-
tality was high. (5) Case reports, such as that of Kaf-
etzakis et al., have documented femoral thrombosis
without underlying atherosclerosis, attributing it to
leukostasis and the intrinsic hypercoagulability of the
disease. (6)

Management requires an emergency multidiscipli-
nary approach. Alongside vascular surgery, immediate
measures to treat hematologic malignancies, such as
leukapheresis and induction chemotherapy, must be
promptly initiated to reduce the tumor burden and
improve perfusion. (3)

In conclusion, AML may initially present with
atypical symptoms, such as acute arterial ischemia of
a lower limb. This case emphasizes the importance of
considering a wide range of potential diagnoses in cas-
es of sudden ischemia in previously healthy patients
with no cardiovascular risk factors. Identifying AML
as an underlying cause of arterial events enables time-
ly referral to hematology specialists and the initiation
of specific treatment. The case also highlights the
importance of interdisciplinary collaboration among
different departments, such as Emergency, Vascular
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Surgery, Intensive Care, and Hematology, to achieve
an accurate diagnosis and optimize therapy.
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Sinus node dysfunction (SND) and atrioventricular
block may require pacemaker (PM) implantation in
patients with orthotopic heart transplantation (OHT).

This is a case of a female patient with post-OHT SND

who underwent DDR PM implantation and developed

pacemaker-induced cardiomyopathy and left ventricu-
lar systolic dysfunction, which required an upgrade to
left bundle-branch pacing (LBBP).

The patient was a 26-year-old female, who under-
went an OHT in 2012 due to dilated cardiomyopa-
thy requiring extracorporeal membrane oxygenation
(ECMO) support for 14 days. In 2019, a dual-chamber
pacemaker was implanted due to SND, and during
the last year, she was hospitalized for dengue and in-
fectious endocarditis. She required explantation and
reimplantation of the pacemaker. An endomyocardial
biopsy (EMB) was indicated in the context of acute
dengue because of a drop in left ventricular ejection
fraction (LVEF). The biopsy showed mild, grade 1R re-
jection (ISHLT 2005), pAMR1 (+). The patient did not
receive treatment; the subsequent EMB showed no re-
jection and a LVEF of 52%. She showed an increase in
the percentage of ventricular pacing (VP 92%) and a
deterioration in LVEE, so the following studies were
performed:

- Cardiac Doppler ultrasound: Left ventricular
dilatation with left ventricular diastolic diameter
(LVDD) of 54 mm, indexed 33.5 mm/m2. LVEF
40%. Akinesia of the basal inferoseptal, inferior,
and basal and mid inferolateral walls. Abnormal
interventricular septum motion. Right ventricle
(RV) normal. Moderate mitral regurgitation (MR)
due to restrictive closure of the posterior leaflet.
Moderate tricuspid regurgitation (TR) with cen-
tral jet. Systolic pulmonary artery pressure (sPAP)

30 mmHg. E-wave deceleration time 91 ms. Pul-
monary acceleration time 148 ms. Isovolumic re-
laxation time 83 msec.

- Holter electrocardiography (ECG): PM rhythm

(atrial sensing (AS)-ventricular pacing (VP) at

80 bpm (60-88); 655 premature supraventricular

beats (PSVBs) with no runs of tachycardia (<1%).

No pauses.

- ECG: atrial sensing and ventricular pacing at 60
bpm with isolated PSVBs (Figure 1A).

- Cine-coronary angiography (cine-CAG): no signifi-
cant angiographic lesions. Mild lesion in the mid-
segment of the circumflex artery.

- Intervalometer data: DDD mode (60-130 bpm).
ECG AS/VP (AP 23%, VP 92.4%). Battery 10A/3.02
V. AV interval 180-150 ms. Sensing: P wave 0.4 mV,
R wave dependent. Outputs: RA 3.5V/0.4 ms, RV
2.5 V/0.4 ms. Thresholds: RA NR (AT/AF), RV 0.5
V/0.4 ms. Impedances: RA 361 Q, RV 380 Q. From
September 20 to September 27: AT/AF episodes
with RA lead sensing failure.

- Endomyocardial biopsy: EM GO ISHLT.

Current treatment: tacrolimus, meprednisone, ra-
pamycin, acetylsalicylic acid, bisoprolol, B complex,
rosuvastatin, folic acid, ferrous sulfate, magnesium,
potassium, lamotrigine,brivaracetam, trimetoprime,
sulfametoxazol, warfarin.

Progression to left ventricular systolic dysfunc-
tion was interpreted as pacemaker-induced cardio-
myopathy due to the high percentage of ventricular
pacing. It was decided to upgrade to physiological left
bundle-branch pacing and to reposition the RA lead.
A right deltopectoral incision was made, the generator
was exposed, and the RA lead was extracted by simple
traction. A right jugular puncture was performed, and
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Fig. 1. A. Pre-implantation ECG: dual-chamber pacemaker rhythm with a pattern consistent with complete left bundle-branch
block (LBBB). B. ECG during implantation showing QRS duration of 135 ms and a patent rSR’ pattern in lead V1. C. Post-implan-
tation chest X-ray. D. Post-implantation ECG showing QRS duration of 135 ms and negative T waves in the anterolateral leads
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a 7 Fr introducer was advanced. A curved sheath was
inserted into the right ventricle and positioned in the
interventricular septum. An active fixation lead (Se-
lect Secure MRI Surescan, Medtronic) was advanced
and fixed to the septum to achieve left bundle- branch.
An 8 Fr introducer sheath was then inserted via the
right subclavian puncture under the clavicle, and the
lead was advanced and secured in the right atrium
with an adequate threshold. It was connected to the
DR generator in the pectoral pocket. The previous
right ventricular lead was removed by simple traction
without complications.

