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EDITORIAL

Advantages and Limitations of Killip and Kimball Class A on 
Admission for Deciding Early Discharge in ST-Segment Elevation 
Myocardial Infarction. ARGEN-IAM-ST Registry  

Ventajas y limitaciones de la clase Killip y Kimball A al ingreso para decidir el alta precoz en el 
infarto agudo de miocardio con elevación del segmento ST. Registro ARGEN-IAM-ST

JAVIER GUETTA1,MTSAC,

In this issue of the Argentine Journal of Cardiology, 
Dr. José Macías et al. take an interesting look at the 
prognostic value of  Killip & Kimball (KK) class A .(1) 
They argue that this category does not guarantee a 
hospital stay free of adverse events, mainly for two 
reasons: first, because despite having a low individual 
mortality rate, its high prevalence means that its im-
pact on overall mortality is not negligible; and second, 
because approximately 5% of patients classified as 
KK A on admission develop heart failure (HF) dur-
ing hospitalization, and among them, 20% die before 
discharge.

The KK classification has been a useful tool since 
its development, providing a simple but valuable re-
source for prognostic information in patients with ST-
segment elevation myocardial infarction (STEMI). Its 
usefulness is attributed both to its inherent prognos-
tic value and its simplicity, as it is based exclusively on 
physical examination. (2,3)

The researchers conducted a retrospective analy-
sis of the prospective, observational, and continuous 
ARGEN-IAM-ST registry, focusing on the in-hospital 
evolution of patients admitted in KK class A. A total of 
7304 patients were included between March 2015 and 
October 2024, excluding 174  due to lack of data and 
90 due to mechanical complications. Median age was 
60 years, and 80% were men. KK class A was the most 
prevalent finding, (77.6%, n=5666 patients), probably 
attributable to the implementation of better medical 
treatments and early reperfusion. Classes B, C, and D 
accounted for 14%, 1.4%, and 7%, respectively. Over-
all mortality was 7.3%, and mortality among patients 
with KK A was 2.6%, representing 28% of the registry 
total mortality.

1 Centro de Educación Médica e Investigaciones Clínicas Norberto Quirno (CEMIC), Autonomous City of Buenos Aires, Argentina

A total of 311 patients (5.5%) with KK A at admis-
sion developed HF during the course of their illness, 
with a mortality rate of 21%. In contrast, the mortal-
ity rate for those who did not develop HF was 1.5% 
(OR = 17.7; 95% CI: 12.1-24.3; p < 0.001). This means 
that presenting with KK class A and not developing 
HF during hospitalization has a high negative predic-
tive value (98.5%) for in-hospital mortality.

The independent variables associated with the 
development of HF were: age >70 years, female sex, 
diabetes, left anterior descending artery involvement, 
longer time from onset of pain to consultation, and 
failed primary percutaneous coronary intervention 
(PCI). The model showed moderate discriminatory 
power (C statistic 0.68). (1)

Despite its simplicity and clinical usefulness, the 
KK classification has limitations, such as subjectivity 
in the auscultation of crackles or a third heart sound 
(S3), which depends on the skill of the examiner and 
may overlap with other concomitant conditions, such 
as pneumonia, chronic obstructive pulmonary dis-
ease (COPD), or acute respiratory distress syndrome 
(ARDS). (4) Therefore, physical examination should 
be considered a complementary method. At this point, 
there is emerging evidence on the contribution of ar-
tificial intelligence to improve our semiological skills. 
(5)

On the other hand, several authors have supple-
mented the KK classification with natriuretic peptide 
testing or lung ultrasound. A new scale that combined 
the latter with KK class, called the LUCK classifica-
tion, showed that the absence of pulmonary conges-
tion detected by ultrasound conferred a negative pre-
dictive value for in-hospital mortality of 98.1% (95% 

SEE RELATED ARTICLE: Rev Argent Cardiol 2025;93:255-262. https://doi.org/10.7775/rac.v93.i4.20909

             	                  https://creativecommons.org/licenses/by-nc-sa/4.0/
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CI 93.1-99.5%). The area under the ROC curve of the 
LUCK classification for in-hospital mortality was 0.89 
(p = 0.001), compared with 0.86 (p < 0.001) for the 
traditional KK classification. The LUCK classification 
reclassified patients in 18% of cases. (5) Other studies 
using lung ultrasound also found that most reclassifi-
cation was at the expense of patients KK A and B, re-
flecting the difficulty in correctly detecting mild forms 
of HF. (6–9)

Beyond these considerations, the value of this anal-
ysis, that was carried out in the most representative 
registry in our field with a cohort of more than 7000 
patients, lies in the practicality of its implementation.

Another noteworthy aspect is that it provides a dif-
ferent perspective, focusing the analysis on HF as an 
evolving event in patients who were classified as KK A. 
Years ago, in the early 1990s, Carlos Bertolasi’s group 
at Argerich Hospital proposed the use of the Peel and 
KK indices both in the first hours of evolution and at 
the time of discharge, calling them “admission” and 
“discharge” or “stay,” respectively. With regard to the 
latter, the experience of the Coronary Care Unit at Ar-
gerich Hospital in 580 patients showed an excellent 
correlation between stratification at discharge and 
mortality one year after the infarction, establishing 
the concept that risk stratification is a continuous 
process throughout the patient’s evolution. (10)

In conclusion, the present study by Macías et al., 
based on the robust ARGEN-IAM-ST registry, pro-
vides an invaluable contribution to the contemporary 
management of STEMI. Their analysis reinforces a 
fundamental principle: risk stratification is a dynamic 
process and does not depend on a single condition at 
admission. By demonstrating that a subgroup of pa-
tients in class KK A, identifiable by simple clinical 
predictors, has a significant risk of developing HF and 
mortality, the study challenges complacency and ad-
vocates for intensive and prolonged monitoring even 
in patients who appear to be at lower risk. This find-
ing does not invalidate the usefulness of the KK clas-
sification, but rather contextualizes and enriches it. 
Thus, this study transcends the academic realm to of-
fer practical and crucial guidance for optimizing the 

safety of early discharge, improving clinical outcomes 
in our population.
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EDITORIAL

Beyond LDL Cholesterol  

Más allá del colesterol LDL

EMILIANO SALMERI1, 2, MTSAC,

If we had to succinctly summarize the key reasons why 
LDL cholesterol (LDL-C) became the central focus in 
the management of atherosclerotic dyslipidemia, three 
core arguments would stand out beyond dispute. The 
first is the compelling clinical benefit derived from 
therapeutic interventions—across various drug class-
es and their combinations—that consistently reduce 
major adverse cardiovascular events (MACE). These 
outcomes clearly illustrate the significance of target-
ing LDL-C.(1-3) The second pillar lies in the well-es-
tablished linear relationship demonstrating that each 
1 mmol/L reduction in LDL-C corresponds to a 22% 
decrease in MACE risk, a figure that is both intuitive 
and impactful.(4) Finally, and no less importantly, 
the absence of a J-shaped curve—together with the 
broad scientific consensus on the causal relationship 
between LDL-C and atherosclerosis—reinforces the 
safety and efficacy of aggressive lipid lowering. This 
understanding has been crucial in recognizing that 
intensive treatment prolongs life by directly address-
ing a core mechanism of the disease. (5) Thus, LDL-
C control has become deeply embedded in all clinical 
practice guidelines and continues to serve as the foun-
dation for setting precise therapeutic targets based on 
individual cardiovascular risk profiles.

However, the story does not end there—and that is 
precisely where the work of Pacce O et al., published 
in this issue of the Revista Argentina de Cardiología 
(RAC), becomes relevant: it intellectually invites us to 
look beyond the LDL-C value. (6) The central value 
of this publication lies in its contribution—based on 
local evidence—to highlight the importance of not 
overlooking the broad universe of pro-atherogenic 
particles that exist beyond LDL-C, even when LDL-C 
levels are adequately controlled. This is, in essence, an 
exploration into the world of residual risk and its clin-
ical relevance, with non-HDL cholesterol (non-HDL-

1 Former director of the Epidemiology and Prevention Council of the Argentine Society of Cardiology
2 Coordinator of the Cardiology Service at Clínica OCMI, Autonomous City of Buenos Aires, Argentina

C) serving as the vehicle for that journey. Much has 
already been written about the descriptive capacity 
of lipid-related residual risk attributed to both non-
HDL-C and apolipoprotein B (ApoB) when consider-
ing MACE or vascular events.

Although ApoB appears to offer greater discrimi-
natory power for overall atherosclerotic risk (7) and 
exhibits lower biological variability, (8-10) this study 
reaffirms that non-HDL-C remains a clinically rele-
vant parameter. Indeed, its cost-neutral nature—re-
quiring no additional resources beyond the standard 
lipid panel—and its reasonable correlation with ApoB 
(11) make it a valuable tool, especially in low- and 
middle-income countries such as Argentina. Moreo-
ver, by the end of the article, the strong association be-
tween non-HDL-C and short-term MACE in second-
ary prevention patients—those we encounter daily in 
our clinical practice—is once again clearly exposed. 
In this light, the extensive body of work by authors 
such as Børge Nordestgaard on the clinical impact of 
triglyceride-rich lipoproteins and remnant cholesterol 
seems to come alive once again in our region. (12-15)

In conclusion, the article by Pacce O et al. contex-
tualizes the clinical utility of assessing non-HDL-C 
in the management of our patients—particularly in 
a country as diverse as Argentina, where financial 
and technological resources are not always available 
to support large-scale implementation of even low-
cost strategies. It is yet another call to action: to take 
the initiative in establishing clinical practice guide-
lines that incorporate treatment goals beyond LDL-C 
alone, without diminishing its well-established patho-
physiological and therapeutic relevance.
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ABSTRACT

Background: Patients admitted to the coronary care unit with ST-segment elevation myocardial infarction (STEMI) without heart 
failure (HF) are classified as Killip and Kimball class A (KK A). They usually have a favourable prognosis and are often considered 
for early discharge. However, this initial assessment may be insufficient, as not all patients experience an uncomplicated clinical 
course. From a practical perspective, progressive HF is often used as a risk marker for mortality.
Objectives: 1. To determine the incidence of KK class A at admission in patients with STEMI and its role in overall mortality. 2. 
To establish the incidence of HF during the clinical course of patients classified as KK A at admission and its characterization. To 
analyze the negative predictive value of the absence of HF during the clinical course on mortality.
Methods: Retrospective analysis of the ARGEN-IAM-ST registry. This prospective observational study was conducted from March 
2015 to October 2024. All patients enrolled in the registry were analyzed. HF was considered a complication and defined according 
to the treating physician’s criteria. 
Results: From March 2015 to October 2024, 7304 patients were enrolled, with a median age of 60 years (interquartile range, IQR, 
52-67); 80% were male. According to the Killip and Kimball classification, 77.6% of patients were class A, 14% class B, 1.4% class 
C, and 7% class D. The overall mortality rate was 7.3%. For KK A patients, in-hospital mortality was 2.6%, representing 28% of the 
overall in-hospital mortality rate.
During hospitalization 5.4 % of KK A patients developed progressive HF, and 21% of these patients died. In contrast, among patients 
who did not develop HF, only 1.5% died (OR 17.77, 95% CI, 12.09-24.35; p<0.001). The absence of progressive HF in KK A patients 
had a high negative predictive value for mortality (98.5%). Independent variables related to progressive HF in KK A patients were 
age >70 years, female sex, diabetes, left anterior descending artery involvement, longer symptom-to-door time, and failed primary 
percutaneous coronary intervention.
Conclusions: Although mortality in KK A patients at admission is low, its contribution to overall mortality is elevated due to its high 
prevalence at presentation. The absence of HF during the clinical course identifies a group at a very low risk for mortality, support-
ing safe early discharge.

Keywords: ST-segment elevation acute myocardial infarction - Killip and Kimball - Early discharge

RESUMEN

Introducción: Los pacientes que ingresan a la unidad coronaria con un infarto agudo de miocardio con elevación del segmento ST 
(IAMCEST) sin insuficiencia cardíaca (IC) constituyen la subcategoría A de la clasificación de Killip y Kimball (KK A). Suelen pre-
sentar un excelente pronóstico, y se considera en ellos el alta temprana. Sin embargo, la evaluación inicial puede ser insuficiente, 
ya que no todos los pacientes evolucionan de manera benigna. Desde un punto de vista práctico frecuentemente se utiliza a la IC 
evolutiva como un marcador de riesgo para mortalidad.
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INTRODUCTION
Patients suffering from acute myocardial infarction 
with ST-segment elevation (STEMI) have a high hos-
pital mortality rate, which, according to various re-
cords, ranges from 7% to 9%, (1–3), is higher in pa-
tients with heart failure (HF) at admission, (4) and 
depends on the treatment received. (5–7)

Since the 1967 work by Thomas Killip and John 
Kimball (KK), who described the clinical characteris-
tics of patients with STEMI, prognosis has improved 
thanks to coronary reperfusion strategies. As a re-
sult, the percentage of patients classified as Killip and 
Kimball class A (KK A) has increased dramatically 
from 33% to 78%, making it the most common clini-
cal presentation at hospital admission in patients with 
STEMI. However, few studies have analyzed compli-
cations or hospital mortality specifically in this pa-
tient subgroup.

In the era of reperfusion therapy, a decrease in 
complications in patients with STEMI has been ob-
served, enabling earlier hospital discharge. (10,11) 
In countries such as the United States, the average 
length of hospitalization is three days, International 
guidelines recommend early discharge (on the third 
day) in low-risk patients, with conditions such as age 
<70, left ventricular ejection fraction (LVEF) >45%, 
1- or 2-vessel disease, successful coronary angioplasty, 
and absence of arrhythmias. (12) Despite this, early 
discharge is not always implemented, even in eligible 
patients. 
Objectives: 
1.	 To determine the incidence of the KK class A at 

admission in patients with STEMI and its role in 
overall mortality.

2.	 To establish the incidence of HF during the clinical 
course of patients classified as KK A at admission 
and its characterization. To analyze the negative 
predictive value of the absence of HF during the 
clinical course on mortality.

METHODS
This study was conducted as a retrospective analysis of the 
ARGEN-IAM-ST continuous registry, a prospective and ob-
servational registry of hospitalized STEMI patients. The 
study was performed from March 2015 to October 2024, and 
its design focused on assessing the hospital clinical course of 
patients with KK A admitted to the coronary care unit.

The inclusion criteria were patients classified as Killip 
and Kimball classes A, B, C, or D, according to the original 
Killip and Kimball classification. A total of 264 patients 
were excluded: 174 due to missing data, and 90 because of 
mechanical complications. HF was classified as a hospital 
complication. The diagnosis of HF was based on the treating 
physician’s criteria according to the Killip and Kimball clas-
sification. Bleeding was defined as follows: minimal: non-
intracranial, with a decrease in hemoglobin (Hb) <3 mg/
dL; minor: non-intracranial with a decrease in Hb between 
3 and 5 mg/dL; major: intracranial bleeding or a decrease in 
Hb >5 mg/dL.

Statistical analysis
Quantitative variables with normal distribution were ex-
pressed as mean and standard deviation (SD), while those 
with non-normal distribution were reported as median and 
interquartile range (IQR). To perform the statistical analy-
sis of these variables, the Student's t-test, Mann-Whitney U 
test, or analysis of variance (ANOVA) were used as appropri-
ate. 

Qualitative variables were expressed as frequencies and 
percentages, and the statistical analysis was performed us-
ing the chi-square test or Fisher's exact test, as appropriate. 

A contingency table was created to explore an associa-
tion between the presence or absence of HF and the clinical 
course in patients with KK A at admission. 

The search for independent predictors of progressive 
HF and the assessment of the incidence of progressive HF 
on the occurrence of events were conducted using multiple 
logistic regression analysis, including variables that were 
statistically significant in the univariate analysis. The as-
sociation with events was expressed as odds ratio (OR) with 
its 95% confidence interval (95% CI). A p value <0.05 was 
considered statistically significant. To assess the usefulness 
of the overall model (Table 2), the omnibus test was used, 

Objetivos: 1. Determinar la incidencia de la subcategoría KK A al ingreso en pacientes con IAMCEST, y su participación en la mor-
talidad global. 2. Establecer la incidencia de IC durante la evolución de los pacientes clasificados como KK A al ingreso y su caracteri-
zación. Analizar el valor predictivo negativo de la ausencia de IC durante la evolución sobre la mortalidad.
Material y métodos: Análisis retrospectivo del registro ARGEN-IAM-ST, un estudio prospectivo y observacional, en el periodo com-
prendido entre marzo de 2015 y octubre de 2024. Se incluyó el total de los pacientes ingresados al registro. La IC fue considerada 
como complicación y definida según criterios del médico tratante.  
Resultados: Desde marzo de 2015 a octubre de 2024 se registraron 7304 pacientes con una mediana de edad de 60 años (rango inter-
cuartílico, RIC, 52-67), el 80 % de sexo masculino. La distribución de acuerdo a la clasificación de Killip y Kimball fue 77,6%, 14%, 
1,4% y 7% para las categorías A, B, C, D respectivamente. La mortalidad total fue de 7,3%. La mortalidad intrahospitalaria de los 
pacientes con KK A fue de 2,6%, un 28% de la mortalidad global.
El 5,4% de los pacientes KK A desarrollaron IC evolutiva, de los cuales el 21% falleció; de aquellos que no desarrollaron IC durante la 
internación, falleció solo el 1,5 % (OR 17,77 IC 95%, 12,09-24,35; p<0,001). La ausencia de desarrollo de IC evolutiva en los pacientes 
KK A tuvo un elevado valor predictivo negativo para mortalidad: 98,5%. Las variables independientemente asociadas a IC evolutiva 
en los pacientes con KK A fueron: edad mayor de 70 años, el sexo femenino, la diabetes, el compromiso de la arteria descendente 
anterior, un mayor tiempo desde el dolor a la consulta, y la angioplastia coronaria (ATC) primaria fallida.
Conclusiones: Si bien la mortalidad de los pacientes que ingresan en KK A es baja, su contribución nominal a la mortalidad total es 
elevada debido a que es la forma de presentación más frecuente. La ausencia de IC en la evolución selecciona un grupo de muy bajo 
riesgo de mortalidad que permite asegurar un alta temprana.