Post-implantation electrocardiography: Sinus
rhythm 60 bpm, QRS 135 ms with rSR’ pattern in V1
(Figures 1B and 1D).

Chest X-ray: Normally positioned leads without
complications (Figure 1C).

The most common conduction abnormality fol-
lowing heart transplantation is right bundle-branch
block. (1-2) In this case, the patient developed SND
requiring permanent cardiac pacing and subsequently
progressed to increased ventricular pacing require-
ments, leading to left ventricular systolic dysfunction
(LVSD). (3) Common etiologies of LVSD were ruled
out through cine-CAG and EMB. Although mild cel-
lular rejection cannot be completely ruled out as the
cause of late graft failure, the lack of improvement in
LVEF with immunosuppression argues against it be-
ing the cause of LVSD. A pacemaker with LBBP was

then implanted.

To our knowledge, this is the first case reported in
Argentina of LVSD due to a high percentage of ven-
tricular pacing in a transplanted heart treated with
LBBP. We believe that the temporal relationship be-
tween the high percentage of pacing and the devel-
opment of LVSD, followed by an adequate response,
would demonstrate pacing-induced cardiomyopathy.
(4-5) LBBP corrected the pacing-induced pseudo-left
bundle branch block (LBBB), thus overcoming the
electrical dyssinchrony caused by the pacemaker. Six
months later, new echocardiographic measurements
of LV function will be performed to assess its progres-
sion.
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I OPINION ARTICLE

Two Views on Congestion

Dos visiones sobre la congestion

Is It Time to Incorporate Urinary Sodium as a Therapeutic Guideline in

Heart Failure?

CRISTHIAN EMMANUEL SCATULARQ"M™AC & JORGE THIERER? MTSAC,

Acute heart failure (AHF) is one of the leading caus-
es of hospitalization in people over 65 years of age
worldwide, with an in-hospital mortality rate of up
to 7%. Despite notable advances in pharmacological
and device-based management, optimizing diuretic
treatment remains one of the most complex and least
standardized clinical aspects. (1-3)

For decades, the evaluation of diuretic response
has been based on indirect parameters such as body
weight, total diuresis, water balance, and clinical as-
sessment of congestion. However, these indicators
have low sensitivity and specificity, especially in pa-
tients with advanced HF, refractory congestion, or
impaired renal function. (1-3) In this context, urinary
sodium measurement emerges as a tool both for as-
sessing diuretic efficiency (4-11) and for guiding de-
congestive treatment. (12-16)

The recent position paper "Urinary sodium analy-
sis: The key to effective diuretic titration?", published
by Meekers et al. in the European Journal of Heart
Failure, (17) presents a detailed and critical review of
the renal mechanisms involved in water and salt re-
tention in patients with AHF, therapeutic options in
cases of diuretic resistance (DR), and the role of uri-
nary sodium in monitoring and therapeutic guidance
in these patients.

Patients with significant neurohormonal activa-
tion, chronic or acute renal impairment due to con-
gestion and reduced renal perfusion, as well as those
with hypoalbuminemia and chronic use of furosem-
ide, experience greater water and salt retention and
less effective diuretic treatment. (15,16) This condi-
tion, known as DR, can occur in up to 40% of cases
of AHF and undoubtedly constitutes a therapeutic
challenge. In these patients, a combination of diuret-
ics to block sodium reabsorption in different sectors of
the nephron could be beneficial, requiring careful and
individualized evaluation of congestion and diuretic

response. (15,16) It is then when multiparametric as-
sessment of congestion and measurement of diuretic
efficacy expressed by natriuresis become essential.

The document provides a review of the main stud-
ies that demonstrated benefits in terms of deconges-
tion from the combination of diuretics in patients
with DR.

The ADVOR (intravenous acetazolamide 500 mg/
day vs. placebo) and CLOROTIC (hydrochlorothiazide
25-100 mg/day adjusted for renal function vs. placebo)
studies have shown that adding these drugs to intra-
venous furosemide in patients with DR is associated
with increased diuresis, natriuresis, weight loss, and
successful clinical decongestion, with no impact on
mortality or readmissions for HF, and with increased
risk of worsening renal function and hypokalemia
with hydrochlorothiazide. (18,19)

Mineralocorticoid receptor antagonists could be
useful in patients with acute HF and DR, as demon-
strated by the ATHENA study, (20) although they
have a slower onset of action and are therefore prob-
ably not useful in patients who require aggressive and
rapid decongestion due to the clinical severity of their
condition. The possibility of using gliflozins in pa-
tients with acute HF is also noteworthy, as they have
demonstrated an adequate safety and efficacy profile
in various studies, (21-24) although their diuretic ac-
tion also begins at approximately 48 hours. (25) Al-
though dapagliflozin was not superior to metazolone
in patients with AHF and DR in the DAPA-RESIST
study, (26) it should be noted that gliflozins provide
additional modest diuresis and have long-term car-
dio- and nephroprotective effects. (27) It is possible
that both drugs, antialdosterone agents and gliflozins,
will be reserved for patients with AHF and DR with
a certain degree of compensation or possibly close to
discharge.