Palabras clave: Infarto agudo de miocardio con elevación del segmento ST - Killip y Kimball - Alta precoz 
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and a ROC curve was generated. The statistical analysis was 
performed using the statistical software JAMOVI (version 
2.3.28.0).

Ethical considerations
The protocol was reviewed and approved by the Bioethics 
Committee of the Argentine Society of Cardiology. This reg-
istry does not require signed informed consent. This deci-
sion is left to each participating institution.

RESULTS 
From March 2015 to October 2024, 7304 patients 
were admitted for STEMI, with a median age of 60 
years (IQR 52-67), 80% were male. According to Kil-
lip and Kimball classification, 77.6% of patients were 
class A (n=5666), 14% class B (n=1020), 1.4% class C 
(n=107), and 7% class D (n=511). 

Table 1 shows the baseline characteristics of pa-
tients according to KK classification at admission. KK 
A patients were significantly younger, less likely to be 
female, had lower prevalence of diabetes, hyperten-
sion, prior acute myocardial infarction (AMI) location, 
and shorter symptom-to-door time. They also had a 
lower prevalence of multivessel disease but a higher 
use of primary percutaneous coronary intervention 
(PCI) as their revascularization method. The rate of 

successful primary PCI was higher in this group. 
Among KK A patients, 311 (5.4%) developed pro-

gressive HF during hospitalization. Their baseline 
characteristics resembled those of patients with KK 
class >A (Table 2). In a multiple logistic regression 
model, the independent variables associated with pro-
gressive HF were age >70 years, female sex, diabetes, 
anterior descending artery involvement, symptom-
to-door time, and failed primary PCI (area under the 
ROC curve 0.68, 95% CI 0,61-0,74) (Table 3).

Total in-hospital mortality was 7.3% (n=532). 
Among patients with KK A, in-hospital mortality was 
2.6%, accounting for 28% of total deaths (Figure 1). 
Among the 311 KK A patients who developed progres-
sive HF, in-hospital mortality was 20,9% (n=65), while 
it was only 1.5% (n=82) among the 5355 patients who 
did not (OR 17.77, 95% CI 12.09-24.35; p<0.001). In 
the multivariate analysis in KK A patients, the devel-
opment of HF was an independent predictor of hos-
pital mortality (OR 4.79; 95% CI 2.74-8.36 p<0.001).
DISCUSSION
The Killip and Kimball (KK) classification, proposed 
in 1967, (8) continues to be a valid and widely used tool 
for risk stratification in STEMI patients. Despite the 
time elapsed and therapeutic advances, its simplicity, 
reproducibility, and prognostic value have preserved 

Variable KK A 
(n=5666) 

KK B 
(n=1020)

KK C 
(n=107) 

KK D 
(n=511)

p

Age, years 60 (52-68) 63 (55-72) 64 (56-74) 64 (57-74) <0.001

Female sex 20 23 29 29 <0.001

Diabetes mellitus 26 31 34 34 <0.001

Hypertension 52 58 66 65 <0.001

Dyslipidemia 37 38 43 36 0.601

Smoking 31 34 35 35 0.061

Prior AMI 37 54 59 39 <0.001

Symptom-to-door time, min 119 (55-240) 129 (60-300) 152 (60-323) 120 (53-300) 0.004

Reperfusion therapy 91 88 84 87 <0.001

Ischemic total time (PCI), min 305 (185-573) 345 (198-660) 524 (271-901) 400 (212-722) <0.001

Ischemic total time (FBL), min 180 (105-290) 220 (120-327) 170 (112-266) 180 (104-329) 0.399

Reperfusion therapy:
Primary PCI
Fibrinolytics
Both

80
13
7

76
13
11

74
16
9

77
11
12

<0.001

Door-to-balloon time, min 77 (44-135) 80 (43-130) 102 (60-198) 85 (50-141) 0.004

Multivessel disease 32 41 46 52 <0.001

Successful PCI 98 95 90 84 <0.001

Bleeding:
Minimal
Minor
Major

2
0.7
0.5

3
0.9
0.8

7.5
5

0.9

6
3

1.4
<0.001

AMI: acute myocardial infarction; FBL: fibrinolytics; KK: Killip and Kimball;  PCI: percutaneous coronary intervention. 
Qualitative variables are expressed as percentage rounded to the nearest whole number. Quantitative variables are expressed as median and in-
terquartile range.

Table 1. Baseline characteristics of patients according Killip and Kimball classification at admission
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its clinical utility. However, the patient profile has 
changed considerably since its original publication. (9) 
In particular, there is now a higher proportion of pa-
tients admitted to KK class A, a phenomenon attrib-
utable to the positive impact of adjuvant therapies, 
especially early reperfusion treatment. (13,14)

In our study, we observed that the vast majority 
of STEMI patients were admitted to KK class A. This 
subcategory, despite its low individual mortality, rep-
resents a significant proportion of AMI-related deaths: 
approximately one in three occurs in this group. This 
finding, in line with our first objective, highlights that 
initial classification in KK class A does not guarantee 
an event-free hospital course. In fact, the high preva-
lence of this subcategory has a significant impact on 
overall AMI mortality, a fact that, although little ex-
plored in previous studies, is essential for an adequate 
understanding of population risk.

Likewise, in addressing our second objective, we 
identified that approximately 5% of patients admitted 
to KK class A developed HF during hospitalization. 
Among them, 21% died before discharge, underscor-
ing the adverse prognostic impact of HF as a hospi-
tal complication. (15) The progression to HF in this 
subgroup, initially considered low risk, highlights 

Variable HF (n=311) Non-HF (n=5355) p

Age, years 64 (56-74) 60 (52-67) <0.001

Female sex 28 19 < 0.001

Diabetes mellitus 32 25 <0.001

Hypertension 59 52 0.001

Dyslipidemia 41 37 0.101

Smoking 31 34 0.551

Prior AMI 47 36 <0.001

Symptom-to-door time, min 120 (60-300) 116 (55-240) <0.001

Reperfusion therapy 91 91 0.991

Ischemic total time (PCI), min 377 (203-818) 300 (183-568) <0.001

Ischemic total time (FBL), min 200 (110-324) 180 (105-285) 0.512

Reperfusion therapy:
Primary PCI
Fibrinolytics
Both

75
17
8

81
12
7

0.033

Door-to-balloon time, min 83 (48-150) 77 (44-135) 0.255

Culprit vessel: LADA 60 43 <0.001

Successful PCI 91 98 < 0.001

Bleeding
Minimal
Minor
Major

4
3
2

2
0.5
0.4

<0.001

AMI: acute myocardial infarction; FBL: fibrinolytics; HF: heart failure; LADA: left anterior descending artery;min: minutes; PCI: percutaneous coro-
nary intervention. 
Qualitative variables are expressed as percentage rounded to the nearest whole number. Quantitative variables are expressed as median and in-
terquartile range.

the need for continuous clinical monitoring and more 
sensitive risk stratification strategies. (16,17) In this 
regard, multivariate analysis allowed us to identify 
independent predictors for the development of HF, 
which are similar to those in the PAMI II study and 
the Zwolle score. (18-23) However, the model discrimi-
natory power was moderate, with a C-statistic of 0.68, 
indicating the need to optimize predictive tools for 
this population.

On the other hand, patients who did not develop 
HF during hospitalization had a very favorable out-
come, with a low event rate, which translates into a 
high negative predictive value. This observation sup-
ports the consideration of this subgroup for early dis-
charge strategies, (24-28) in line with international 
guidelines (Class IIa recommendation). (29,30) Ad-
ditionally, clinical detection of HF may be comple-
mented by B-type natriuretic peptide (BNP) testing, 
(31) which has proven useful for early identification 
of ventricular dysfunction even in the absence of overt 
clinical signs, as shown by the GREAD NETWORK 
registry. (32)

Multiple studies have confirmed that HF at admis-
sion is associated with a worse prognosis in the con-
text of acute coronary syndrome. (4,15) However, our 

Table 2. Baseline characteristics of Killip and Kimball class A patients according to the presence or absence of progressive heart 
failure 
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Fig. 2. Incidence (A) and mortality (B) of heart failure (HF) complicating patients with KK A at admission

Fig. 1. Mortality rate according to Killip and Kimball classification at admission (bar chart). Percentage impact of deaths according 
to Killip and Kimball classification on overall mortality for myocardial infarction (pie chart).

study offers a different perspective, shifting the focus 
to HF as a progressive event in patients classified as 
KK A at admission. This view contrasts with previ-
ous studies from the ARGEN-IAM-ST registry, which 
focused exclusively on patients with KK class B, C, or 
D at admission, (33–36) leaving a gap in understand-
ing the clinical course of those initially considered low 
risk.

Finally, our findings allow us to assess the epide-
miological burden of KK A patients on overall STEMI 
mortality and highlight that HF onset during hospi-
talization is a critical event with significant prognos-
tic implications. Conversely, the absence of HF is asso-

ciated with a favorable outcome, which has important 
clinical implications for decision-making regarding 
early discharge and outpatient follow-up. This infor-
mation emphasizes the importance of a dynamic ap-
proach to risk stratification that considers both the 
initial clinical presentation and the hospital clinical 
course.

Limitations
Due to the design of the ARGEN-IAM-ST registry, we 
were unable to determine the exact timing of HF on-
set. However, we can estimate this indirectly, as most 
complications in our local clinical context occur within 
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ABSTRACT

Background: In cardiovascular disease (CVD), lowering low-density lipoprotein cholesterol (LDL-C) remains the primary thera-
peutic goal to reduce major adverse cardiovascular events (MACE). Evidence from intervention studies shows that reducing LDL-C 
by at least 50% from baseline significantly decreases MACE risk. However, in clinical practice, even when target LDL-C levels are 
achieved, a residual risk persists, leaving patients vulnerable to recurrent events. Non-HDL cholesterol (cholesterol not associated 
with high-density lipoproteins, non-HDL-C) comprises all plasma lipoproteins except HDL-C, and denotes the serum cholesterol of 
all lipoproteins carrying apolipoprotein B.
Objective: To determine the role of non-HDL-C and remnant cholesterol (RC) as predictors of recurrent atherosclerotic cardiovas-
cular events in patients with ST-segment elevation myocardial infarction (STEMI).  
Methods: We conducted a retrospective cohort study at a high-complexity center in the city of Buenos Aires. The data analyzed were 
obtained from an institutional database.  Follow-up was performed through the review of electronic medical records. Kaplan–Meier 
survival curves and Cox regression models were used for MACE prediction. A p-value < 0.05 was considered statistically significant.
Results: A total of 403 patients were included. During the first year of follow-up, MACE occurred in 23.5% (n=95) of patients, most 
frequently within the first 3 months. Patients with MACE had higher non-HDL-C (102 mg/dL vs. 84 mg/dL, p<0.001) and RC (29 
mg/dL vs. 22 mg/dL, p<0.001) levels, with no significant differences in LDL-C
Conclusion: In this study, both non-HDL-C and RC were independent predictors of MACE after adjustment for LDL-C.   

Keywords: STEMI - LDL cholesterol - non HDL cholesterol - M remnant cholesterol - Residual risk

RESUMEN

Introducción: En el contexto de la enfermedad cardiovascular (ECV), el control de la hipercolesterolemia con la reducción del co-
lesterol LDL, (colesterol asociado a lipoproteínas de baja densidad, c-LDL), ha sido en los últimos años el objetivo principal de las 
diferentes terapéuticas para reducir el riesgo de eventos adversos cardiovasculares mayores (MACE, por su sigla en inglés); este 
criterio se basa en diversos estudios de intervención que demostraron que una reducción de al menos el 50% del valor basal del c-
LDL se asocia a una disminución significativa de los MACE; sin embargo, en la práctica clínica existe un riesgo residual no abordado 
con la terapia hipolipemiante actual, que expone a una alta tasa de eventos recurrentes a pesar de encontrarse el c-LDL en valores 
objetivo. El colesterol no-HDL (colesterol no asociado a lipoproteínas de alta densidad, c-no-HDL), comprende todas las lipoproteínas 
plasmáticas excepto c-HDL, y denota el colesterol sérico de todas las lipoproteínas portadoras de apolipoproteína B.
Objetivo: Evaluar el rol del c-no-HDL y colesterol remanente (CR) como predictores de reincidencia de eventos cardiovasculares en 
pacientes con infarto agudo de miocardio con elevación del segmento ST (IAMCEST).
Material y métodos: Se realizó un estudio de cohorte retrospectivo en un centro de alta complejidad de la Ciudad Autónoma de Bue-
nos Aires. Los datos analizados fueron obtenidos de una base de datos institucional. El seguimiento se realizó a través de la revisión 
de la historia clínica electrónica. Para el análisis estadístico se utilizaron curvas de sobrevida de Kaplan Meier y modelo de regresión 
de Cox para generar modelos de predicción de MACE. Se consideró estadísticamente significativo un valor de p < 0,05.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of 
morbidity and mortality worldwide (1) and ranks first 
among the causes of disability in people > 50 years of 
age according to the Global Burden of Disease Study 
(2019). (2) Hypercholesterolemia remains one of the 
major determinants of attributable risk for CVD and 
cerebrovascular disease. (3) 

In Argentina, the INTERASPIRE registry found 
that, during follow-up, 55% of the population who had 
a first coronary event did not meet the cholesterol 
bound to low-density lipoproteins (LDL-C) targets es-
tablished by clinical practice guidelines. (4) It is known 
that the key event that triggers atherogenesis is the 
retention of LDL-C and other cholesterol-rich lipopro-
teins. These lipoproteins carry the cholesterol within 
the artery wall, thereby playing a pivotal role in the 
formation of atherosclerotic plaque and the subsequent 
development of CVD. Increased LDL-C concentration 
is causally related to atherosclerotic cardiovascular dis-
ease, and reducing the number of LDL-C particles and 
other lipoproteins containing apolipoprotein B (apoB) 
as much as possible decreases the occurrence of major 
adverse cardiovascular events (MACE). (5,6) The cur-
rent problem is that despite optimal control of LDL-
C levels through lifestyle changes and lipid-lowering 
treatment, patients who survive a first CVD event are 
at high risk of recurrence. (7) This can be attributed to 
the failure to consider residual cardiovascular risk due 
to elevated levels of other atherogenic particles: non-
HDL cholesterol (non-HDL-C), remnant cholesterol 
(RC), and lipoprotein(a) [Lp(a)]. (8,9) 

Non-HDL-C comprises all plasma lipoproteins 
except HDL-C: LDL-C, triglyceride-rich lipoproteins 
(TRL), which include intermediate-density lipopro-
teins (IDL), very low-density lipoproteins (VLDL), 
chylomicrons, remnant TRL, and Lp(a). This param-
eter indicates the total amount of lipoproteins con-
taining apolipoprotein B. (10) Non-HDL-C has been 
shown to be more effective for estimating the risk of 
atherosclerotic cardiovascular disease when compared 
to LDL-C. This may be due to the fact that it encom-
passes all proatherogenic cholesterol particles. (10) 
It is also a superior predictor of risk in patients with 
metabolic disorders, including hypertriglyceridemia, 
diabetes mellitus (DM), and obesity.

In secondary prevention, the desirable value of 
non-HDL-C is < 85 mg/dL for patients with very high 
CV risk associated with DM, acute coronary syndrome 
(ACS), familial hypercholesterolemia (FH), recurrent 

events, and panvascular disease. For patients without 
these conditions, the desirable value is < 100 mg/dL. 
(12,13) RC is the cholesterol content of TRLs, and can 
be estimated as total cholesterol minus LDL-C mi-
nus HDL-C. Like non-HDL-C, RC is a causal factor 
in CVD and has been shown to have the potential to 
predict CVD independently of LDL-C levels. (12) The 
evidence from randomized clinical trials supports the 
hypothesis that elevated levels of these particles are 
associated with an increased risk of myocardial infarc-
tion (MI) and all-cause mortality. (14,15)  

It is also known that the residual risk in these pa-
tients is multifactorial and is not only related to lipid 
factors but also to the persistence of other risk fac-
tors such as increased body mass index (BMI), hyper-
tension (HTN) and diabetes mellitus (DM). (8,9) The 
primary objective of this study is to determine the 
role of non-HDL-C and RC as predictors of recurrent 
atherosclerotic cardiovascular events in patients with 
ST-segment elevation myocardial infarction (STEMI).