Given the complexity of decongestive treatment,
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urinary sodium measurement emerges as a direct,
quantifiable, and dynamic tool for assessing the actu-
al natriuretic effect of intravenous diuretics, allowing
for objective evaluation of the therapeutic response in
the first hours after administration. In addition, there
is significant evidence supporting the association be-
tween natriuresis in patients with AHF and in-hos-
pital evolution and outpatient follow-up at 6 months
after the event. (4-11)

The use of urinary sodium in spot samples, gener-
ally 2 hours after diuretic administration, is an early
marker of response and may allow for more agile and
personalized treatment titration, thus reducing clini-
cal variability in congestion management, medical in-
ertia, and risk of failure during decongestion. (15,16)
Diuretic titration is recommended if the urinary so-
dium concentration is <70 mmol/L, bearing in mind
that other cut-off points such as 50 meq/L are less sen-
sitive in detecting patients with DR, and of course tak-
ing into account a urinary volume of less than 100-150
mL/h. (17) In a recently published study in Argentina,
a single measurement of natriuresis 2 hours after a
40 mg intravenous bolus of furosemide upon hospital
admission, with a cutoff point of 70 meq/L, was associ-
ated with worse in-hospital outcomes (DR, persistent
congestion, use of more aggressive decongestion ther-
apies and inotropes, and cardiovascular death). (11)

Finally, Meekers et al. present a possible algorithm
for the therapeutic management of diuretics based on
urinary sodium in patients with acute HF and DR,
which attempts to summarize the evidence on the ben-
efits of using tubular blockade and of three important
studies that demonstrated significant improvements
in natriuresis and diuresis when following therapeu-
tic guidelines based on urinary sodium (ENACT-HEF,
PUSH-AHE, and EASY-HF). (28-30)

This is a pragmatic algorithm for managing diu-
retic therapy and assessing congestion, with fewer
urinary sodium measurements but a more aggressive
and early approach to tubular blockade than other
previously proposed algorithms. (15,16) Although
this would possibly reduce hospital stay and achieve
greater success in decongestion, it necessarily implies
closer control of blood volume status, tissue conges-
tion, and the possible adverse effects of these drugs. In
addition, the greater benefit of combining acetazola-
mide with thiazides is emphasized due to its better
renal safety profile, as evidenced in the ADVOR and
CLOROTIC trials, (18,19) although the choice must
undoubtedly be personalized based on renal function
and electrolyte and acid-base imbalances.

It is important to recognize that the available evi-
dence, while promising, still lacks randomized clinical
trials demonstrating a direct impact of this strategy
on hard clinical outcomes such as mortality or read-
missions. Furthermore, the usefulness of measuring
natriuresis after 24-48 hours has not yet been demon-
strated, so this strategy would be limited to the first
day of hospitalization. Finally, serial measurement of

natriuresis as a routine tool presents logistical and ed-
ucational challenges, especially in centers with limited
resources or no experience with standardized moni-
toring protocols. Therefore an institutional strategy
including interdisciplinary training and adaptation of
laboratory systems is required. to enable rapid and re-
liable analyses

Clinical trials are underway to evaluate the influ-
ence of dietary sodium and fluid intake on urinary
sodium concentration and the role of urinary sodium
concentration in later stages of decongestion.

In conclusion, Meekers et al.’s work reevaluates
an underutilized tool in clinical practice that will po-
tentially transform the management of congestion in
patients with acute HF. We are facing a potential para-
digm change, in which basic physiology returns to the
center of clinical decision-making. The challenge now
is to validate this strategy in prospective studies and
facilitate its adoption in a safe and cost-effective man-
ner. The remaining question is when and how to sys-
tematically integrate natriuresis measurement into
our therapeutic algorithms.
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Decompensated heart failure: diuretics are necessary, but not sufficient

LUCRECIA MARIA BURGOS' @, NICOLE GOULD™®, ENRIQUE FAIRMAN'

Congestion is a constant feature in the clinical course
of patients with heart failure (HF). Its presence not
only marks the onset of acute symptoms, but also per-
sists—clinically or subclinically—during stable phases
and even after hospitalization. This chronicity of the
congestive state has consolidated the role of diuretics
as a mainstay of treatment for decades. However, re-
cent advances in understanding the pathophysiology

of HF compel us to question whether we are treating
the consequence rather than the cause.

FROM PATHOPHYSIOLOGY TO CLINICAL PRACTICE: THE
CENTRAL ROLE OF SODIUM APPETITE

Congestion, far from being a purely hemodynamic or
volume phenomenon, is the clinical manifestation of a
renal sodium appetite condition which is mediated by
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multiple interrelated mechanisms: activation of the
renin-angiotensin-aldosterone system (RAAS), sym-
pathetic stimulation, non-osmotic vasopressin secre-
tion, resistance to natriuretic peptides, and a persis-
tent proinflammatory environment. These processes
not only perpetuate water and salt retention but also
promote disease progression.

In this context, the administration of diuretics—
especially loop diuretics—provides rapid symptomatic
relief through forced excretion of sodium and water.
However, it does not modify the underlying pathophys-
iological mechanisms and may even exacerbate them
by inducing compensatory neurohormonal activation.
The stimulation of renin secretion by hypovolemia or
by chloride transport blockade in the macula densa is
a clear example of this response. In the long term, this
activation promotes diuretic resistance, creating a vi-
cious cycle of increasing doses and decreasing efficacy.

Clinical evidence supports this view. Trials such
as DOSE-AHF (Diuretic strategies in patients with
acute decompensated heart failure), (1) ADVOR (Ac-
etazolamide in acute decompensated heart failure with
overload), (2) and CLOROTIC (Combining loop with
thiazide diuretics for decompensated heart failure), (3)
have shown that, although diuretic intensification im-
proves symptoms and volume, it is not associated with
a reduction in mortality or rehospitalization rates.
Moreover, strategies such as ultrafiltration have not
shown sustained benefits and may be associated with
adverse renal events, as observed in the CARRESS-
HF study (Ulérafiltration in decompensated heart fail-
ure with cardiorenal syndrome).(4) In parallel, urinary
sodium has emerged as a useful tool to guide treat-
ment response, as shown in the PUSH-AHF (Prag-
matic urinary sodium-based algorithm in acute heart
failure) (5) and ENACT-HF (Protocolized natriuresis
guided decongestion improves diuretic response: the
maulticenter ENACT-HF study) studies. (6) Strategies
focused exclusively on volume removal have failed to
improve mid-term clinical outcomes.