METHODS
Study design and population  
We conducted a retrospective cohort study at a high-com-
plexity center in the city of Buenos Aires. Patients > 18 
years who were hospitalized due to STEMI with evidence 
of type 1 MI as demonstrated by invasive coronary angiog-
raphy were included in the study. The diagnosis of STEMI 
was based on the fourth universal definition of MI, (16) with 
patients presenting with electrocardiographic changes con-
sistent with ST-segment elevation at the J point in at least 
two contiguous leads, > 0.25 mV in men < 40 years, > 0.20 
mV in men > 40 years or older, or > 0.15 mV in women in 
leads V2-V3 and/or > or equal to 0.10 mV in all leads.

Total cholesterol (TC), HDL-C, and triglyceride (TG) lev-
els were measured in venous blood samples obtained within 
the first 12 hours following hospital admission. Samples were 
obtained in a fasting state (minimum 8 hours) when possi-
ble, but, this condition was not recorded. LDL-C was esti-
mated using the Friedewald formula: LDL-C = TC – HDL-C 
– (TG/5), expressed in mg/dL. Non-HDL-C was calculated as 
the difference between TC and HDL-C, and RC was calcu-
lated using the formula TC – HDL-C – LDL-C. Given the el-
evated cardiovascular risk exhibited by these patients, the 
therapeutic targets were defined as LDL-C of <55 mg/dL or 
a reduction of at least 50% from baseline levels.

The primary outcome was a composite of unstable an-
gina and major adverse cardiovascular events (MACE), de-
fined as cardiovascular death, nonfatal stroke, or nonfatal 
MI during the first 12 months of follow-up after the index 
event. Follow-up was mainly performed through electronic 
medical records. Those patients who were not followed up at 
our institution were contacted by telephone calls.

Resultados: Fueron incluidos 403 pacientes. Se observó en el primer año de seguimiento una incidencia de MACE de 23,5% (n=95), 
el mayor número de eventos en los 3 primeros meses. Los pacientes con MACE tenían valores más elevados de cno-HDL (102 mg/dL 
vs. 84mg/dL, p<0,001) y CR (29 mg/dL vs. 22 mg/dL, p<0,001); no hubo diferencias estadísticamente significativas en cuanto al 
c-LDL.
Conclusión: En este estudio tanto el c-no-HDL como el CR se comportaron como predictores independientes de MACE tras ajustar 
por el valor de c- LDL.

Palabras clave: IAMCEST - Colesterol LDL - Colesterol no-HDL - Colesterol remanente- Riesgo residual 
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Statistical analysis
All the statistical calculations were performed using RStudio 
version 1.4.1106 (The R Foundation for Statistical Comput-
ing, Viena, Austria). Continuous variables are expressed as 
mean and standard deviation, or median and interquartile 
range (IQR), according to their distribution. Qualitative 
variables are presented as absolute frequencies and percent-
ages. The chi square test or Fisher's exact test were used to 
compare the categorical variables and continuous variables 
were analyzed using the Student's t test or the Mann-With-
ney test, depending on the distribution of the sample. Cox 
regression analysis was used to identify independent predic-
tors of cardiovascular events during follow-up. All models 
were adjusted for age, sex, HTN, DM, smoking habit, RC, 
LDL-C, and non-HDL-C. Survival curves were estimated us-
ing the Kaplan- Meier method. A p-value < 0.05 was consid-
ered statistically significant.

RESULTS 
Patients' characteristics
A total of 403 patients with STEMI were included; 
median age was 64 years (IQR 55-73) and 78.8% were 
male. The main cardiovascular risk factors among 
the patients included were DM (16%), HTN (43%), 
dyslipidemia (29%) and current smoking (12%). Me-
dian values of LDL-C , HDL-C , TG, and non-HDL-C 
were 64 mg/dL, 36 mg/dL, 114 mg/dL, and 87 mg/dL, 

respectively. During the average follow-up period of 
12 ± 3 months, adherence to statin treatment was 
97.8%

Events at follow-up according to the change in non-HDL-
cholesterol
The cardiovascular outcome occurred in 95 patients 
(23.5%) during follow-up. 

Patients who developed MACE had higher levels 
of TC, TG,non-HDL-C and RC. There were  no dif-
ferences in LDL-C levels. The characteristics of the 
population and their relationship with the occurrence 
of events can be seen in Table 1. In a stratified analy-
sis, patients who experienced events during follow-up 
had higher non-HDL-C and RC levels compared to 
those without events, despite having the LDL-C tar-
get value (Figure 1).  

Multivariate analysis: independent predictors of major 
cardiovascular events
Two prediction models were adjusted for Cox multiple 
regression, one with the LDL-C variable and the other 
with the non-HDL-C variable. The hazard ratio (HR) 
for LDL-C was 1.15 (95% CI: 0.94-1.39, p=0.166), 
while the HR for non-HDL-C was 1.45 (95% CI: 1.21-

MACE

Variables Total No Yes p 

Patients 403 (100) 308 (76.5) 95 (23.5)

Male    316 (78.8)    250 (81.7)     66 (69.5)  0.016

Age, years  64 (55-73)  63 (54.71)  67.50 (57, 77)  0.009

DM     67 (16.6)     54 (17.5)     13 (13.7)  0.470

TBQ     50 (12.4)     46 (14.9)      4 (4.2)  0.009

DLP    118 (29.3)     84 (27.3)     34 (35.8)  0.143

HTN    175 (43.4)    127 (41.2)     48 (50.5)  0.139

Adherence to statins    394 (97.8)    303 (98.4)     91 (95.8)  0.274

LDL-C  64 (50-85)  64 (50–80)  65 (52-94)  0.327

HDL-C  36 (30-44)  35 (30-42)  39 (30-48)  0.151

TG 114 (84-69) 109.50 (79-160) 140 (100-196) <0.001

TC 124 (103-49) 121 (102-140) 138 (118-177) <0.001

Non-HDL-C  87 (70-110)  84 (69-105) 102 (75-135) <0.001

RC 22 (13-33) 20 (14-31) 29 (17-48) <0.001

Follow-up in months   4 (1-10)  6 (1-11)  1 (1-4) <0.001

Qualitative variables are presented as frequency and percentage. Quantitative variables are presented as median and interquartile range or mean
DLP: dyslipidemia; DM: diabetes mellitus; HDL-C: high-density lipoprotein cholesterol; HTN: hypertension; LDL-C: low-density lipoproteins choles-
terol; Non-HDL-C: cholesterol not associated with high-density lipoproteins; RC: remnant cholesterol; TBQ: tobacco use; TC: total cholesterol;TG: 
triglycerides

Table 1. Baseline characteristics of the population and relationship with major adverse cardiovascular events (MACE)  
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LDL-C: low-density lipoprotein cholesterol; MACE: major adverse cardiovascular events; non-HDL-C: non-high-density lipoprotein cholesterol; RC: 
remnant cholesterol. 

Fig. 1. A: shows the relationship between RC and non-HDL-C according to LDL-C levels. Both groups exhibit a positive linear 
association between the two variables. However, the slope corresponding to the group with LDL-C < 55 mg/dL (blue line) is above 
the red line, indicating that, for the same RC value, these patients had higher levels of non-HDL-C. B: shows the comparison 
of non-HDL-C levels according to the occurrence of events (MACE), stratified by LDL-C levels. In both strata, patients who 
experienced events (red) had significantly higher levels of non-HDL-C compared to those without events (blue), with statistically 
significant differences.
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1.73, p < 0.001) (Figure 2). Patients with non-HDL-C 
levels within the target range had higher event-free 
survival at follow-up (p=0.001) (Figure 3). 

DISCUSSION 
During the first year of follow-up after the index 
event, 23.5% of the patients included experienced 
MACE. There were no significant differences in the 
occurrence of events according to LDL-C levels. Con-
versely, patients with MACE did not achieve non-
HDL-C and RC target levels, with median values of 
102 mg/dL and 29 mg/dL, respectively. Furthermore, 
non-HDL-Cl was identified as an independent predic-
tor of MACE during follow-up, in contrast to LDL-C, 
which did not demonstrate such an association.

In the SWEDEHEART registry, (17) which includ-
ed 56 262 patients with MI as their first cardiovascu-
lar event, 17% of patients experienced MACE during 
follow-up. The efficacy of proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) inhibitors, alirocumab 

and evolocumab, compared with placebo, in reducing 
LDL-C and decreasing MACE was evaluated in two 
clinical trials (ODYSSEY and FOURIER). Despite 
achieving critical levels of LDL-C reduction (with 
medians of 38 mg/dL and 30 mg/dL, respectively), 
the incidence of MACE during follow-up in patients 
receiving monoclonal antibodies was 9.5% and 12.6%, 
respectively. (18,19) In our cohort, median LDL-C in 
patients with a new event during follow-up was 64 
mg/dL, very close to the target value suggested by in-
ternational guidelines.

The meta-analysis by Boekholdt et al. (20) showed 
a strong association between LDL-C and non-HDL-C 
values as predictors of MACE at follow-up, but the as-
sociation was stronger for non-HDL-C. Even in those 
patients who achieved LDL-C targets but did not do so 
for non-HDL-C, the HR was 1.32 (95% CI 1.17-1.50; p 
< 0.001). In the aforementioned Swedish registry, (17) 
baseline non-HDL-C levels were measured at the time 
of admission and at 1-year follow-up.The cumulative 
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non-HDL-C: non-high-density lipoprotein cholesterol

Fig. 3. Major adverse cardiovascular events (MACE) according to non-HDL-C target
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Fig. 2. Cox regression model for major adverse cardiovascular events (MACE)
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Analysis of Myocardial Flow Reserve in Patients with Transthyretin 
Cardiac Amyloidosis. Its Relationship with Cardiac Amyloid Distribution 
and Global Longitudinal Strain    

Análisis de la reserva de flujo miocárdico en pacientes con amiloidosis cardíaca por transtiretina. 
Su relación con la distribución de amiloide cardíaco y el strain longitudinal global
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ABSTRACT

Background: Transthyretin cardiac amyloidosis (ATTR-CA) is a disease characterized by the abnormal accumulation of amyloid 
protein in cardiac tissue, affecting ventricular function and global longitudinal strain (GLS).
Amyloid protein has a high affinity for Tc99m-labeled diphosphonate tracers. Cadmium zinc telluride (CZT) detector-equipped de-
vices allow for evaluation of hydroxy methylene diphosphonate (HMDP) distribution due to their high resolution.
Myocardial perfusion imaging with Tc99m- MIBI using CZT technology devices allow simultaneous assessment of myocardial flow 
reserve (MFR).
Objectives: The aim of this study was to evaluate MFR in patients with ATTR-CA and analyze its relationship with amyloid deposi-
tion distribution and GLS.
Methods: Patients with ATTR-CA confirmed by cardiac scintigraphy with grade 3 uptake according to Perugini scale, and absence of 
monoclonal gammopathy were included. Doppler echocardiography with GLS assessment, myocardial perfusion with Tc99m-MIBI, 
and MFR estimation were performed. Amyloid distribution was analyzed by single-photon emission computed tomography (SPECT) 
and segmented polar maps, calculating the percent uptake in each coronary territory.
Results: Twenty-two male patients with mean age of 78 ± 7 years were studied. Median total amyloid distribution in the left ven-
tricle was 88% (interquartile range, IQR, 81–97). In the left anterior descending artery territory, the median value was 94% (IQR 
91–100), in the circumflex artery territory 94% (IQR 91–98), and  in the right coronary artery territory100%. Median left ventricular 
ejection fraction was 56% (IQR 45–67.5) by echocardiography and 52.5% (IQR 39–57) by triggered SPECT, with no significant dif-
ferences. Median GLS was –8.16 (IQR –9.67 to –6.27). No ischemia or necrosis was observed in the perfusion studies. Median MFR 
was 1.81 (IQR 1.33–2.02), with stress flow of 1.22 mL/min/g (IQR 0.95–1.74) and rest flow of 0.77 mL/min/g (IQR 0.64–0.91). No 
significant association was found between amyloid deposition, MFR, and GLS.
Conclusions: Myocardial flow reserve is reduced in patients with ATTR-CA, suggesting microvascular dysfunction. However, no 
association was found between the extent of amyloid deposit, MFR, and GLS, indicating the possible involvement of additional 
pathophysiological mechanisms.

Keywords: Cardiac amyloidosis - Myocardial flow reserve - Echocardiogram with GLS-CZT-SPECT assessment

RESUMEN

Introducción: La amiloidosis cardíaca por transtiretina (AC-TTR) es una enfermedad caracterizada por la acumulación anormal de 
proteína amiloide en el tejido cardíaco, que afecta la función ventricular y el strain longitudinal global (SLG).
La proteína amiloide posee alta afinidad por los trazadores con difosfonatos marcados con Tc99m. Los equipos con detectores de cad-
mio zinc telurio (CZT) permiten una evaluación de la distribución del hidroximetilendifosfonato (HMDP) debido a su alta resolución.
Las imágenes de perfusión miocárdica (PM) con MIBI Tc99m realizadas en equipos con CZT permiten al mismo tiempo la evaluación 
de la reserva de flujo miocárdico (RFM).
Objetivos: Evaluar la RFM en pacientes con AC-TTR y analizar su relación con la distribución del depósito amiloide y el SLG.
Material y métodos: Se incluyeron pacientes con AC-TTR confirmada por centellograma cardíaco con captación grado 3 en la escala 
de Perugini y ausencia de gammapatía monoclonal. Se realizaron ecocardiografía Doppler con valoración del SLG, perfusión miocár-
dica con Tc99m-MIBI y estimación de la RFM. La distribución amiloide se analizó mediante tomografía por emisión de fotón único 
(SPECT, por su sigla en inglés) y mapas polares segmentados, calculando el porcentaje de captación en cada territorio coronario.
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INTRODUCTION
Transthyretin-related cardiac amyloidosis (ATTR-
CA) is an infiltrative cardiomyopathy caused by extra-
cellular amyloid protein deposition in cardiac tissue, 
compromising its structure, ventricular function, and 
global longitudinal strain (GLS). (1-3)

ATTR-CA is an underdiagnosed disease. However, 
there are clinical, electrocardiographic, and echocar-
diographic variables that are easily accessible in rou-
tine clinical practice and can facilitate early detection. 

Previously considered a rare disease, diagnosis was 
made invasively through histological confirmation. 
However, in the last decade there has been a paradigm 
shift, driven by the emergence of specific treatments, 
which has led to research into non-invasive diagnostic 
methods. (4)

Currently, cardiac scintigraphy with phosphonates 
is considered a non-invasive biopsy due to its high 
sensitivity and specificity for diagnosis. It is combined 
with the assessment of free light chains in blood and 
urine, allowing for the exclusion of combined or alter-
native forms of amyloidosis, in particular light chain 
cardiac amyloidosis (AL-CA). 

The amyloid protein has a high affinity for Tc99m-
labeled diphosphonate tracers. Devices with cadmium 
zinc telluride (CZT) detectors evaluate the distribu-
tion of hydroxymethylene diphosphonate (HMDP) 
due to its high resolution. (2,5)

In parallel, it has been postulated that amyloid 
deposition may affect coronary microcirculation. Myo-
cardial flow reserve (MFR), understood as the ability 
of the coronary circulation to increase blood flow in 
response to increased metabolic demand, may be al-
tered by mechanisms related to amyloid infiltration. 
As amyloid proteins accumulate in the walls of blood 
vessels and cardiac tissue, their vasoconstrictive and 
proinflammatory effect may compromise adequate 
microcirculatory dilation, limiting the heart's ability 
to adapt to physiological variations. (6,7)

Gamma cameras with CZT detectors have emerged 
as a noninvasive and accurate alternative for assessing 
MFR. This method allows the acquisition of dynamic 
images in order to evaluate the integrated vasodila-
tory response of the coronary tree through myocardial 
flow measurement and MFR calculation. (8-10)

The primary objective of this study was to evalu-

ate MFR in patients with ATTR-CA and, as a second-
ary objective, to correlate this parameter with cardiac 
amyloid distribution and GLS.

METHODS
Study design
This was a single-center, prospective cohort study.

Population
Twenty-two patients with ATTR-CA diagnosed with Grade 
3 uptake HMDP on cardiac scintigraphy according to Perug-
ini scale and negative light chains in blood and urine were 
consecutively included. In all cases, the diagnosis was estab-
lished exclusively by noninvasive methods, without the need 
for endomyocardial biopsy.

Patients with known epicardial coronary artery disease 
were excluded. All participants were not receiving specific 
treatment at the time of evaluation.

Imaging studies
Conventional echocardiography and myocardial perfusion 
imaging (MPI) were performed, and Tc99m MIBI was used 
to assess MFR.

Images with diphosphonates were used to evaluate the 
degree of overall left ventricular involvement, expressed as 
percentage, as well as the territorial distribution of amyloid 
substance. This quantification was performed using polar 
maps automatically generated by the CZT system software. 
Uptake values were expressed as relative percentage of total 
activity in the left ventricle, segmented by coronary terri-
tory. (Figure 1)

Scintigraphy was performed one hour after intravenous 
injection of 20 mCi of HMDP-Tc99m. Images were acquired 
with a dual-head ADAC camera under the following protocol: 
1) Planar images (anterior and left anterior oblique): Matrix 
128×128 million counts; 2) Gated single-photon emission 
computed tomography (Gated SPECT): Matrix 64×64 with 
30 seconds per frame. The images were processed with Vec-
csa's VEXWIN software.

The report was prepared independently by two experi-
enced cardiologists (AM, OM). Discrepancies were resolved by 
consensus. The degree of cardiac uptake in relation to bone 
tissue was assessed using two methods: A) Semi-quantitative, 
following Perugini scale (Figure 2), where cardiac uptake was 
compared with that of the sternum: grade 0 = no uptake, I 
= cardiac uptake less than the sternum, II = cardiac uptake 
similar to the sternum, III = cardiac uptake greater than the 
sternum, and B) Quantitative: heart-to-lung ratio defined as 
the number obtained by dividing the number of counts at the 
level of the heart silhouette by the number of counts in a con-
tralateral area of equal size. (11) (Figure 3) 

Resultados: Se estudiaron 22 pacientes masculinos con edad promedio de 78 ± 7 años. La distribución total de amiloide en ventrículo 
izquierdo mostró mediana de 88% (rango intercuartílico, RIC, 81–97). La mediana fue 94% (RIC 91–100) en territorio de la arteria 
descendente anterior, 94% (RIC 91–98) en el de la circunfleja y 100% en el de la coronaria derecha. La mediana de fracción de eyec-
ción del ventrículo izquierdo fue 56% (RIC 45–67,5) por ecocardiografía y 52,5% (RIC 39–57) por SPECT gatillado, sin diferencias 
significativas. El SLG presentó mediana de –8,16 (RIC –9,67 a –6,27). No se observaron isquemia ni necrosis en los estudios de 
perfusión. La RFM mediana fue 1,81 (RIC 1,33–2,02), con flujo en estrés de 1,22 mL/min/g (RIC 0,95–1,74) y en reposo de 0,77 mL/
min/g (RIC 0,64–0,91). No se encontró asociación significativa entre depósito amiloide, RFM y SLG.
Conclusiones: La RFM se encuentra reducida en pacientes con AC-TTR, lo que sugiere disfunción microvascular. Sin embargo, no 
se halló asociación entre la magnitud del depósito amiloide, la RFM y el SLG, lo que indica la posible participación de mecanismos 
fisiopatológicos adicionales.

Palabras clave: Amiloidosis cardíaca - Reserva flujo miocárdico - Ecocardiograma -Strain longitudinal global-CZT - CZT- SPECT
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The MFR was determined as the ratio between abso-
lute coronary flow (mL/min/g) during dipyridamole-induced 
pharmacological vasodilation and flow at rest. A stress flow 
value  greater than1.8 mL/min/g and and MFR ≥ 2 are con-
sidered normal. (12) (Figure 4).  

All patients underwent MPI with MFR assessment us-
ing Tc99m-MIBI, with pharmacological stress using dipy-
ridamole and CZT-SPECT acquisition in a one-day protocol, 
approximately one week after the cardiac scintigraphy with 
HMDP. Regular medication was not suspended. Patients 
were instructed to avoid caffeine and proton pump inhibi-
tors for at least 24 hours prior to the study. In addition, a 
minimum fasting period of two hours prior to the procedure 
was required.

Baseline hemodynamic values were initially obtained, 
after which 7 mCi of Tc99m-MIBI were injected at rest and 
dynamic images were obtained to determine baseline MFR, 
followed by conventional myocardial perfusion images. At 
60 minutes, 0.56 mg/kg of intravenous dipyridamole were 
administered over 4 minutes, followed by 21 mCi of Tc99m-
MIBI, and hemodynamic values and dynamic images were 
obtained again to determine MFR after stress. 

A cardiac color Doppler echocardiogram was also per-
formed to determine ventricular function and GLS. A 
Philips Affinity C50 ultrasound machine was used. The 
studies were performed by two operators (PE, MC) with a 
5 MHz Matrix transducer to acquire two-dimensional im-
ages at a frame rate of 60 to 70 per second. The evaluation 
of chamber diameters and thicknesses, left atrial area, as 
well as transvalvular flows with the respective assessments 
of systolic and diastolic function, was achieved according to 
the American Society of Echocardiography guidelines.(13) 
In addition to conventional echocardiographic assessment, 
GLS was analyzed; from four, three, and two chamber  apical 
views. Processing of 2D strain images was done offline at a 
workstation.

Statistical Analysis
Categorical variables are presented as percentages and con-
tinuous variables as median with their interquartile range 
(IQR). The normality of continuous variables was assessed 
using the Shapiro-Wilk test. Since the MFR variable did not 
have a normal distribution (p <0.05), Spearman's correla-

tion coefficient was used to analyze the correlations between 
parameters of interest. A p value <0.05 was considered sig-
nificant. StatsDirect version 3.3.5 was used for the analyses.

Ethical considerations 
The study was conducted in accordance with the principles 
of the Declaration of Helsinki (14) and approved by the in-
stitutional teaching and research committee and by an inde-
pendent ethics committee.

RESULTS 
Twenty-two male patients with  mean age of 78 ± 7 
years, and history of hypertension (82%), dyslipidem-
ia (73%), diabetes (23%), smoking (59%), heart failure 
(68%), and atrial fibrillation (59%) were included in 
the study.  

Fig. 1. The image on the right shows a polar map expressing the distribution of amyloid tissue. The images on the left show 
tomographic images. 

Fig. 2. Anterior view of cardiac scintigraphy with grade 3 
Perugini uptake 
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Total amyloid involvement in the left ventricle, 
assessed by SPECT imaging with reconstruction into 
polar maps, showed a median of 88% (IQR 81%-97%). 
Territorial quantification of TTR deposition was per-
formed by segmenting the polar maps according to the 
standardized distribution of the three main coronary 
territories. A median uptake of 94% (IQR 91%-100%) 
was observed in the left anterior descending artery 
territory, 94% (IQR 91%-98%) in the circumflex terri-
tory, and 100% in the right coronary territory.

Median left ventricular ejection fraction was 56% 
(IQR 45%-67.5%) by echocardiography and 52.5% 

(IQR 39%-57%) by triggered SPECT, with no statisti-
cally significant differences between the two methods.

Median GLS was –8.16 (IQR –9.67 to –6.27). 
Myocardial perfusion studies showed no evidence 

of ischemia or necrosis. 
Median MFR was 1.81 (IQR 1.33-2.02) with a peak 

flow of 1.22 mL/min/g (IQR 0.95-1.74) under stress 
and 0.77 mL/min/g (IQR 0.64-0.91) at rest 

Table 1 shows the individual results of myocardial 
flow during stress and at rest (mL/min/g), myocardial 
flow reserve calculated as the ratio between the two, 
total amyloid deposit extent expressed as percentage, 

Fig. 3. Anterior view of cardiac scintigraphy with one region of interest (ROI) located in the cardiac silhouette and another in the 
contralateral region. The heart-to-lung ratio yields a value of 3.03.

Fig. 4. The image on the left shows myocardial flow curves both at rest and during pharmacological stress with dipyridamole. 
The image on the right shows flow quantification, with peak flow under dipyridamole of 0.77 mL/min/g and at rest of 0.66 mL/
min/g, defining a MFR value of 1.24.
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and GLS in the 22 patients with ATTR-CA. 
We found no asociation between MFR, amyloid 

deposit extent, and SLG, with Spearman's correlation 
coefficients between -0,03 and 0,25, non significant in 
any case (Figure 5), nor any specific anatomical loca-
tion of the deposits (Figure 6).

DISCUSSION
In our study, most patients with ATTR-CA had de-
creased MFR with abnormal peak flow values. We 
found no association between MFR, cardiac amyloid 
distribution, and GLS. 

The characteristic GLS pattern in cardiac amyloi-
dosis (CA), described as a “Japanese flag,” has tradi-
tionally been attributed to the predominant accumu-
lation of amyloid deposits in the basal and mid regions 
of the ventricle. However, in our study, we observed a 
homogeneous distribution of deposits, without a spe-
cific anatomical preference. (15) 

There are no studies in the literature evaluating 
MFR using CZT cameras. Although there are a few 
studies addressing MFR, these have been conducted 
using other methods, such as positron emission to-

mography (PET), echocardiography, and cardiac 
resonance imaging. Most of these studies include het-
erogeneous populations, consisting of patients with 
ATTR-CA and AL-CA, and some consist solely of case 
reports, which limits the extrapolation of their find-
ings. (16-20)

One of the most relevant studies supporting the 
role of microvascular dysfunction in cardiac amyloi-
dosis is the prospective study by Dorbala et al., which 
included a cohort of 21 patients with confirmed diag-
nosis, 15 with AL-CA and 6 with ATTR-CA, includ-
ing hereditary and senile forms. All patients were free 
from significant epicardial coronary artery disease 
and were compared with a control group with hyper-
tensive left ventricular hypertrophy. Myocardial per-
fusion at rest and under stress, as well as MFR, were 
assessed by N-13 ammonium PET and echocardiogra-
phy. The findings were consistent: patients with CA 
had significantly reduced myocardial flow at rest and 
under stress, markedly decreased MFR (1.19 vs. 2.23; 
p<0.0001), and minimum increased coronary vascu-
lar resistance. (20)

A study by Clemmensen et al. specifically evalu-

Patient Total stress Total rest Total reserve Total extent GLS

1 2.29 0.88 2.62 78 -8.54

2 0.95 0.55 1.83 93 -6.27

3 1.23 0.65 1.82 88 -5.74

4 1.65 0.83 1.89 84 -9.6

5 0.61 0.33 1.88 99 -6.46

6 0.82 0.64 1.33 96 -2.87

7 0.79 0.50 1.71 68 -6.2

8 0.95 0.64 1.47 77 -6.23

9 2.12 1.13 1.80 80 -9.67

10 1.99 0.74 2.61 92 -5.48

11 1.18 0.90 1.30 82 -7.06

12 1.35 0.67 2.06 99 -8.33

13 1.12 0.86 1.31 100 -6.41

14 0.77 0.66 1.24 97 -8.65

15 1.74 0.75 2.41 100 -12.3

16 1.74 1.08 1.61 88 -9.67

17 1.16 0.91 1.23 84 -12.98

18 1.95 0.92 2.02 91 -6.41

19 1.22 0.94 1.30 81 -6.4

20 1.41 0.80 1.82 81 -11.75

21 1.62 0.97 1.67 85 -12.96

22 1.21 0.46 2.81 100 -9.69

Table 1. Individual results of myocardial flow under stress and at rest (mL/min/g), myocardial flow reserve (stress/rest), total 
amyloid deposit extent (%), and global longitudinal strain (GLS)
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ated MFR in patients with CA compared with healthy 
subjects. This prospective cohort included 27 patients 
with CA, 13 with  AL-CA, 9 with hereditary ATTR-CA 
and 5 with wild-type ATTR-CA. All underwent MFR 
measurement by transthoracic Doppler echocardiog-
raphy, evaluating flow in the anterior descending ar-
tery during physical exertion in the semi-supine posi-
tion. The results showed a marked reduction in MFR 
in patients with CA, with average values of 1.7 vs. 3.9 
in the control group (p<0.001). This alteration was 
consistently observed in the three variants of amyloi-
dosis included in the study, with no significant differ-
ences between them. (19)

It is postulated that the underlying pathophysi-
ological mechanisms of microvascular dysfunction in 
patients with CA could be classified into three main 
categories: a toxic mechanism, in which the release of 

free radicals induced by the amyloid substance gener-
ates microcirculatory dysfunction; a vascular mecha-
nism, characterized by the deposition of amyloid in 
the blood vessel wall; and an extravascular mecha-
nism associated with perivascular and interstitial 
amyloid deposition. Although these three mechanisms 
may coexist, the abnormal peak flow values observed 
in our population suggest microvascular compromise 
due to extrinsic compression, attributed to interstitial 
amyloid protein deposition. (15,20,21)

In a recent study that included autopsies performed 
on patients diagnosed with CA, the histopathologi-
cal distribution of different types of amyloidosis was 
analyzed. The findings revealed that in patients with 
AL-CA the pattern of amyloid fibril deposition was 
predominantly perivascular. In contrast, in patients 
with ATTR-CA the predominant pattern was intersti-

Fig. 6. Patient’s GLS with apical preservation pattern. The homogeneous distribution of HMDP is observed in the same patient. .

Fig. 5. Polar maps show the percentages of HMDP extension with their corresponding MFR values, demonstrating that there is no 
correlation between the two parameters.

GLS: global longitudinal stress; HMDP:  hydroxymethylene diphosphonate

HMDP:  hydroxymethylene diphosphonate; MFR: myocardial flow reserve
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tial. These results reinforce what we observed in our 
population. (22)

The study by Mustafa Bulut et al. proposes that 
chronic systemic inflammation is responsible for the 
decrease in MFR in patients with systemic amyloido-
sis. To verify this hypothesis, MFR was assessed by 
echocardiography and compared with systemic in-
flammatory diseases and a control group without dis-
ease. The results show that the subgroup of patients 
with systemic amyloidosis had significantly lower 
MFR values than other patients with chronic inflam-
matory diseases without amyloidosis and individuals 
in the control group. (23)

Published studies have documented a decrease in 
MFR in patients with cardiac amyloidosis, associating 
it with the presence of anginal symptoms. It has even 
been suggested that this alteration could be the first 
clinical manifestation of the disease. (16,18,24)

The emergence of different specific therapeutic op-
tions for CA, many of which are still in the research 
phase, poses new challenges in clinical practice. Iden-
tifying the patients who will benefit most from treat-
ment, choosing the optimal time to start treatment, 
and selecting the most appropriate drug, or even the 
possibility of drug combination, given that they act on 
different pathophysiological mechanisms, are key is-
sues that still require further definition. In this con-
text, measuring MFR could be a useful tool, as it is 
a functional parameter that has been associated with 
prognosis and could help stratify patients and guide 
more personalized therapeutic decisions. (25-27)

A prospective multicenter study is currently un-
derway to evaluate MFR using CZT cameras in pa-
tients with ATTR-CA diagnosis free from previous 
treatment, with baseline measurement and reassess-
ment two years after initiation of tafamidis therapy. 
Although the results have not yet been published, 
this study is expected to provide relevant information 
to further investigate the pathophysiological mecha-
nisms involved and the functional response to specific 
treatment, important aspects that remain poorly ex-
plored in this population. (28)

Our findings reinforce the presence of microvascu-
lar dysfunction in patients with ATTR-CA. The reduc-
tion in MFR observed in our population, associated 
with a homogeneous distribution of amyloid deposits 
and marked deterioration of GLS, suggests that func-
tional compromise of the coronary tree may represent 
an early manifestation independent of the degree of 
structural infiltration. Although no correlation was 
found between MFR and amyloid burden, this ob-
servation raises new pathophysiological and meth-
odological questions that deserve further exploration. 
The use of noninvasive tools, such as CZT cameras, 
in combination with more accurate tissue quantifi-
cation techniques, could open new opportunities for 
risk stratification and therapeutic monitoring in this 
population.

CONCLUSION
Myocardial flow reserve is compromised in patients 
with ATTR-CA diagnosis and abnormal peak flow val-
ues, suggesting microvascular involvement due to in-
terstitial amyloid protein deposition. However, it was 
not possible to associate MFR compromise with amy-
loid tissue burden in this population.

We found no correlation between MFR, cardiac 
amyloid distribution, and GLS.

Myocardial flow reserve assessment could become 
a tool for understanding disease progression and 
stratifying risk in patients with ATTR-CA. 
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ABSTRACT

Background: In Argentina, high-mountain indigenous communities have been scarcely studied due to a combination of factors, in-
cluding difficult access, an isolated environment, and their closed nature. However, their habits are becoming increasingly western-
ized, which could affect their cardiovascular health. Through the IV Edition of the SONQO-CALCHAQUÍ Program, a cardiovascular 
check-up was carried out in the Coranzulí community (province of Jujuy, 4100 meters above sea level).
Objective: The aim of this study was to characterize the cardiovascular health status of the Coranzulí indigenous population. 
Methods: This was a descriptive cross-sectional study. A comprehensive assessment was carried out on the residents (aged 18 years 
or older) who attended the IV Edition of the SONQO-CALCHAQUÍ Program (September 30 to October 4, 2024).
Results: A total of 241 residents (44.1±0.1 years old) were included in this study. They presented changes consistent with adapta-
tion to life at high altitude: increased hematimetric values and low oxygen saturation. The diet preserves indigenous elements (e.g., 
llama meat and "anchi") associated with flours and processed foods. In general, they have good sleep quality, physical activity, and 
cardiovascular function. Grip strength was within the normal range in 80.3% of cases. 
According to the body mass index, 0.4% were malnourished; 32.0% presented normal weight; 36.5% were overweight; 23.2% were 
obese; and 7.9% were morbidly obese. Waist circumference was elevated in 56.7% of the population. Systolic blood pressure was 
elevated in 8.8% and diastolic blood pressure in 12.6% of residents.
On the electrocardiogram, 13.3% had a right axis deviation and 7.1% had right bundle branch block. On the arterial Doppler echo, 
90.0% had no atheromatous plaques. 
Conclusions: Although the Coranzulí indigenous population maintains characteristics that can be considered cardioprotective, it is 
undergoing a westernizing process. The true role of this change in the general and cardiovascular health of this population remains 
to be evaluated, which requires the continuation of multisectoral studies, such as the SONQO-CALCHAQUÍ Program.