A PARADIGM SHIFT: TREATING THE CAUSE, NOT JUST THE
SYMPTOMS

The new approach proposed by Biegus et al. (7) is
based on a simple but disruptive idea: decongestion
should focus on correcting the mechanisms that cause
it. In this model, diuretics are necessary for acute vol-

ume control, but their use must be accompanied—and
ideally followed—Dby the rapid implementation and es-
calation of disease-modifying treatment or Guideline
Directed Medical Therapy (GDMT).

Recent studies support this paradigm. The
STRONG-HF trial (Safety, tolerability, and efficacy
of up titration of guideline directed medical therapies
for acute heart failure) (8) demonstrated that an in-
tensive strategy of early titration of angiotensin II
receptor blockers and neprilysin inhibitors (ARNI),
beta-blockers, and mineralocorticoid antagonists in
the post-discharge period significantly reduced clini-
cal events at 90 days, with a lower requirement for
diuretics. Similar findings were observed in the EM-
PULSE (Empagliflozin in patients hospitalized for
acute heart failure) study with empagliflozin, (9) and
PIONEER (Angiotensin Neprilysin inhibition in acute
decompensated heart failure) (10) studies, and the
PARAGLIDE-HF (Out-of-Hospital Initiation of Sa-
cubitril/Valsartan Versus Valsartan in patients with
mildly reduced or preserved ejection fraction and wors-
ening heart failure) study with sacubitril/valsartan.
(11) These treatments not only improved congestion
in a more sustained manner, but also reduced hospi-
talization and the need for subsequent symptomatic
intervention. (Table)

THE VULNERABLE PHASE: AN OPPORTUNITY TO
INTERVENE

Three key stages in the evolution of HF may be con-
sidered: the stable phase, acute decompensation, and
the vulnerable phase after discharge. The latter, his-
torically neglected, is where the greatest risk of events
is concentrated. It is also a critical therapeutic win-
dow for consolidating decongestion and modifying the
course of the disease. At this point, intensification of
GDMT is more effective than any diuretic combina-
tion.

The message is clear: it is not enough to "remove
water." Just as in myocardial infarction we do not limit
ourselves to treating pain, in HF we should not be sat-
isfied with treating edema. The future of treatment
for decompensated HF is moving toward integrating
decongestion as a necessary goal, but subordinate to a
strategy that prioritizes intervention on pathophysiol-
ogy. In this way, we can achieve more lasting control,
with fewer events and a better prognosis. (Figure)

Table. Paradigms in the treatment of congestion

Classic paradigm

Current paradigm

(focused on diuretics)

Objective Rapid relief of symptoms
Strategy Scale up diuretic doses
Effect Transient natriuresis
Outcome No change in events

GDMT: guideline directed medical treatment

(focused on pathophysiology)
Modify the course of the disease
Early GDMT initiation and tritration
Sustained reduction in Na* appetite

Lower risk of hospitalization and death
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Addressing Residual Risk in Type 2 Diabetes

Abordaje del riesgo residual en Diabetes tipo 2

RODRIGO ESPARZA IRAOLA™

Type 2 diabetes mellitus (T2DM) represents a global
public health challenge. In 2022, it affected 830 mil-
lion people, with a higher prevalence in low-income
countries (1). This disease is linked to an elevated
risk of cardiovascular complications such as coronary
heart disease, heart failure, stroke, atrial fibrillation,
peripheral vascular disease, and chronic kidney dis-
ease. In 2021, it was directly responsible for 1.6 mil-
lion deaths, almost half of which occurred before the
age of 70. (1)

Intensive control of classic risk factors -blood glu-
cose, blood pressure, and LDL-C- has been shown to
reduce mortality and cardiovascular events. However,
a residual risk remains, with hypertriglyceridemia as
an independent risk marker. Elevated triglyceride lev-
els are associated with increased mortality in patients
with coronary artery disease, reinforcing the need for
complementary strategies. (2)

In this context, the REDUCE-IT trial showed that
icosapent ethyl (IPE) reduces cardiovascular events
by 25% in patients with atherosclerotic disease or
T2DM with risk factors, leading to its inclusion in in-
ternational guidelines. (3, 4)

The study published in the Argentine Journal of
Cardiology, "Eligibility for icosapent ethyl in a real-
world population of patients with type 2 diabetes in the
Argentine Republic," provides relevant local evidence.
(5) Analyzing data from the registry of the Cardiomet-
abolic Council of the Argentine Society of Cardiology,
the authors observed that one in five patients with
T2DM would meet the criteria for receiving IPE, with
a higher proportion in secondary prevention (22.8%)
than in primary prevention (15.5%). This finding un-
derscores the importance of identifying residual risk
in clinical practice and considering specific interven-
tions to reduce it.

A striking finding is that only 25.9% of patients
were receiving hypoglycemic drugs with proven car-
diovascular benefits, which shows marked therapeutic
inertia. This widely documented phenomenon delays

the implementation of effective treatments and con-
tributes to a worse prognosis in patients. The causes
are multiple and complex: from professional factors
(lack of time, lack of knowledge, fear of adverse ef-
fects) and patient factors (low adherence, low percep-
tion of risk) to healthcare system barriers (access and
coverage). There is need to investigate the causes of
undertreatment in T2DM and other cardiovascular
diseases, as therapeutic inertia compromises the ef-
fectiveness of preventive strategies and results in un-
favorable clinical outcomes.

In conclusion, this study not only estimates how
many patients with T2DM in an Argentine popula-
tion would be candidates for IPE, but also alerts us
to the need to actively address therapeutic inertia and
optimize the use of therapies with proven benefits.
Recognizing and treating residual risk is essential for
advances in scientific evidence to translate into actual
benefits for patients.
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We would like to thank Dr. Rodrigo Esparza Iraola for
his observations and comments regarding our recent-
ly published article.