Keywords: Indigenous population - South America – High-mountain - Cardiovascular variables - Epidemiology

RESUMEN

Introducción: En Argentina, las comunidades originarias de alta montaña han sido escasamente estudiadas debido a una conjunción 
de características que incluyen un difícil acceso, un entorno aislado y su carácter cerrado. Sin embargo, se está observando una occi-
dentalización de sus hábitos, que podría afectar su salud cardiovascular. Mediante el Programa SONQO-CALCHAQUÍ (Edición IV), 
se realizó un control cardiovascular en la comunidad de Coranzulí (provincia de Jujuy, 4100 metros sobre el nivel del mar).
Objetivo: Caracterizar el estado de salud cardiovascular en la población originaria de Coranzulí. 
Material y métodos: Estudio descriptivo transversal. Se evaluó, en forma integral, a los pobladores (18 años o más) que asistieron 
al Programa SONQO-CALCHAQUÍ Edición IV (30 de setiembre al 4 de octubre del 2024).
Resultados: Fueron incluidos en el presente estudio 241 pobladores (44,1±0,1 años). Presentaron cambios compatibles con la adap-
tación a la vida en altura: aumento de los valores hematimétricos y baja saturación de oxígeno. Su dieta preserva elementos autóc-
tonos (por ejemplo, carne de llama y “anchi”) asociados a harinas y alimentos procesados. En general tienen buena calidad de sueño, 
actividad física y función cardiovascular. La fuerza prensil estuvo dentro de rango normal en 80,3% de los casos. 
Según el índice de masa corporal 0,4% presento desnutrición; 32,0% normopeso; 36,5% sobrepeso; 23,2% obesidad y 7,9% obesidad 
mórbida. El perímetro de cintura estuvo elevado en 56,7% de los pobladores. La presión arterial sistólica estuvo elevada en el 8,8% y 
la diastólica en el 12,6% de los pobladores.
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INTRODUCTION
Through the SONQO-CALCHAQUÍ Program (Edi-
tions I to III), a group of physicians from different 
parts of the country conducted cardiovascular checks 
on the inhabitants of the indigenous communities of 
the Calchaquí Valleys (provinces of Tucumán, Salta, 
and Catamarca) who live in mid- and high-mountain 
areas. The population presented a high rate of obesity, 
a prevalence of cardiovascular risk factors similar to 
that of urban centers, and a diet based on flour. These 
results show an adoption of cultural, economic, and/
or social elements typical of Western culture, either 
voluntarily or imposed, in their lifestyles. (1-3) This 
westernization has already been described in other in-
digenous populations in Argentina. (4-6) 

The adaptive challenges of performing activities 
(7) and living (8) at altitudes above 2500 m above sea 
level (high-mountain) are still being studied world-
wide. In Argentina, high-mountain indigenous com-
munities have been scarcely studied due to a combina-
tion of characteristics that include difficult access, an 
isolated environment, and their closed nature. How-
ever, a westernization of their nutritional habits is 
being observed, especially in younger populations. (9)

In the IV Edition of the SONQO-CALCHAQUÍ 
Program, the cardiovascular health study was ex-
tended to the residents of the Coranzulí community 
(Susques department, province of Jujuy). 

The Coranzulí community is located 4100 meters 
above sea level in a rugged and dry environment. (10)  
The population of the Susques department in 2022 
was 4098 inhabitants, (11) and that of Coranzulí in 
2014, 339 inhabitants. (10) There is no more recent 
data, and the actual number of inhabitants in Co-
ranzulí is difficult to estimate because most of them 
are semi-nomadic and have been herding American 
camelids since pre-Hispanic times. (10) This popula-
tion presents itself as a closed and isolated indigenous 
community. However, the advance of the mining in-
dustry in the area poses multiple challenges that must 
be evaluated. (12)

The objective of this study was to characterize the 
cardiovascular health status of the indigenous popula-
tion of Coranzulí.

METHODS
This was a descriptive cross-sectional study. Residents (aged 
18 years or older) who voluntarily attended the IV Edition 
of the SONQO-CALCHAQUÍ Program (September 30 to Oc-

tober 4, 2024) were evaluated. In order to assess only the 
indigenous population, we worked in conjunction with the 
community delegate. Seven clinics were set up at Secondary 
School No. 18 (Coranzulí), where the following tests were 
carried out: 

Clinic 1 (Laboratory): routine tests were per-
formed. Glomerular filtration rate was calculated using the 
MDRD-4 formula. (13) Thyroid-stimulating hormone (TSH) 
and serology for Chagas disease were also measured. 

Clinic 2 (Surveys): 
- 	 Targeted socioeconomic survey. (1) 
- 	 24-hour dietary recall test. (14)
- 	 Food consumption frequency test: semi-quantitative 

questionnaire indicating the frequency of consumption 
of 19 foods (daily, weekly, or monthly) in the last year. 
(2,3)

- 	 SF-12 questionnaire: assesses self-perceived health sta-
tus, with a score between 0 (none) and 48 (maximum). 
(15)

- 	 Pittsburgh Sleep Quality Index. (16)

Clinic 3 (Anthropometry, blood pressure, 
and oximetry): body mass index (BMI) was calculated, 
and, expressed in kg/m2. Values ≥18.5 and <25 were consid-
ered normal. Waist circumference (normal ≤ 88 cm in wom-
en and ≤ 102 cm in men) and neck circumference (normal 
≤43 cm) were measured.

Blood pressure (BP) was assessed with a digital sphyg-
momanometer (Omrom® 7120) according to the guidelines 
of the Argentine Consensus on Hypertension. (17) 

Oxygen saturation (%) and heart rate (bpm) were meas-
ured with a digital oximeter (Contec® CMS50N).

Clinic 4 (Electrocardiogram, ECG): a 12-lead 
digital recording (Jotatec®  TaurusTouch) was performed. 

Clinic 5 (Echocardiography): recording of car-
diac structure dimensions (mm) and areas (cm²) (Esaote® 
MyLab 30 Gold) were made, with calculation of left ven-
tricular ejection fraction (LVEF) using the Simpson biplane 
method. (18)

Clinic 6 (Peripheral arterial ultrasound): 
Doppler ultrasound technique was used on neck and iliofem-
oral arteries (Esaote® MyLab 30 Gold). 

Clinic 7 (Physical capacity): exercise tolerance 
using the Ruffier-Dickson test. (19) The Ruffier index [(sum 
of baseline, intra-exercise, and post-exercise heart rates) – 
200)/10] was calculated and the following scale was used: 0: 
very good; 0.1 to 5: good; 5.1 to 10: average; 10.1 to 15: insuf-
ficient; and 15.1 to 20: poor. 

En el electrocardiograma, 13,3% presentó el eje desviado a la derecha y 7,1% bloqueo de rama derecha. En el eco Doppler arterial 
90,0% no presentaban placas ateromatosas. 
Conclusiones: Si bien la población originaria de Coranzulí mantiene características   autóctonas que pueden considerarse cardio-
protectoras, está transitando un proceso de occidentalización. Queda como tarea evaluar el verdadero rol de este cambio en la salud 
general y cardiovascular de esta población, para lo cual es necesaria la continuación de estudios multisectoriales, tales como el Pro-
grama SONQO-CALCHAQUÍ.

Palabras clave: Población originaria - Sudamérica - Alta montaña - Variables cardiovasculares - Epidemiología
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ValueVariable

Maximum handgrip strength was measured using a hy-
draulic dynamometer (Jamar®) in the dominant hand, cal-
culated as the average of three attempts. Values ≥ 27 kg in 
men and ≥ 16 kg in women were considered normal. (20) 

Exclusion criteria included sensory, cognitive, or motor 
disabilities.

Statistical analysis
Results were expressed as frequency and percentage for 
qualitative variables and as mean ± standard error for 
quantitative variables. Qualitative variables were compared 
using the chi-square or Fisher's exact test, as appropriate, 
and quantitative variables using Student's t-test. Data were 
analyzed using Prism 5.0.2 software. Values with     p < 0.05 
were considered statistically significant.

Ethical considerations 
The study was approved by the Provincial Health Ethics and 
Research Committee of the Ministry of Health of the Prov-
ince of Jujuy (File No. 773-1251/2024). All participants gave 
their informed consent to participate.

RESULTS 
A total of 404 persons were analyzed in the IV Edition 
of the SONQO-CALCHAQUÍ Program. Among them, 
241 (average age 44.1±0.1 years) were included in this 
study: 139 women (57.7%) and 102 men (42.3%). All 
the communities where residents came from were lo-
cated more than 2500 meters above sea level.

Clinic 1: Table 1 shows the results of the routine 
analysis. The calculated glomerular filtration rate 
was 107.4±1.7 mL/min, and TSH values were 5.8±1.8 
mIU/L. Only one resident tested positive for Chagas 
disease serology.

Clinic 2: 
Targeted socioeconomic survey: 

a)	 Educational level: 5.0% were illiterate; 56.4% had 
completed primary school; 21.6% had completed sec-
ondary school; and 17.0% had completed tertiary educa-
tion.

b)	 Occupation: 60.2% were active workers; 19.9% per-
formed household tasks; 0.8% were students; 12.9% were 
retired; and 6.2% were unemployed.

c)	 Health coverage: 71.4% had social security; 0.8% had 
prepaid coverage, and 27.8% had no health cover-
age.
In 91.7% of cases, residents had a cell phone, with 

an average use of 3.9±0.2 hours/day.
Regarding cardiovascular risk factors, 13.7% had 

history of hypertension (HTN); 2.9% had diabetes, 
16.2% had dyslipidemia, and 15.8% were smokers. 
The age of the residents was higher in the group with 
HTN (54.2±2.6 years vs. 42.4±1.0 years in those 
without HTN; p<0.001) or diabetes (57.0±3.3 years 
vs. 43.7±1.0 years in residents without diabetes; p= 
0.032). 

24-hour dietary recall test: breakfast consisted 
mainly of tea (43.2%) and mate (30.3%), usually ac-
companied by bread (40.2%). At mid-morning, 36.1% 

had a snack. At lunch, 78.4% ate meat (beef 58.9%, 
chicken 14.5%, and llama 5%), usually accompanied 
by flour or rice. Dessert was fruit (39.8%), cornmeal 
("anchi"; 9.1%), or another dessert (7.5%). The after-
noon snack was similar to breakfast, and dinner was 
similar to lunch.

Food consumption frequency test: during the pre-
vious year, residents consumed the following number 
of monthly portions: lean meat: 21.5±1.3 (mainly lla-
ma and lamb); white meat: 10.0±0.1; fish: 1.8±0.4; 
vegetables: 37.1±1.5; fruit: 28.0±1.6; nuts: 1.8±0.5, 
legumes: 3.8±0.5; fat: 22.8±1.3; refined cereals: 
22.8±1.8; whole grains: 1.6±0.8; sugar: 17.6±1.6; 
dairy products: 9.2±0.7; and eggs: 11.9±0.9.

Almost half of the residents (48.9%) reported regu-
lar alcohol consumption.

SF-12 questionnaire: the average score was 
26.7±0.3 points (63.7±0.6% of the total value). Figure 
1 shows the answers to the questionnaire.

Pittsburgh Sleep Quality Index: bedtime was at 
10:42 p.m.±00:05 a.m. and wake-up time was at 7:48 
a.m.±00:02 a.m. (9.1±0.05 hours of sleep). During the 
last month, 38.8% of residents had no trouble falling 
asleep; 51.7% got up during the night to go to the bath-
room; 16.3% reported feeling apnea; 38.3% snored; 

Table 1. Routine test results (n=241)

Hematocrit (%)

Hemoglobin (g/dL)

Red blood cells (million/dL)

White blood cells (thousand/dL)

Platelets (thousand/dL)

Erythrocyte sedimentation rate (mm)

Blood glucose (mg/dL)

Creatinine (mg/dL)

Urea (mg/dL)

GOT (IU/L)

GPT (IU/L)

Alkaline phosphatase (IU/L)

Bilirubin (mg/dL)	 Total

		  Indirect

		  Direct

Cholesterol (mg/dL)	 Total

		  HDL-C

		  LDL-C

Triglycerides (mg/dL)

54.4±0.4

18.1±0.1

6.2±0.0

6.8±0.1

245.2±3.6

7.5±0.3

76.6±0.7

0.7±0.0

20.6±0.4

7.2±0.2

6.9±0.2

190.4±3.8

0.4±0.0

0.3±0.0

0.2±0.0

169.1±2.8

42.8±0.4

101.5±2.7

122.0±2.0

GOT: Glutamic-oxaloacetic transaminase; GPT: Glutamic-pyruvic trans-
aminase; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-den-
sity lipoprotein cholesterol.
Variables are presented as mean ± standard error.
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and 30.4% had nightmares. Regarding sleep quality, 
29.9% indicated that it was very good; 59.7% fairly 
good; 7.5% fairly poor; and 2.8% very poor; 96.7% did 
not take sleep medication. 

Clinic 3: Table 2 shows the results of the param-
eters recorded. According to BMI, 0.4% were malnour-
ished; 32.0% had normal weight; 36.5% were over-
weight; 23.2% were obese; and 7.9% were morbidly 
obese. Waist circumference was elevated in 56.7% and 
neck circumference in 8.0% of residents. Systolic BP 
was elevated in 8.8% of the population and diastolic 
BP in 12.6%. Average arterial O2 saturation was 88.3 
±0.4%.

Clinic 4: Mean heart rate on the ECG was 
68.8±0.7. The average QRS complex duration was 

101.7±7.4 msec., and the QT interval 404.9±2.1 
msec. The cardiac axis was 43.6±4.5°. In 32 residents 
(13.3%), the axis was deviated to the right, and 17 
(7.1%) had right bundle branch block. One resident 
had atrial fibrillation.

Clinic 5: Table 3 shows the quantifiable findings 
of the echocardiogram. Thirteen residents had mitral 
regurgitation; 6 had tricuspid regurgitation; 3 had 
aortic stenosis; and 1 had pulmonary stenosis. Hy-
pokinesia was found in 7 residents and abnormal sep-
tal motility in 1. In 5 residents, the right ventricle was 
dilated. Signs of pulmonary hypertension were found 
in 7 residents.

Clinic 6: No aneurysms, tumors, or malforma-
tions were found in any resident. 

Fig. 1. Self-perceived health status: responses to the SF-12 Form (n=241)

A. How do you perceive your health?

C. During the last 4 weeks, to what extent has 
pain made your usual work difficult?

B. During the last 4 weeks:

D.  During the last 4 weeks:
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A: How long did you feel calm and peaceful?
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difficult for you to engage in social activities?

A: Did you do less than you would have liked because of your physical 
health?
B: Did you have to stop doing some tasks at work or in your daily 
activities because of your physical health?
C: Did you do less than you would have liked to do because of an 
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Neck arteries: Seven residents had myointimal 
thickening. Ten residents had thyroid nodules. There 
was no difference in TSH values between residents 
with and without nodules. 

Iliofemoral arteries: Three residents had myointi-
mal thickening and five had wall irregularities. 

Presence of plaques: 23 residents had atheroma-
tous plaques in the carotid bed; 8 in the iliofemoral 
bed and 2 in both beds. Ninety percent of residents 
had no plaques in any of the beds studied.

Residents with atheromatous plaques were older 
(56.1±2.7 years vs. 42.2±1.0 years in those without 
plaques, p<0.001).

Clinic 7: 
Ruffier-Dickson test: Baseline HR was 70.7±0.8 

beats/min; during exercise 96.0±1.3 beats/min 
(24.7±1.0% increase from baseline), and after exer-
cise 72.6±1.0 beats/min (23.3±0.9% decrease from 
exercise). The Ruffier index was 4.1±0.3. It was con-
sidered very good in 15.6% of the population; good 
in 50.5%; average in 28.0%; insufficient in 4.1%; and 
poor in 1.8%. 

Grip strength: The average value was 29.4±0.6 kg. 
In 80.3% of cases, it was within the normal range.

DISCUSSION
The population studied has an above-average self-
perception of their health, (15) with good sleep qual-
ity and good cardiovascular function accompanied by 
adaptive changes to life at high altitude. On the other 
hand, a high prevalence of overweight/obesity with in-

creased waist circumference was found. Added to this 
is high alcohol consumption. 

The population was younger than that studied in 
previous editions of the SONQO- CALCHAQUÍ Pro-
gram. (1-3) It should be clarified that this Program 
includes residents who attend voluntarily, which in-
troduces a bias, since older residents have greater dif-
ficulty participating, thus selecting a younger popula-
tion. 

Unlike other editions of the SONQO-CALCHAQUÍ 
Program, O2 saturation values were below 90%. These 
values, which in other situations would be ground for 
hospitalization, (21) have been described as "normal" 
in high-altitude populations. (22) Increased hemati-
metric values, also described in other high-altitude 
populations, (23) would be compensatory to hypoxia. 
Although the hemodynamic cost of this adaptive pro-
cess is still unclear, the fact that the echocardiogram 
and physical capacity were within normal limits in-
dicates a cardiovascular physiology compensated for 
these conditions. This hypothesis is supported by the 
results of the Pittsburgh Index, with good sleep qual-
ity and low prevalence of apnea, as sleep quality has 
been shown to be altered by hypoxemia. (24) In addi-
tion, they presented an electrocardiographic tracing 
within normal limits, a fact already observed in other 
high-altitude populations, (25) and laboratory indi-
ces of renal and hepatic function within physiological 
ranges. 