We agree with his reflection on the importance of
identifying residual risk in daily practice in order to
implement interventions aimed at reducing it, ethyl
icosapentenoate being one possible strategy for this
purpose.

When discussing residual risk in diabetes, Lawler
et al. propose the use of drugs with proven cardiovas-
cular benefits (GLP-1 receptor agonists and sodium-
glucose cotransporter 2 inhibitors) as a strategy to
reduce it. 1. In this regard, we agree with Dr. Esparza
Iraola that 3 out of 4 patients did not receive these
groups of drugs and that inertia might be its cause.
However, it is important to note that we used data
from a cohort of patients evaluated between May and
July 2019 to carry out this work. 2. We consider this
factor to be important since this date coincides with
the publication of cardiovascular safety studies of
different molecules in populations with lower cardio-
vascular risk than those included in the first studies

Moreover, it precedes the publication of international
and national guidelines with the participation of sci-
entific cardiology societies in which these drugs are
included as part of the recommendations for reducing
cardiovascular risk. On the other hand, as Dr. Espar-
za Iraola rightly points out, there are related issues
that we must consider as barriers in the healthcare
system. In this regard, Resolution 2820/2002 updated
Annex I on the “Rules for the Provision of Medicines
and Supplies for People with Diabetes,” included the
first of the two groups of drugs with proven cardio-
vascular benefits (SGLT2 inhibitors) as medications
covered by the healhtcasre system for certain patients
with type 2 diabetes. 3. We would like to thank you
once again for the contributions highlighted in your
letter, as they enrich the debate on such an important
issue as the underuse of strategies with evidence of
reducing cardiovascular risk.

Augusto Lavalle Cobo MTsAC
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Genetic Testing in Hypertrophic Cardiomyopathy, Beyond the Initial

Result

Estudio genético en miocardiopatia hipertrofica, mas alla del resultado inicial

GUIDO ANTONIUTTI™

Understanding the clinical characteristics of our pop-
ulation enables the optimal allocation of healthcare
resources, ensuring that the greatest number of pa-
tients benefit from the available means according to
their clinical impact. Hypertrophic cardiomyopathy

(HCM) is a clear example of a disease that must be
analyzed from the workup process to the therapeutic
approach, both of which are expensive. This analysis
should be conducted with the aim of predicting and
preventing the most serious outcomes, such as sudden
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cardiac death and progression to heart failure, with
the greatest possible specificity, while maintaining
sensitivity.

The study by Parodi JB et al. (1) is a highly rel-
evant population-based analysis that aligns with pre-
vious studies that have attempted to predict which pa-
tients with HCM will have a pathogenic (P) or likely
pathogenic (LP) variant in genetic testing, such as
that of Bos JM et al. (2), which led to the development
of the Mayo Clinic score in 2014. Both studies agree,
even though they involve different populations, that
the reverse septal curvature pattern is associated with
a higher probability of a positive genetic test with P or
LP variants.

Hypertrophic cardiomyopathy has traditionally
been considered a monogenic disease caused by vari-
ants in sarcomeric genes. While this assessment is
not false, it is incomplete. A detailed analysis of sar-
comeric genes can identify the genetic cause in 30 to
60% of cases, according to the series reported. If we
only consider this pathogenesis, we would be leav-
ing 40-70% of diagnosed patients without a genetic
explanation for their disease. The constant analysis
of variants found necessitates periodic reviews of
genetic tests to assess the potential reclassification
of those previously designated as negative as posi-
tive. One such example is the p.Arg652Lys variant in
MYHY7 (3) in a region of Spain, which was previously
considered a variant of uncertain significance (VUS)
and is currently P. In this context, the recent iden-
tification of non-sarcomeric genes associated with
HCM, such as FHOD3, (4) has expanded the genetic
spectrum of the disease. An analysis of intermediate-
effect variants (IEVs) has recently been published.
While these variants do not reach the category of P
or LP, they influence the development of the disease.
According to Garcia Hernandez S et al., (5) these
IEVs account for 4.8% of HCM cases and modulate
both the phenotype and clinical events when found
in combination with P or LP variants.

Given the aforementioned reasons, it is imperative
to ascertain the population to which patients with
HCM belong and, following the results of a genetic
test, to carry out a detailed analysis of the variants
found. This analysis should consider the possibility of
finding VUS or IEVs as the ultimate causes of the dis-
ease. A thorough understanding of HCM genetics im-
proves diagnostic accuracy, facilitates optimized risk
stratification, and allows for personalized therapeutic
decisions)
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We thank Dr. Guido Antoniutti for his valuable com-
ments on our study and fully agree with his assess-
ments.

Hypertrophic cardiomyopathy (HCM) is essentially
a genetic disease, and advances in molecular research
continue to refine our understanding. While a signifi-
cant proportion of cases can be explained by pathogenic
variants in sarcomeric, structural, or regulatory genes,
usually with an autosomal dominant pattern of inherit-
ance, we already know that this monogenic model does
not encompass the full complexity of the disease. After
a thorough analysis of the genetic test results, some pa-
tients remain genetically elusive. This can comprise 30
to 60% of cases, depending on the series, and could be
explained by the combined contribution of rare inter-
mediate-effect variants (oligogenic model) or the cumu-
lative impact of common low-effect variants (polygenic
model). The characterization of these intermediate-
effect variants, as Dr. Antoniutti has correctly pointed
out, represents a significant advance for a better un-
derstanding of the genetic origin of HCM.

We also recognize the importance of regularly re-
viewing genetic test results, taking into account the
potential for reclassifying variants and identifying ad-
ditional implicated genes.

We would like to thank Dr Antoniutti for his com-
ments again, which enhance the interpretation of ge-
netic research in HCM and promote a comprehensive
understanding of this complex disease.