Elevated TSH values were found, and in some res-
idents, thyroid nodules. Alterations in the hypotha-
lamic-thyroid axis have been described in high-moun-

ValueVariable (Unit)

Table 2. Anthropometric and hemodynamic variables of the population 
(n=241)

Weight (kg)

Height (cm)

BMI

Waist circumference (cm)

Neck circumference (cm)

Arm span (cm)

Upper arm		  Right

circumference (cm)		  Left

Calf circumference		  Right

(cm)			   Left

Blood pressure (mmHg)	 Systolic

			   Diastolic

			   Differential

			   Mean

Oxygen saturation (%)

Heart rate (bpm)

69.5±0.9

158.4±0.5

27.8±0.3

96.2±0.8

37.4±0.3

149.1±2.7

28.8±0.3

29.1±1.1

35.2±0.2

35.2±0.2

115.2±1.0

75.9±0.7

39.5±0.8

88.9±0.7

88.3±0.4

69.8±0.7

BMI: body mass index; bpm: beats per minute. Variables are presented as mean ± stan-
dard error
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tain populations (26) so the real role of these findings 
in cardiovascular function, and whether a diet sup-
plemented with iodine could be beneficial, should be 
evaluated in future studies.

With regard to the nutritional status, 67.6% of the 
population had an increased BMI (with 7.9% reach-
ing morbid obesity) and 56.7% had increased waist 
circumference. These findings are similar to those 
observed in previous editions of the SONQO-CAL-
CHAQUÍ Program in other indigenous populations in 
northwestern Argentina (1-3) and to those reported 
in other American indigenous communities. (27,28) 
Obesity, currently considered a pandemic, (29) is also 
affecting indigenous populations. (1-3, 27-31) 

On the other hand, the Coranzulí population has 
a low prevalence of cardiovascular risk factors, and 
cholesterol and blood glucose levels within the normal 
range. These cardioprotective characteristics could 
explain the low prevalence of atheromatous plaques 
in the arteries studied, a phenotype shared with the 
indigenous populations of the Calchaquí valleys. (2,3) 
This cardioprotective phenotype is more evident 
in younger residents (who have a lower prevalence 
of cardiovascular risk factors and atherosclerotic 
plaques). Although the genetic and/or epigenetic fac-
tors involved remain to be elucidated, the nutritional 
regime could play a role in this regard, as the diet pre-
serves indigenous elements (e.g., mate, llama meat, 
and "anchi"). Added to this is the physical activity that 
residents perform in daily tasks, which is reflected in 
their physical capacity. Further studies with similar 
populations may shed more light on this aspect. An-
other factor to study, which could have some implica-
tions, is the low daily use of cell phones. Excessive use 
has been shown to increase cardiovascular risk. (32)

The beneficial and harmful effects of westerni-
zation on the cardiovascular health of indigenous 

peoples are still being debated. Although associated 
with higher obesity rates, it also promotes access to 
resources and technology linked to longer life expec-
tancy. (33) In Coranzulí, this ambivalence is exempli-
fied by two facts: on the one hand, a high prevalence 
of overweight/obesity (already described in other in-
digenous communities) accompanied by high alcohol 
consumption, but on the other hand, a high rate of 
medical coverage and a low illiteracy rate. 

CONCLUSIONS
The Coranzulí community presents itself as an indige-
nous population adapted to high- mountain life, which 
maintains indigenous elements with cardioprotective 
characteristics, notably nutritional habits and sleep 
quality. However, it is undergoing a westernization 
process. The task remains to evaluate the true role of 
these changes (including the massive influx of the In-
ternet worldwide) on the general and cardiovascular 
health of this population, for which it is necessary to 
continue multisectoral studies, such as the SONQO- 
CALCHAQUÍ Program. 
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Table 3. Quantifiable echocardiographic findings. 
Measurements in the parasternal long axis. (n=241)

LVEDD (mm)

LVESD (mm)

LVEF (%)

IVS thickness (mm)

PWT (mm)

LVOTd (mm)

Ao root(mm) 

LAAPD (mm)

41.7±0.5

25.8±0.3

63.6±0.5

9.5±0.2

9.5±0.4

18.5±0.2

22.0±0.3

16.7±0.3

Ao root: aortic root diameter; IVS: interventricular septum; LAAP:Left 
atrial anteroposterior diameter; LVEDD: left ventricular end-diastolic 
diameter; LVEF: left ventricular ejection fraction; LVESD: left ventricular 
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ABSTRACT

Background: Sarcomere protein mutations are commonly found in patients with hypertrophic cardiomyopathy (HCM). Identifying 
the genetic basis allows for cascade screening and provides prognostic information, although the yield of genetic testing (GT) is vari-
able. It is recommended that patients be selected based on the likelihood of a high yield of GT, given its significant cost and limited 
accessibility.
Objective: The aim of this study was to describe the clinical characteristics and the results of diagnostic tests in a cohort of patients 
with HCM followed-up at a non-specialized center, and to analyze which variables are significantly associated with a positive GT.
Methods: We conducted a retrospective cohort study of patients diagnosed with HCM. The clinical data and the results of the elec-
trocardiogram (ECG), ECG Holter monitoring, multi-modality imaging and GT were analyzed. Phenocopies were excluded.
Results: A total of 72 patients were included. Forty-one patients underwent GT, which was positive (G+) in 13 (31.7%). G+ patients 
were younger (mean age 38.4 vs. 50.8 years) and had higher prevalence of negative T waves in the ECG (92.3% vs. 42.9%) and of non-
sustained ventricular tachycardia (NSVT) on ECG Holter monitoring (61.5% vs 10.5%). Reverse septal curvature pattern was more 
common in G+ patients (84.6% vs. 17.9%) and median wall thickness was greater (21 vs. 17 mm). All G+ patients exhibited fibrosis 
on cardiac magnetic resonance, vs. 69.6% in the rest of the patients. All these differences were statistically significant. Reverse septal 
curvature was the only independent predictor of a positive GT.
Conclusion: One-third of patients with HCM who underwent genotyping present sarcomere protein mutations. The presence of 
reverse septum appears to be the variable most strongly associated with G+. Given the limited availability of GT in our setting, 
knowing the variables that predict better performance is advisable for the appropriate selection of patients.

Keywords: Cardiomyopathies-Hypertrophic cardiomyopathy-Echocardiography- Genetic testing- Sarcomere mutations- Cardiac 
magnetic resonance- Sudden cardiac death

RESUMEN

Introducción: Las mutaciones habitualmente encontradas en pacientes con miocardiopatía hipertrófica (MCH) involucran proteí-
nas del sarcómero. Identificar la base genética permite realizar estudios en cascada y aportar información pronóstica, aunque el 
rendimiento del estudio genético (EG) es variable. Por su alto costo y difícil acceso, seleccionar pacientes en los que el rendimiento 
del EG sea mayor es recomendable.
Objetivos: Describir las características clínicas y de estudios complementarios en pacientes con MCH en un centro no especializado, 
y analizar qué variables clínicas y paraclínicas se asocian significativamente con un EG positivo.
Material y métodos: Estudio de cohorte retrospectivo de pacientes con diagnóstico de MCH. Se analizaron los datos clínicos, del 
electrocardiograma (ECG) y Holter, de estudios multiimagen y el EG. Se excluyeron fenocopias.
Resultados: Se incluyeron 72 pacientes. En 41 de ellos se realizó EG, y 13 (31,7%) fueron positivos (G+). Los pacientes con G+ eran 
más jóvenes (media de edad de 38,4 vs. 50,8 años), presentaban más frecuentemente ondas T negativas en el ECG (92,3% vs. 42,9%) 
y taquicardia ventricular no sostenida (TVNS) en el ECG Holter (61,5% vs. 10,5%), más hipertrofia tipo septum reverso (84,6% vs. 
17,9%) y mayor espesor parietal (medianas de 21 vs. 17 mm). El 100% de los G+ presentaron fibrosis en la resonancia cardíaca, vs. 
69,6% en el resto. Todas las diferencias citadas fueron estadísticamente significativas. Solo el septum reverso se asoció de manera 
independiente con un estudio positivo.
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INTRODUCTION
Hypertrophic cardiomyopathy (HCM) is the most 
common genetic heart disease, with a prevalence of 
up to 1 in 500 people. (1) It is a complex and variable 
disease in terms of pathophysiology, clinical presenta-
tion, prognosis and survival, and is the leading cause 
of sudden cardiac death in young people and athletes. 
However, most patients are asymptomatic, which 
complicates the diagnostic process. Genetic HCM 
usually corresponds to a single gene disorder with an 
autosomal dominant pattern of inheritance. (2) Most 
variants or mutations detected are in genes encoding 
sarcomere proteins. (3) The percentage of positive ge-
netic testing (GT) varies according to phenotype, but 
it can reach 70-80% in selected groups. (4) The iden-
tification of the genetic basis of HCM is not only a 
reason to perform cascade genetic screening in family 
members, but also provides valuable prognostic in-
formation. (5,6) Nevertheless, this tool is not yet rou-
tinely used due to its high cost and limited availability.  
Defining the group of patients in whom a positive GT 
is most likely to occur may be useful in addressing this 
issue.

OBJECTIVES
The aim of this study was to describe the clinical char-
acteristics and the results of diagnostic tests in a co-
hort of patients with HCM who were being followed-
up at a non-specialized center, and to analyze which 
variables are significantly associated with positive GT.

METHODS
A retrospective cohort study was conducted on patients 
evaluated at a non-specialized center from January 2022 to 
January 2025, with a diagnosis of HCM made by transtho-
racic color Doppler echocardiography (TTE) and defined 
by a left ventricular (LV) wall thickness ≥15 mm in at least 
one myocardial segment. The cohort also included relatives 
of patients with a diagnosis of HCM based on the presence 
of LV wall thickness ≥13 mm. In all cases, increased wall 
thickness could not be explained by the presence of hyper-
tension, other heart disease, systemic disease, or congenital 
heart disease. (1) The clinical data, family history and the re-
sults of electrocardiogram (ECG), TTE, exercise stress test, 
ECG Holter monitoring, cardiac magnetic resonance (CMR) 
with gadolinium-based contrast agent and the results of GT 
(when available) were analyzed. Patients exhibiting pheno-
copies, including amyloidosis and Fabry disease, along with 
those with other causes of heart disease such as severe val-
vular heart disease were excluded from the study. 

Genetic testing
GT was performed using next-generation sequencing (NGS) 
based on a panel of hypertrophic cardiomyopathies which 

should include, at least, a basic panel. This panel contains 
the core genes, i.e., those with sufficient clinical and func-
tional evidence to be considered associated with the disease, 
as well as genes related to the main phenotypes of this con-
dition. (1,7) The panels used encompassed the analysis of 
at least 10 sarcomeric genes (MYH7, MYBPC3, TNNT2, 
TPM1, MYL2, MYL3, TNNI3, TNNC1, TPM1, ACTC1, 
and CSRP3), four genes from other myocyte cell structures 
(PTPN11, PLN, JPH2, DES), and four genes associated with 
storage diseases (GLA, LAMP2, PRKAG2, TTR) to rule out 
phenocopies. Deoxyribonucleic acid (DNA) was extracted 
from whole blood spotted on filter paper or from saliva using 
an automated method. Single nucleotide variants (SNVs) 
and small insertions and deletions (indels) were identified 
with a minimum coverage of 20 fragments ≥ 98%. The vari-
ants were classified following the guidelines of the American 
College of Medical Genetics and Genomics 2015 (ACMG) 
(8) and were characterized as pathogenic, likely pathogenic 
(90% certainty of a variant being disease-causing), variants 
of uncertain significance (VUS), likely benign (90% certainty 
of a variant being benign), or benign. 

Statistical analysis
Categorical variables are presented as frequencies and per-
centages and were compared using the chi-square test or 
Fisher's test, as appropriate. Continuous variables with nor-
mal distribution are expressed as mean ± standard devia-
tion (SD) and those with non-normal distribution as median 
and interquartile range (IQR). Normality of distribution was 
assessed using graphical methods (histogram or plots) or the 
Shapiro Wilk test. Quantitative variables were compared 
using the Student's t test or the Wilcoxon rank sum test, 
as appropriate. The association of the evaluated variables 
with positive genetic test results was investigated through 
the analysis of a contingency table. All those variables with a 
p-value < 0.10 as well as those considered clinically relevant 
were included in a multivariate logistic regression model to 
define the variables independently associated with a posi-
tive GT result. A p-value < 0.05 was considered statistically 
significant.

Ethical considerations 
The study protocol was reviewed and approved by the in-
stitutional review board. The investigation was conducted 
following the recommendations of the Declaration of Hel-
sinki. (9) All the patients gave their informed consent before 
participating in the study.

RESULTS 
A total of 72 patients were included; mean age was 54 
± 16 years and 55 (76.4%) were men. Twenty-seven 
patients (37.5%) had a family history of HCM or sud-
den cardiac death. Twenty-nine patients (40.3%) had 
hypertension, which was mild in all cases and was be-
ing treated with a single drug. The presence of any 
symptoms was reported by 43 patients (59.7%), the 

Conclusión: Un tercio de los pacientes con MCH evaluados genotípicamente presentan mutaciones sarcoméricas. La presencia de 
septum reverso parece ser la variable más fuertemente asociada a G+. Ante la escasa disponibilidad del EG en nuestro medio, 
conocer las variables que predicen mayor rendimiento resulta aconsejable para una selección adecuada de los pacientes.

Palabras clave: Cardiomiopatía - Miocardiopatía hipertrófica - Ecocardiografía - Estudio genético - Mutaciones sarcoméricas - Reso-
nancia magnética cardíaca - Muerte súbita cardíaca
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most common being dyspnea. Electrocardiographic 
changes occurred in 83.3% of patients (n=60), 41.7% 
presented criteria for left ventricular hypertrophy 
(LVH), and 61.1% had negative T waves. Twenty-
eight patients (39.4%) had left ventricular outflow 
tract obstruction (LVOTO), and septal reduction 
therapy had been indicated in 4 (5.5%). A total of 9 
patients (12.5%) had an implantable cardioverter-
defibrillator (ICD) for the primary or secondary pre-
vention of sudden cardiac death. The most common 
patterns of LVH on echocardiography were reverse 
septal curvature in 33 (45.8%), sigmoid septum in 29 
(40.3%), and apical hypertrophy in 8 (11.1%). Mean 
maximal wall thickness measured by echocardiogra-
phy was 18.5± 3.9 mm. Sixty-one patients underwent 
CMR, which revealed late gadolinium enhancement 
(LGE) in 49 cases (81.7%), predominantly mild (less 
than< 5% of myocardial mass). Only 16 patients ex-
hibited extensive LGE (> 15% myocardial mass). The 
average sudden cardiac death risk score (HCM Risk-
SCD score) recommended by the European Society 
of Cardiology(ESC) (10) was 2.7±1.9 (risk <4% at 5 
years). The remaining parameters are described in 
Table 1.

Although GT was routinely indicated in all pa-
tients to avoid selection bias, it was eventually per-
formed in 41 of the 72 patients (57%) due to issues 
related to lack of coverage, costs, or patient refusal. 
When these 41 patients were compared with the re-
maining 31, no significant differences were found in 
the most relevant clinical variables, nor in the find-
ings on echocardiogram or CMR. 

In 13 (31.7%) of the genetic panels performed, a 
positive result was obtained for a sarcomere protein 
mutation (G+ group): 5 in MYBPC3, 5 in MYH7, 2 
in TNNT2, and 1 in FLNC. The remaining 28 cases 
(68.3%) were negative results or VUS in genes not 
phenotypically associated with HCM (G- group). 
G+ patients were younger at the time of diagno-
sis (mean age 38.4± 15.3 vs. 50.8± 11.7 years, p = 
0.007). Gender and cardiovascular risk factors were 
similar in both groups. There were no differences in 
the presence of symptoms (dyspnea, angina, palpita-
tions, or syncope).  Regarding the ECG, negative T 
waves were more prevalent in G+ patients (92.3% 
vs. 42.9%, p = 0.003). These patients also exhibited a 
higher incidence of non-sustained ventricular tachy-
cardia (NSVT) on ECG Holter monitoring (61.5% vs. 
10.5%, p = 0.002). On imaging tests, the reverse sep-
tal curvature phenotype of LVH was more common 
in G+ patients (84.6% vs. 17.9%) while the sigmoid 
septum phenotype was more frequently observed in 
G- patients (67.9% vs. 7.7%). In both cases these dif-
ferences were statistically significant. Median maxi-
mum wall thickness measured by transthoracic echo-
cardiography was greater in G+ patients compared to 
G- patients (21 mm, IQR 17.7-22.5 vs. 17 mm, IQR 
16-18.8, respectively; p = 0.016). Left atrial diameter 
was smaller in G+ patients (38.6 ± 5.8 mm vs. 44.5 

± 4.5 mm; p = 0.001). The information of CMR with 
gadolinium-based contrast agent was obtained in 37 of 
the 41 patients. LGE was observed in all G+ patients 
compared to 69.6% of the 28 G- patients (p = 0.027). 

With regard to the risk of sudden cardiac death, 
median ESC HCM Risk-SCD score was higher in G+ 
patients (2.3, IQR 1.8-4.5 vs. 1.8, IQR 1.4-2.7; p = 
0.038).  Of the 13 G+ patients, 6 had an ICD implant-
ed or received an ICD during follow-up, compared to 1 
patient of the 28 G- patients (p = 0.0001). The results 
of the comparison between G+ and G- patients are 
shown in Table 2. Multivariate analysis revealed that 
the presence of reverse septal curvature was the only 
independent predictor of positive GT (OR 21.5, 95% 
CI 2.72-171.28, p = 0.004). 