Josefina Parodi
On behalf of the authors
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Impact and Significance of the SONQO-CALCHAQUI Program on
Cardiovascular Health in Indigenous Communities

Impacto y significado del Programa SONQO-CALCHAQUI en la salud cardiovascular de las

comunidades originarias

MARIA GABRIELA AGUIRRE MAJUL"

The SONQO-CALCHAQUI Program (1-4) exemplifies
efforts to promote cardiovascular health in indigenous
communities in northern Argentina, particularly in
the Calchaqui Valleys. In my view, this project not
only offers a comprehensive medical approach, but
also reflects a deep commitment to cultural preserva-
tion and respect for the unique characteristics of high-
altitude populations.

First, it is essential to emphasize the significance of
this initiative in terms of healthcare accessibility. The
populations of Cachi, Coranzuli, and Quilmes live in
isolated environments with extremely limited access
to specialized medical care. SONQO-CALCHAQUI
offers a comprehensive evaluation in a few hours
encompassing laboratory tests, electrocardiogram,
echocardiogram, vascular tests, and physical endur-
ance tests. This enables hundreds of people to receive
crucial information for the prevention and monitoring
of cardiovascular diseases in a single day, which would
otherwise require years of fragmented care.

The program also demonstrates a remarkable bal-
ance between science and cultural sensitivity. The
evaluation takes into account the population's diet,
which combines indigenous elements, such as llama
meat and local vegetables, with processed products.
Recommendations are contextualized without impos-
ing urban models that may be impractical or foreign.
By measuring physical activity, sleep, and lifestyle
habits, professionals can take a comprehensive ap-
proach that respects local identity.

However, this effort also highlights a critical chal-
lenge: the increasing westernization. The presence of
overweight, obesity, and waist circumference altera-
tions indicates that changes in eating habits and life-
style could affect the long-term cardiovascular health
of these communities. Therefore, I believe it is cru-
cial for future programs to keep on promoting early
detection and educating people about healthy habits,
adapted to the local worldview and resources.

Finally, SONQO-CALCHAQUI serves as a replica-

ble model for other rural and isolated territories, dem-
onstrating that the combination of technology, profes-
sional training, and cultural respect can generate a
real and sustained impact.

This program demonstrates how preventive medi-
cine can be effective and become more humane. It
provides medical data and raises awareness about the
overall health of historically marginalized communi-
ties.

In summary, SONQO-CALCHAQUI is more than
just a cardiovascular study; it is a commitment to life,
culture, and health equity. Projects of this magnitude
deserve attention, ongoing support and replicability
because they demonstrate how science can serve those
in need in a direct and respectful manner.
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We appreciate the summary made by Dr. Maria Ga-
briela Aguirre Majul of the different editions of the
SONQO Calchaqui Program. As the doctor indicates,
the idea behind this program is to conduct cardiovas-
cular assessments of the indigenous populations in
the valleys of northwestern Argentina and to study
their lifestyle within its sociocultural context. Al-
though the communities studied share similar charac-
teristics in several respects, each community has dis-
tinctive features that must be addressed specifically.
In this regard, the most recent edition, completed in

early October of this year in Susques (Jujuy, at 3,890
meters above sea level), included researchers in the
social sciences. We share the reader's concern about
the westernization of lifestyles that is being observed.
To that end, joint actions by scientific societies, uni-
versities, and health systems are necessary to support
these communities in maintaining healthy lifestyles
and modifying those that are not.
Yours sincerely,

Claudio Joo Turoni MTsAC
on behalf of the authors

A Functional Look at Transthyretin Cardiac Amyloidosis Beyond

Deposition

Mas alla del depdsito, una mirada funcional a la amiloidosis cardiaca por transtiretina

JULIO NAPOLI" & JONATHAN COLAIACOVO?®, MARIA BEATRIZ SOLA Y PAZ GARCILASO DE LA VEGA?

Cardiac transthyretin amyloidosis (ATTR-CA) is no
longer a rare and silent entity but has rather become
a diagnostic and therapeutic challenge for modern
cardiology. We know that the extracellular deposition
of misfolded amyloid protein in cardiac tissue has a
significant impact on ventricular function. The article
by Carvelli MV et al. invites us to look beyond amy-
loid deposition and explore its relationship with my-
ocardial flow reserve (MFR) and global longitudinal
strain, thereby evaluating the functional dimension
that could predict ventricular deterioration. (1)

Previous literature has documented microvascu-
lar dysfunction in amyloidosis and other infiltrative
cardiomyopathies using various noninvasive tech-
niques, including positron emission tomography, the
gold standard, (2,3) cardiac magnetic resonance im-
aging, transthoracic Doppler echocardiography, and
contrast-enhanced echocardiography.

Using cadmium-zinc-tellurium (CZT-SPECT) de-
tectors, the authors achieved simultaneous assess-
ment of perfusion and amyloid distribution with a
resolution that redefines the limits of nuclear imag-
ing. The finding of reduced MFR in patients with
ATTR-CA, even in the absence of epicardial coronary

artery disease, supports the hypothesis that microvas-
cular dysfunction is a key pathophysiological mecha-
nism. (4) However, the most striking aspect of the
study is what was not found: no correlation between
the magnitude of amyloid deposition, global longitudi-
nal strain and MFR.

This result invites us to rethink the paradigm. Is
amyloid deposition the only relevant factor in the func-
tional progression of the disease? Or are we facing a
more complex interaction between inflammation, ex-
trinsic compression, and tissue toxicity? The homoge-
neous distribution of amyloid observed in polar maps
challenges the classic "Japan flag plot pattern" and
suggests that functional deterioration may precede or
even be independent of structural compromise.