Table 1. Baseline characteristics of the population (n=72)

Age, years 

Male gender               	

Family history of HCM                 

High blood pressure                 	

Atrial fibrillation                      	

Implantable cardioverter-defibrillator                 

Symptoms                     	

ECG

Signs of LVH         	

Negative T waves 	

TTE

Maximum septal thickness, mm 

Reverse septal curvature 

Sigmoid septum 

Apical LVH

Dynamic LV obstruction        	

≥ mild mitral regurgitation 

Mitral valve systolic anterior motion	

LVEF, %            	

Left atrial diameter, mm	

≥ Mild diastolic dysfunction 

CMR

Maximum thickness, mm 

Mitral valve abnormality 

Apical displacement of papillary muscles 

LGE                     

HCM Risk-SCD score	

46.4 ±16.3

55 (76.4)

27 (37.5)

29 (40.3)

19 (26.4)

9 (12.5)

43 (59.7)

30 (41.7)

44 (61.1)

18.57 ±3.9

33 (45.8)

29 (40.3)

8 (11.1)

28 (39.4)

45 (61.4)

29 (41.4)

60 ± 11

42.5± 6.6

62 (85.7)

19.1 ± 5.3

27 (45)

19 (33.3)

49 (81.7)

2.7 ± 1.9

CMR: cardiac magnetic resonance imaging; ECG: electrocardiogram; 
HCM: hypertrophic cardiomyopathy; LVEF: left ventricular ejection frac-
tion; LVH: left ventricular hypertrophy; mm: millimeters; LGE: late gado-
linium enhancement; TTE: transthoracic echocardiography
Qualitative variables are presented as frequency and percentage, and 
quantitative variables as mean ± standard deviation.
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The most relevant findings of the analysis are 
summarized in Figure 1.

DISCUSSION
Genotype-phenotype correlation
HCM is a disorder with variable phenotypic expres-
sion, and the genotype-phenotype correlation is a 
significant area of ongoing research. In our study, we 
found that 31.7% of the population undergoing geno-
typing had a pathogenic (or like pathogenic) variant in 
sarcomere proteins. The two most common variants 
were found in the genes that encode the cardiac myo-
sin binding protein C (MYBPC3) and the beta-myosin 
heavy chain (MYH7), as described in the literature. 
(1)

The reverse septal curvature pattern had the 
strongest association with positive GT. Since the ini-

tial descriptions of genotype-phenotype correlation, 
such as those by the Mayo Clinic group, this pattern 
has been demonstrated to be the strongest predictor of 
positive GT (79% in G+ patients vs. to 8% in patients 
with a sigmoid septum). (11) Our results were similar: 
68.8% of patients with reverse septal curvature were 
G+ vs. only 5% of patients with sigmoid septum. In 
Bayesian analysis, the presence of reverse septal cur-
vature increased the probability of positive GT from 
a pre-test value of 31.7% to 71%, corresponding to a 
positive likelihood ratio of 5.17. This finding serves to 
reinforce the notion that the potential yield of GT in 
selected patients can be remarkably high.

In the general cohort, the percentage of positive 
GT was similar to the 38% reported by the Mayo Clin-
ic in an unselected population. The Mayo Clinic score 
is a prognostic tool used to predict the diagnostic yield 

Variable G+
(n = 13)

G-
(n = 28)

p

Age, years 45.3 ±16.4 57.1 ±11.7 0.012

Age at diagnosis, years 38.4 ±15.3 50.8 ±11.7 0.007

Male 12 (92.3) 21 (75) 0.056

Family history of HCM/SCD 8 (61.5) 6 (21.4) 0.012

Hypertension 6 (46.2) 21 (75) 0.072

Symptoms 8 (61.5) 20 (71.4) 0.527

Implantable cardioverter defibrillator 6 (46.2) 1 (3.6) 0.001

ECG/Holter

Negative T waves 12 (92.3) 12 (42.9) 0.003

Signs of LVH 7 (53.8) 9 (32.1) 0.185

NSVT 8 (61.5) 2 (10.5) 0.002

TTE

Reverse septal curvature 11 (84.6) 5 (17.9) 0.001

Sigmoid septum 1 (7.7) 19 (67.9) 0.001

Maximum septal thickness, mm 21 (17.7-22.5) 17 (16-18.8) 0.016

LVEF, % 60 (56-66) 63 (51-65) 0.958

LA diameter, mm 38.6 ± 5.84 44.5 ± 4.52 0.001

Dynamic obstruction 3 (23.1) 11 (39.3) 0.308

≥ mild mitral regurgitation 7 (53.8) 16 (57.1) 0.467

Systolic anterior motion, mitral valve                 5 (38.5) 9 (32.1) 0.750

≥ mild diastolic dysfunction 12 (92.3) 23 (82.1) 0.504

CMR

LGE 13 (100) 16 (69.9) 0.027

Maximum septal thickness, mm 19.6 (17.8-22.8) 17.4 (14.7-20.1) 0.049

Apical displacement of papillary muscles 5 (41.7) 5 (23.8) 0.283

HCM Risk-SCD score 2.3 (1.8-4.5) 1.8 (1.4-2.7) 0.038

Table 2. Clinical findings and complementary tests according to the presence of positive (G+) or negative (G-) genetic testing 

CMR: cardiac magnetic resonance imaging; ECG: electrocardiogram; HCM: hypertrophic cardiomyopathy; LA: left atrial; LVEF: left ventricular ejec-
tion fraction; LVH: left ventricular hypertrophy; LGE: late gadolinium enhancement; mm: millimeters; NSVT: non-sustained ventricular tachycardia; 
SCD: sudden cardiac death; TTE: transthoracic echocardiography
Qualitative variables are presented as frequency and percentage, and quantitative variables as mean ± standard deviation or median and inter-
quartile range.
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Fig. 1. Variables associated with positive versus negative genetic testing

of GT. It incorporates various clinical and echocar-
diographic parameters, including age at diagnosis < 
45 years, maximum septal thickness ≥ 20 mm, family 
history of HCM or sudden cardiac death, and reverse 
septal curvature on echocardiogram (one point for 
each factor). The concomitant presence of hyperten-
sion is a negative predictor, with a score of -1 point. 
(12) This score has undergone multiple subsequent 
validations, exhibiting adequate specificity but vari-
able sensitivity. (13,14) A recent study conducted in 
Argentina demonstrated a diagnostic yield of 80% in 
patients with a Mayo Clinic score ≥ 3. (15) As with 
the score, our study found that G+ patients not only 
had a higher prevalence of the reverse septal curva-
ture phenotype; they were also younger at the time 
of diagnosis, had a higher burden of family history, 
and had greater maximum wall thickness compared 
to G- patients. However, these variables did not reach 
significance in the multivariate analysis, possibly due 
to the small number of patients. 

Prognostic implications
G+ patients already had an ICD implanted or it was 
implanted during outpatient follow-up in 46.2% of 
cases, compared to only 3.6% of G- patients. The prev-
alence of NSVT on ECG Holter monitoring was higher 
in G+ patients, who also presented higher HCM Risk-
SCD score, as reported in the literature. (16) Various 

studies have shown that positive GT represents an in-
creased risk of death, ventricular dysfunction, heart 
failure, and need for transplantation. (17,18) There 
is even evidence of higher-risk variants such as mu-
tations in MYH7, mainly in highly conserved regions 
such as the converter region. (19) However, after ad-
justment for other factors, the association between 
sarcomeric variants and sudden cardiac death loses 
significance. (20) Therefore, the guidelines do not yet 
consider the genotype an indication for ICD place-
ment. (1,21)

Finally, the presence of fibrosis on CMR in our 
study was more prevalent in the G+ group. Howev-
er, despite fibrosis is clearly associated with a worse 
prognosis, some degree of LGE is a common finding 
in HCM, (22) so this finding cannot be considered to 
identify patients at higher risk.

Clinical perspectives and real-world applicability
According to the 2023 and 2024 guidelines for the 
management of cardiomyopathies, GT in patients 
with HCM is a class I recommendation with a level 
of evidence B to confirm the diagnosis, assess prog-
nosis, stratify treatment, and provide reproductive 
counseling. (1,21) Nevertheless, in Argentina access 
to GT is limited, (23) and patients often have to cover 
the cost of the test themselves. In this context, phe-
notypic predictors that increase pretest probability 

CMR: cardiac magnetic resonance ; ECG: electrocardiogram; HCM: hypertrophic cardiomyopathy; ICD: implantable cardioverter defibrillator; NSVT: 
non-sustained ventricular tachycardia; TTE: transthoracic echocardiography; 

TTE: Reverse septal 
curvature

Positive genetic 
testing (G+)

31.7%

Negative genetic 
testing (G-)

68.3%

Holter:  NSVT 
ECG: Negative T waves

NSVT (Holter) and 
ICD very rare

TTE: Sigmoid septum

CMR: fibrosis 69%CMR: fibrosis 100%

Age: younger Age: older

n=41
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of a positive GT result may provide justification for 
funders or insurers, with a direct impact on improv-
ing access. 

Our study validates that some phenotypic patterns 
(such as reverse septal curvature) can significantly 
increase the yield of GT. Moreover, the present study 
was conducted in a center that does not specialize in 
familial heart diseases. This fact underscores the clin-
ical applicability of the study in real-world settings, 
where the majority of patients are typically seen in 
general centers.

STUDY LIMITATIONS
The most relevant limitation of our study is that, 
although GT was indicated in all patients to avoid 
selection bias and that it represents a general co-
hort, the results could only be obtained in just 55% 
of cases, primarily due to the high cost of the test and 
the lack of coverage by the health system. A recently 
published multicenter registry from Argentina that 
included data from eight provinces reported an even 
lower percentage of GT performed (23), which high-
lights the real difficulty access nationwide. In most 
cases, the NGS panel performed was basic and includ-
ed only core genes and main phenocopies.  Although 
this practice is supported by the literature, the yield 
of GT could have been improved if an expanded gene 
panel had been analyzed. (1) Both limitations reflect 
the high cost of this tool and its difficult access. It 
is clear that the introduction of precision medicine 
and a genetics-based approach confer benefits for pa-
tients, but it is also true that we constantly face limi-
tations due to the socioeconomic situation and re-
strictions imposed by the different health coverages.  
Finally, it should be noted that, although multivari-
ate analysis showed a statistically significant asso-
ciation between reverse septal curvature pattern and 
positive GT, the extremely wide confidence interval 
reflects a high level of uncertainty in the estimation, 
clearly related to the sample size. For this reason, 
we decided not to report this finding as a conclusive 
associated factor, and its result should be interpreted 
with caution. 

CONCLUSIONS
In a cohort of patients diagnosed with HCM, one-third 
of those who underwent GT exhibited sarcomere pro-
tein mutations. The presence of a reverse septal cur-
vature seems to be the variable most strongly associ-
ated with a positive GT. Given the limitations in our 
setting for accessing the test in patients with cardio-
myopathies, knowing the variables that could be asso-
ciated with a greater diagnostic yield may help refine 
the selection of patients who are candidates for this 
tool. 
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INTRODUCTION
In recent decades, the number of patients with aor-
tic valve disease requiring aortic valve replacement 
(AVR) has increased due to longer life expectancy, 
with a higher incidence in older age groups. Most pa-
tients with severe aortic stenosis (SAS) are elderly pa-
tients with several comorbidities and, therefore, high 

surgical risk. (1,2) This risk is also related to the chal-
lenges older patients face in adapting to cardiovascu-
lar disease and recovering from surgery, which can be 
affected by a reduction in their physiological adaptive 
capacity. This reduction can be understood as a de-
crease in the entropy of the cardiovascular system. 
The development of new technologies and therapies 
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ABSTRACT

In recent decades, the number of patients with aortic valve disease requiring aortic valve replacement (AVR) has increased due to 
longer life expectancy. Many of these patients, especially those who are elderly and have comorbidities, face high preoperative risk. 
The complexity of cardiovascular disease and the adaptation of these patients to the intervention require a comprehensive and 
holistic approach, considering biological, genetic, and psychosocial factors. This article addresses the importance of understanding 
AVR as part of a complex system, emphasizing the interaction between multiple elements of the cardiovascular system such as the 
myocardium, conduction system, and coronary circulation, which affect surgical outcomes. It also highlights how the selection of 
heart valve prosthesis and other unpredictable factors can influence postoperative mortality, which should not be viewed as a simple 
cause-and-effect phenomenon. The use of advanced technologies, such as artificial intelligence, can improve outcomes in the preop-
erative, intraoperative, and postoperative phases of treatment. In conclusion, to improve outcomes in patients undergoing surgical 
RVA, it is essential to adopt a systemic approach, within the framework of complexity theory, that integrates innovative technologies 
and considers the individual characteristics of each patient. This could contribute to reduce in-hospital mortality.

Key words: Heart valve surgery -Valve dysfunction - Complexity analysis

RESUMEN

En las últimas décadas, el aumento de la esperanza de vida ha incrementado el número de pacientes con enfermedad valvular aórtica 
que requieren un reemplazo valvular aórtico (RVA). Muchos de estos pacientes, especialmente los de edad avanzada y con comorbi-
lidades, enfrentan un alto riesgo preoperatorio. La complejidad de la patología cardiovascular y la adaptación de estos pacientes a la 
intervención requieren un enfoque integral y holístico, considerando factores biológicos, genéticos y psicosociales. En este artículo, 
se aborda la importancia de comprender el RVA como parte de un sistema complejo. Destaca la interacción entre múltiples elemen-
tos del sistema cardiovascular, como el miocardio, el sistema de conducción y la circulación coronaria, que afectan los resultados 
quirúrgicos. Se destaca, además, cómo la elección de la prótesis y otros factores no predecibles pueden influir en la mortalidad posto-
peratoria, que no debe ser vista como un fenómeno simple de causa-efecto. El uso de tecnologías avanzadas, como la inteligencia 
artificial, puede mejorar los resultados en cada fase del tratamiento: preoperatoria, intraoperatoria y postoperatoria. En conclusión, 
para mejorar los resultados en pacientes sometidos a RVA quirúrgico, es esencial adoptar un enfoque sistémico, desde el marco de 
la teoría de la complejidad, que integre tecnologías innovadoras y considere las características individuales de cada paciente. Esto 
podría contribuir a una menor mortalidad intrahospitalaria.

Palabras clave: Cirugía cardíaca valvular - Disfunción valvular - Análisis de la complejidad
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has tried to solve this situation by reducing surgical 
risk.  Patients with aortic valve disease, considered in 
their biological and social dimensions, are made up of 
multiple agents that interact and adapt to constant 
hemodynamic changes in the cardiovascular system. 
This interaction occurs at cellular, tissue, genetic, and 
environmental levels. (3)

IMPORTANCE OF AORTIC VALVE REPLACEMENT WITH A 
COMPLEX SYSTEM APPROACH
Our center has recently published the results obtained 
in intermediate-risk patients in terms of in-hospital 
mortality associated with the use of traditional valve 
prostheses versus novel rapid-deployment valves 
(RDV). These results indicate a trend toward lower 
mortality with RDV (5.7% vs. 0%, p = 0.057).  (4) 
However, when taking into account patient's specific 
cardiovascular disease, the procedure performed, the 
type of heart valve prosthesis utilized, and the surgeon 
responsible for the procedure, as well as the interre-
lated and unpredictable factors that collectively form 
a complex entity, it becomes challenging to assert that 
mortality can be attributed exclusively to the use of a 
specific type of heart valve prosthesis. It is imperative 
for cardiovascular surgeons to conduct a thorough 
analysis of all these elements to comprehensively as-
sess postoperative mortality and to avoid an evalua-
tion of solely the type of prosthesis. This holistic view 
is crucial to contributing to the success or failure of 
the surgical outcome in intermediate-risk patients.

Characteristics of the complex system
Understanding the characteristics of a complex system 
in patients undergoing AVR with heart valve prosthe-
ses may offer a renewed approach to their manage-
ment and potentially improve surgical outcomes. (5)
1.	 Large number of elements: The myocardium con-

sists of billions of myocytes. These structures ex-
hibit a high degree of similarity and act and re-
spond together, maintaining synchrony during 
physiological situations. (6) In addition, the coro-
nary circulation displays a fractal geometry from 
the left main coronary artery to the tiny septal ar-
teries.

2.	 Dynamism: Patients with aortic valve stenosis 
experience remarkable dynamism, with hemody-
namic and structural ventricular changes. The 
progression of valvular heart disease, which often 
includes pure aortic stenosis and, in some cases, 
aortic stenosis and regurgitation, directly affects 
the left ventricle, which develops hypertrophy as 
an adaptive mechanism. However, this mechanism 
may not be sufficient, leading to heart failure and 
progression of symptoms, culminating in the need 
for AVR and subsequent improvement in ventricu-
lar function and reverse ventricular remodeling.

3.	 Penetrance: The elements of the system interact si-
multaneously and across different dimensions. For 
instance, the use of heart valve prostheses with a 

smaller effective orifice area can result in prosthe-
sis-patient mismatch in many patients. This can 
lead to increased transvalvular gradients without 
a simultaneous reduction in ventricular afterload. 
(7)

4.	 Non-linearity: The response to a surgical proce-
dure is not always predictable using traditional 
methods. Proper placement of the suture in the 
aortic annulus is crucial when implanting heart 
valve prostheses. Similarly, preserving the con-
duction system in the interventricular septum 
is essential. If the suture is placed too deeply, it 
can block the atrioventricular conduction system. 
This may require the placement of a dual-chamber 
pacemaker, resulting in a reduced life expectancy 
compared to patients who maintain sinus rhythm. 
As illustrated by the concept of the "butterfly ef-
fect," this single stitch can have significant con-
sequences; a minimal initial change or action can 
trigger a substantial outcome in the future. (8)

5.	 Recursive interactions: Hemodynamic function 
improves after replacing the affected and stenosed 
valve.

6.	 Open: The patient undergoing surgery requires 
continuous monitoring by cardiologists and sur-
geons during the postoperative recovery period. 
The surgical outcomes are influenced by fluid bal-
ance as managed by the attending physician, the 
use of vasopressors, the necessity for temporary 
pacemaker implantation and the expertise of the 
nursing staff.