The study also introduces a methodological innova-
tion: the measurement of MFR using CZT-SPECT, an
accessible, reproducible, and noninvasive technique.
In this context, MFR emerges not only as a physi-
ological marker but also as a potential tool to inform
prognostic stratification and therapeutic follow-up. A
reduction in MFR could anticipate symptoms of angi-
na and functional deterioration or guide the initiation
of specific therapies such as tafamidis.
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In line with this perspective, it is worth mention-
ing the AMYTRE protocol, (5) conducted by Bastien
Vancon et al., which aims to confirm coronary micro-
vascular dysfunction and evaluate the effect of tafa-
midis on it. The primary outcome will be the variation
of stress and rest myocardial blood flow and MFR be-
tween baseline and 24 months after tafamidis treat-
ment.

In conclusion, this study marks a turning point in
ATTR-CA research, despite its limited sample size. It
reminds us that seeing the deposition is not enough;
we must also understand its functional impact. The
future of cardiology will combine diagnostic accuracy
with physiological sensitivity. This paper is a signifi-
cant step in that direction, inviting further explora-
tion of the heart beyond its anatomy.
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A Three-year Strategic Plan and a Historic SAC Congress

Un plan estratégico por 3 anos y un Congreso SAC histdrico

The Strategic Plan (SP) was presented at the 25th
SAC Congress, which was reflected in the design of
the event: organization, aesthetics, academic activi-
ties, communication, and scientific program. The con-
gress placed the patient at the center and recalled the
history and raison d’étre of our Society.

WHAT IS THE STRATEGIC PLAN (SP)?

The SP is a general framework or guide to orient
the decisions of the Argentine Society of Cardiology
(SAC), with the aim of ensuring its coherent and sus-
tainable development over time. It serves to guide
actions and investments (in capabilities, time, and
funds) and does not condition the initiatives of each
member or limit the exercise of the roles assigned to
managers in the performance of their duties.

The SP is based on a management consensus
aimed at improving decision-making, increasing or-
ganizational efficiency, and enhancing the SAC’s con-
tribution to cardiovascular health in the country. A
participatory approach was chosen for its implemen-
tation, convened by the Presidency and composed of
members of the Board of Directors and leaders from
different functions within the SAC. Workshops and
group meetings were held to gather ideas that, by con-
sensus, should be included in the SP, with an initial
time frame of three SAC government terms.

MISSION AND INSTITUTIONAL COMMITMENT

The SAC is committed to cardiovascular health in Ar-
gentina, striving for excellence in training, equity, and
quality in the healthcare system. The SAC research-
es, teaches, and disseminates medical knowledge to
promote the training of qualified professionals and to
anticipate global trends in the cardiovascular field.

Pillars of the SP

Three pillars form the initial basis of the SP:

1. Education
The central objective is the development of the In-
stitute of Continuing Medical Education, a prelim-
inary step towards the SAC’s University Institute
of Continuing Education. This movement central-
izes and professionalizes the educational strategy,
the generation and transmission of knowledge in
medical sciences and cardiology, prioritizing pro-

fessional development through continuing medical
education focused on the benefit of patients. The
vision is to make the SAC a leading institution in
the training of health professionals, spearheading
knowledge generation and technological develop-
ment in cardiology at the national and interna-
tional levels.

2. Research
The aim is to generate scientific knowledge that
will improve clinical practice and the training of
highly qualified human resources in cardiology.
The goal is to produce rigorous and ethically sus-
tainable research, generating national data and
statistics on cardiovascular health. This block
aims to become the SAC’s scientific methodol-
ogy, representing the cardiovascular reality of the
country, promoting plural and federal participa-
tion, and promoting multicenter registries and the
inclusion of research centers throughout Argen-
tina.

3. SAC Members Area
The creation of the training program for lead-
ing cardiologists responds to the need to profes-
sionalize leadership and management within the
SAC, preparing it to face technological advances,
globalization, and social changes. To be sustain-
able over time, these guidelines must incorporate
criteria of social equity, allowing the development
of all people regardless of race, religion, or socio-
economic status.

STRATEGIC CHALLENGES FOR THE COMING YEARS

(SUMMARY)

1. Creation of the University Institute and profes-
sionalization of the teaching area, with the aim of
training human capital to take on transformative
leadership in the health system.

2. Development of the SAC professional career and
consolidation of the Membership Area, seeking to
strengthen management and leadership practices
to harmonize and optimize institutional processes.
The motto remains: “Where there is unity, there is
victory” (Ubi concordia, ibi victoria).

3. Formation of a National Network of Researchers
that guarantees representation of the population
and has continuous, high-quality records that are
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representative of the reality of the healthcare sys-

tem.

Consolidation of national, regional, and interna-

tional alliances that transcend the field of cardiol-

ogy.

5. Promotion of citizen participation through the
community arm of the Argentine Cardiology
Foundation.

6. Becoming a benchmark for cardiovascular health
before the Ministry of Health of the Nation, the
provinces, and the municipalities, with two con-
crete actions to reduce cardiovascular mortality:
a program of heart attack networks and strategies
for diagnosis, treatment, and blood pressure con-
trol.

ENVIRONMENT: FUTURE TRENDS AND CHALLENGES
Strategic analysis points to profound changes in car-
diology worldwide and, particularly, in our country
in recent years. Among these, the acceleration in the
development and implementation of innovations, di-
agnostic and therapeutic technologies, as well as the
emergence of artificial intelligence and its rapid ap-
plication in clinical practice, research, and manage-
ment stand out. In Argentina, these innovations co-
exist with challenges of infrastructure, accessibility,
inequalities, and a heterogeneous, fragmented, and
underfunded health system, conditions that impact
healthcare and continuing education.

The SAC is not immune to this environment; there-
fore, it must incorporate these realities when planning
and designing future projects and initiatives aimed at
collaborating in the training of more competent cardi-
ologists and in the defense of the cardiovascular health
of the population. Without quality human resources,
there can be no excellence in medical care.

Macro factors influencing the profession and society

The evolution of science and technology will generate

significant changes, among which the following stand

out:

* The integration of data and information on indi-
viduals and patients into large databases, access
to which could facilitate ministerial coordination
for the exclusive use of improving national health.

* Doctors could find their decisions constrained
when they contradict those derived from algo-
rithms; if these decisions are not correct, they
could be exposed to litigation. Defensive medicine
could shift from excessive testing to obedience to
the system.

* Medicine and cardiology will move toward modali-
ties that require emotional intelligence, communi-
cation, and shared decision-making in defense of
the patient, their context, and their family.

Macroeconomic and social challenges
* Aging population.
* Advances in life-prolonging treatments.

* Economic challenges arising from high healthcare
costs and inflation.

* Increased environmental pollution and its delete-
rious effects on cardiovascular health.

Professional societies of the future

The coming decades will demand radical changes in

a world that, through science, knowledge, and inno-

vation, will optimize patient care and outcomes. The

SAC must strengthen itself to become:

* The professional home of cardiologists, with
fair and transparent governance and actionable
knowledge for members, focused on people-cen-
tered medical care.

* A benchmark for quality, equity, and value in car-
diovascular care.

* A coordinator of centers for obtaining quality data
that will enable the generation of reliable knowl-
edge in indigenous research.

* An organization that evaluates and selects emerg-
ing technologies for best practice guidelines, with
cost-effectiveness analysis and regional applica-
tion.

* A leader in education that adapts to new para-
digms, providing information on emerging tech-
nologies and maintaining a critical approach to
evidence.

* A promoter of environmental health, nutrition,
healthy habits, and mental health among the pop-
ulation.

* Support for cardiologists facing exhaustion and
burnout, especially during health crises.

* A contingency plan to respond to cardiovascular
emergencies in the event of future health crises.

* A promoter of patient schools to inform and edu-
cate the community about care and best practices
in cardiology.

* An advisor and active participant in the decisions
of health authorities at all levels, to defend the
needs of patients, the specialty, and the working
conditions of professionals.

* A program to attract and train young talent, with
tutoring and mentoring to strengthen their career
path.

* A promoter of decentralized and efficient health-
care networks, with referrals according to the
complexity of each case.

* An articulator to reformulate training and evalua-
tion criteria for residents in the face of rapid tech-
nological changes.

* Abridge with other scientific and medical societies
and associations to harmonize healthcare practic-
es and policies in cardiology.

* A promoter of the responsible use of artificial in-
telligence, with ethical and safety frameworks; the
possibility of creating an AI and telemedicine lab-
oratory applied to cardiology could facilitate the
evaluation of usefulness, safety, and feasibility.

* The Argentine Journal of Cardiology (RAC) must
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continue to disseminate regional knowledge and
seek global expansion, complying with interna-
tional standards.

CHALLENGES TO BE RESOLVED
Based on strategic initiatives (University Institute,
teaching area, development of the SAC career, and
promotion of research), the SAC will seek to consoli-
date international alliances, promote citizen partici-
pation through the Argentine Cardiology Foundation,
and establish itself as a reference point for the Min-
istry of Health, provinces, and municipalities. Among
the challenges are:

* Globalization of knowledge: ensuring the quality
and relevance of information, promoting research
networks, and adapting guidelines to local reali-
ties.

* Relationship with governments and institutions:
maintaining constant dialogue with authorities
and universities, defending evidence-based poli-
cies, and securing resources for prevention, re-
search, and training.

* Relationship with patients: countering misinfor-

mation and promoting education and reliable re-
sources.

* Relationship with industry and suppliers: main-
taining transparency and balance between the
dissemination of innovations and good practices.

* Professional commitment: strengthen leadership
and management, adapt training to new technolo-
gies, and support cardiologists in the face of burn-
out and structural transformations.

Looking to the future

The SAC aims to consolidate its position as the pro-
fessional home for cardiologists, promoting quality,
equity, and value in cardiovascular care; coordinat-
ing networks that generate reliable data; rigorously
evaluating emerging technologies; and maintaining
ethical principles in the use of artificial intelligence.
With these foundations, we seek to achieve a more ac-
cessible, efficient, and humane cardiology.

Pablo Stutzbach MTsAC
President of the Argentine Society of Cardiology



	Botón 921: 
	Botón 922: 
	Botón 923: 
	Botón 924: 
	Botón 925: 
	Botón 926: 
	Botón 927: 
	Botón 928: 
	Botón 929: 
	Botón 930: 
	Botón 931: 
	Botón 932: 
	Botón 933: 
	Botón 934: 
	Botón 935: 
	Botón 936: 
	Botón 937: 
	Botón 938: 
	Botón 939: 
	Botón 940: 
	Botón 941: 
	Botón 942: 
	Botón 943: 
	Botón 944: 
	Botón 945: 
	Botón 946: 
	Botón 947: 
	Botón 948: 
	Botón 949: 
	Botón 950: 
	Botón 954: 
	Botón 955: 
	Botón 956: 
	Botón 957: 
	Botón 958: 
	Botón 962: 
	Botón 963: 
	Botón 964: 
	Botón 203: 
	Botón 204: 
	Botón 205: 
	Botón 206: 
	Botón 207: 
	Botón 979: 
	Botón 980: 
	Botón 981: 
	Botón 982: 
	Botón 983: 
	Botón 1014: 
	Botón 1015: 
	Botón 1016: 
	Botón 1017: 
	Botón 1018: 
	Botón 208: 
	Botón 209: 
	Botón 1003: 
	Botón 2010: 
	Botón 2011: 
	Botón 1007: 
	Botón 1008: 
	Botón 1009: 
	Botón 1010: 
	Botón 1011: 
	Botón 1013: 