7.	 Imbalance: A patient who has undergone AVR is 
not in a state of equilibrium. For example, in a 
patient with low preload, volume expansion will 
be necessary, while fluid overload will require the 
use of diuretics. This ensures a constant supply 
of energy to maintain optimal hemodynamic re-
sponses to changes. Thus, the patient is in a per-
manent "transition," similar to what occurs in the 
cardiovascular system and in other contexts, as 
described, for example, in the case of patients with 
hypertension. (9)

8.	 History: Complex systems have a history, and in 
this case, the patient improves over time. Initially, 
the patient presented symptoms due to a stenotic 
valve, but following the intervention, there was a 
notable improvement in hemodynamic regulation.

9.	 Local information: The myocardium, conduction 
system, intrinsic pulmonary pressure, heart valve 
prosthesis, and aortic valve apparatus operate un-
der their own rules at the local level, but they also 
interact with other systems. The goal is to achieve 
a relatively "stable" state, maintaining a cardiac 
output of approximately 4.5-5 liters/minute.

POSTOPERATIVE MORTALITY AS AN EMERGING 
PHENOMENON
Postoperative mortality can be considered a complex 
phenomenon in patients undergoing surgery and 
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should not be approached with a simplistic cause-and-
effect model. Despite the attempts we made (4) to iden-
tify an intermediate-risk population using a universally 
accepted scoring system, such as STS-PROM, (10) it is 
imperative to acknowledge that each patient is unique. 
The possibility of death is determined by the interac-
tion of various factors in the patient's system. Surgeons 
have the responsibility to understand and analyze 
these interactions, including patient's history of cardio-
vascular disease, physiology, and context, without lim-
iting themselves to the idea that the selection of heart 
valve prosthesis will determine survival.

We observed that patients undergoing surgery for 
functional class I and II heart failure had better out-
comes than those with more advanced heart failure, 
as well as those with moderate to severe ventricular 
dysfunction. If we could intervene in these patients 
earlier, they would probably achieve better outcomes.  
In the clinic, clinical cardiologists may assume that 
patients do not need surgery until they experience 
dyspnea on exertion, even if they present elevated 
gradients on transthoracic echocardiography. This 
linear approach fails to consider the complexity of un-
anticipated factors that influence each patient, as well 
as variations in the perception of dyspnea. Further-
more, it is imperative to assess the patient's psychoso-
cial status, as those with preoperative depression, are 
more prone to adverse postoperative outcomes.

As surgeons, we can improve postoperative out-
comes by understanding perioperative mortality as an 
emerging phenomenon, allowing us to design a com-
prehensive strategic plan for the preoperative, intra-
operative, and postoperative phases.

Tools for addressing the complexity of patient mortality
A strategic plan for cardiovascular surgery can be ap-
proached at three key levels: preoperative, intraopera-
tive, and postoperative. Each level has specific tools 
that seek to reduce mortality and improve outcomes 
in patients undergoing surgery.

In the preoperative phase, it is imperative to uti-
lize tools that facilitate a multifactorial approach to 
decision-making. This includes a thorough analysis 
of patients' psychological status, assessment of their 
symptoms and their expectations regarding the proce-
dure, among other factors. In addition, the incorpora-
tion of data science is imperative, as it facilitates the 
determination of the optimal heart valve prosthesis 
based on the available information. The use of inter-
national and national registries, hospital databases, 
meta-analyses, randomized trials and long-term re-
sults facilitates the selection of the most appropriate 
option for each patient. Current guidelines on valvu-
lar heart disease and indications for surgery offer a 
conventional and simplistic approach and do not take 
into account genetic, epigenetic, or environmental fac-
tors that could influence the patient's response. (11) 
In this regard, the Department of Cardiovascular Sur-
gery at Hospital Italiano de Buenos Aires is launching 

a project that integrates artificial intelligence (AI) and 
machine learning techniques to analyze this data and 
offer more accurate projections when selecting heart 
valve prostheses during the phase of patient care at 
the clinic. This approach is consistent with the con-
cept of "precision medicine," which aims to enhance 
patient survival and outcomes through individualized 
treatment.

During the intraoperative phase, the use of AI-
based tools and real-time analysis constitutes a pivotal 
element for improving the outcomes. Decision-making 
processes, including the selection of procedures in con-
junction with valve replacement (e.g., coronary artery 
bypass grafting, double valve surgery, or aortic root 
replacement), or the placement of prophylactic pace-
makers, among others, should be based on an accurate 
and updated evaluation of the patient at the time of 
surgery. However, it is important to acknowledge that 
advanced technological solutions may not always be 
uniformly applicable across all centers. Variables such 
as costs and economic disparities between services 
may impede their extensive implementation.

During the postoperative phase, one of the most 
significant advances is the incorporation of AI-driven 
tools for monitoring in operating rooms and coronary 
care units. This tools, which allow for real-time feed-
back, provide continuous monitoring of vital signs, 
cardiac output, central venous pressure, pulmonary 
pressure, and vascular resistance, as well as remote 
and continuous electrocardiographic monitoring. This 
system enables immediate access to crucial data for 
surgeons and cardiologists participating in the proce-
dure, thereby enhancing their capacity to respond to 
any changes in the patient's condition. This technol-
ogy has only been implemented at a limited number 
of centers worldwide, and no definitive findings have 
been published regarding its impact on postoperative 
outcomes. Nonetheless, it is anticipated that, in the 
long term, this type of system will become the stand-
ard of quality for cardiac surgery centers.

CONCLUSIONS
Postoperative mortality in patients undergoing sur-
gery should not be understood as an isolated or sim-
plistic phenomenon. Rather, it is the result of the 
complex interaction of multiple factors, both biologi-
cal and social, that affect each patient in a unique 
way.  These factors range from the patient's specific 
cardiovascular disease to their genetic, epigenetic, and 
psychosocial profile, all of which can significantly in-
fluence surgical outcomes. The approach to cardiovas-
cular surgery must be holistic and multidisciplinary, 
considering not only the type of heart valve prosthe-
sis used but also the patient's individual context, the 
expertise of the surgical team, and the variables that 
interact throughout the process and are not directly 
predictable. The key to success lies in the integra-
tion of personalized approaches, the use of innovative 
technologies, and collaboration between the different 
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actors in the process. This will optimize patient care 
and offer them a better quality of life after the proce-
dure.
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ABSTRACT

The knowledge gained in recent years on heart functioning, not only through basic research but also through technology, has unrave-
led essential questions. A thorough analysis reveals that the answers date back some 200 years to the Industrial Revolution, when 
man developed mechanical knowledge analogous to aspects of cardiac function that date back to the emergence of mammals in the 
Triassic and were demonstrated in the last decade. In other words, human consciousness surprisingly employed the same strategy 
in its evolution of knowledge that biological development used to construct the heart 200 million years ago, which, obviously,  was 
unknown to man. 
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RESUMEN

El conocimiento del funcionamiento del corazón que se consiguió en estos últimos años, no solo con la investigación básica sino tam-
bién con la tecnología, ha desentrañado preguntas esenciales. Las respuestas provienen desde hace unos 200 años con la Revolución 
Industrial, cuando el hombre desarrolló conocimientos mecánicos que son análogos a aspectos de la función cardíaca que datan de 
la aparición de  los mamíferos en el Triásico y que fueron demostrados en esta última década. Es decir que la conciencia humana 
empleó de manera sorprendente la misma estrategia en su evolución del conocimiento que la que utilizó el desarrollo biológico para 
construir el corazón hace 200 millones de años, y que obviamente, el hombre desconocía.
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INTRODUCTION
Mammals appeared in evolution about 200 million 
years ago. Since the Triassic period, the heart has 
been structurally consolidated. Some aspects of its 
recently studied functional organization are striking 
because they were imitated by human cultural evolu-
tion after the Industrial Revolution during the 18th 
and 19th centuries. This analogy exists between an 
organ formed millions of years ago and the current 
intellect of humans, who had no prior knowledge of 
its mechanisms. 

When life and social composition reached a high 
level of complexity, the brain of Homo sapiens ap-
peared. This happened about 250 000 years ago, a 

mere blink of an eye in relation to the appearance of 
matter, which occurred about fifteen to twenty billion 
years ago, while the first signs of life appeared only 
about 3500 million years ago. The human brain, as we 
know it, is the most recent of the remarkable patterns 
of evolution. This evolution, although staggered, left 
almost all of creation behind. It was woven together 
on a track where randomness and necessity comple-
mented each other to continue a path of self-organi-
zation, with only the slogan that "order is change." It 
is currently believed that the vast majority of biologi-
cal species are extinct. As for our class Mammalia, of 
the 32 orders, 14 have become extinct, leaving only 18 
alive today.
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Let us not forget that the brain started out as 
primitive ganglia and eventually acquired a signifi-
cant neocortex, a situation that homo sapiens has 
only been able to capitalize on in the last 30 000 years, 
while the evolution of the species dates back to about 
two million years.

In other words, biological evolution and human 
culture arrive to the same solutions, in this case me-
chanical ones, by different paths and without humans 
having any prior knowledge of them, since only re-
cently has an understanding of cardiac function been 
achieved, while certain mechanisms invented by hu-
mans date back to the Industrial Revolution. We will 
discuss some of these findings. 

Bearing
The first patent for a ball bearing was granted in 1794 
to Philip Vaughan, and in 1898 Henry Timken pat-
ented the tapered roller bearing. This mechanism has 
different rotations between its inner and outer rings 
with an intermediate system, called a ball cage, which 
acts as an anti-friction device. 

Recent technological advances have revealed that 
the left ventricle has different rotations in systole be-
tween the descending and ascending segments (inner 

and outer muscle rings), which are reversed in the 
protodiastolic phase. (1-4) This rotational mechanism 
is a fundamental determinant in the ejection and suc-
tion of the heart (Figure 1). (5-8) In this analysis, we 
found a correspondence between cardiac structure-
function and the bearing mechanism.

The existence of torsion (basal and apical rotations 
in opposite directions) is expressed in echocardiogra-
phy as a rotational gradient with a positive value that 
is the sum of the basal and apical rotation angles. In 
our experience, in normal subjects it is around 19 ± 
9º, with the rotation of the tip always predominating. 
(9)

Anti-friction mechanism 
The bearing function has an anti-friction mechanism 
between its rings (ball bearing), which allows it to roll 
without generating energy loss.

In the heart, the sliding between the internal and 
external segments of the myocardium takes opposite 
directions in its movements during the systolic and 
suction phases of the heart, generating friction. From 
a physical point of view, friction between the segments 
also implies an opposition to movement. As expressed 
by Newton's first law, friction limits the temporal con-

Fig. 1. The movement of the base and apex of the heart can be seen, similar to the rolling of a ball bearing. The red arrows in-
dicate the direction taken by the descending and ascending segments of the heart during systole. During suction (protodiastolic 
phase), they are reversed. It can also be seen that both between the outer and inner rings of the bearing and in the concentric 
cardiac muscle segments (descending and ascending segments) there is an anti-friction mechanism, called ball bearing in a bear-
ing, and hyaluronic acid in the heart. The inset shows a human heart with the aforementioned segments. 

HA: hyaluronic acid; AS: ascending segment; DS: descending segment. LV: left ventricle. 
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Papillary muscle

Myocardium

Chordae

MV

fied this aspect of myocardial lubrication, which coun-
teracts surface friction by exerting an anti-friction 
mechanism. Hyaluronic acid, with its lubricating ca-
pacity, facilitates sliding between the bundles. (10)

NATURE, HEART, AND CONSCIENCE / Jorge Carlos Trainini et al.

tinuity of movement (Figure 1). 
In this regard, in all the hearts investigated, we 

found hyaluronic acid in the cleavage planes between 
the myocardial bundles. Our recent research has clari-

Fig. 2. Both in the anatomical heart and in the photo of a suspension bridge, we can see the analogy between the solutions found 
by biological evolution (nature) and human intellectual consciousness, without prior knowledge in the latter of the cardiac ar-
rangement, which has only been understood in recent years. 

Fig. 3. Attachment of the tendinous cords of the mitral valve after the valve has been replaced.

MV: mitral valve
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Fig. 4. Ejection and suction phases of the left ventricle

Suspension bridge 
We have found that the heart maintains its helical 
spatial arrangement through supports called papillary 
muscles strategically located at the beginning of the 
descending and ascending segments, the rings of the 
left ventricle (Figure 2). It can be assumed that they 
act as tensors of the left ventricular myocardium be-
ing attached by their cords to the mitral valve. They 
are the pillars that support the myocardium and also 
open and close the valve. In fact, in mitral valve re-
placement, removing the chordae tendineae can cause 
ventricular dysfunction.(11) This has led to the chor-
dae of the papillary muscles not being sacrificed but 
rather tied to the prosthetic mitral annulus in order to 
preserve the tensors of the descending and ascending 
cardiac segments (Figure 3). This concept implies that 
the papillary muscles, with their chords and attach-
ment to the mitral valve leaflets, not only act for valve 
functioning but also as a support for the myocardium, 
analogous to the recent construction of suspension 
bridges.

It is worth noting that the first important mod-
ern suspension bridge was the Menai Bridge, built in 
1826. This bridge was designed by engineer Thomas 
Telford with a span of 125 meters, which allowed sail-
ing ships to pass under it. 

Engine 
An engine is a machine that converts one type of en-
ergy into mechanical energy, usually to produce move-
ment. This is exactly what the heart has been doing 

for 200 million years. Remember that the first engines 
appeared in the 19th century (Figure 4). (12-14)

Comments 
Is there a correlation between biological evolution and 
the evolution of human consciousness, in light of the 
emergence of thought, knowledge, and learning? It 
would be reasonable to think that there is no way to 
deny this coherence. Sociocultural evolution could not 
have occurred without biological evolution. (15,16) 

This advance, like all transformations involving 
flow of matter and energy in the universe, has also fol-
lowed a journey in thought, in which the reductionist, 
mechanistic, or atomistic model has been vigorously 
debated in the face of the new model of self-organi-
zation and systems. Systemic thought has currently 
taken hold. Massive connectivity provides informa-
tion to thought, which shapes it into ideas in a self-
organizing process. Analogous to the homeostasis of 
organisms, thought is subjected to a process of self-
organization. They are feedback loops characteristic 
of living beings (nonlinear network).

Thought is a network. Between the universe and 
each consciousness there is a limitless network. There 
are only consciousnesses as nodes controlling net-
works, within networks subjected to flows of matter 
and energy. Organizing relationships can belong to or-
ganisms, to society, and to thought. There are interac-
tions between the parts, which are lost when dissected 
(properties of the whole). Biology has this organiza-
tional character.

ISP: isovolumetric systolic phase; PPMC: protodiastolic phase of myocardial contraction; P+: positive pressure; 
P-: negative pressure.
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Erwin Schrödinger (1887-1961) ascribed to a vast 
and unified consciousness, interrelated with individu-
al consciousnesses. He reflected on a unified univer-
sal consciousness. (15) It is not understood that the 
vision of consciousness on the internal and external 
world has its own specific nature. We must accept that 
space-time is a representation of our consciousness. 
However, once we have achieved this representation, 
it becomes assimilated into our consciousness with an 
absolutely objective nature. The perception that con-
sciousness establishes of a phenomenon depends on:
a) The prevailing ideas that occupy the intellectual 

space and misinterpret new ones.
b) The ability to delve deeper than the level reached 

with the new vision. This was the case with the 
work of Erwin Schrödinger, in which the phenom-
ena described were considered too microscopic to 
be observed. This vision allows for spatial ordering 
in its entirety. 
This analogy between the mechanisms of nature's 

construction of the heart, which began with mammals 
200 million years ago, and the mechanical knowledge 
that humans have acquired over the last 30 000 years 
remains a mystery. But what is most surprising is that 
knowledge of these biological cardiac mechanisms is 
recent, subsequent to the development of bearing , the 
anti-friction mechanism, the engine, and suspension 
bridges. In fact, the same creative resource was used 
by human consciousness without knowing that this 
procedure had already been used by nature in hearts 
200 million years ago, at the beginning of mammals.

The fact that human knowledge, faced with me-
chanical problems that have arisen in the last two cen-
turies, has produced results analogous to those used 
by the biological evolution of the heart in prehistoric 
times, without any knowledge of them, is surpris-
ing and raises disturbing questions: Is there a point 
where the mind can enter a higher order? Is there a 
common plan for biological evolution and human con-
sciousness? Can human consciousness be connected to 
a metaphysical plan? In this analogy between physis 
(nature) and human consciousness, is there a coinci-
dence that occurred 200 million years ago, or is it the 
consequence of an unknown connection between hu-
mans and that higher order? Or could it be that we 
belong to a single consciousness? 

Beyond these questions and their possible answers, 
perhaps we should understand that this development 
opens the much-needed path of complementarity be-
tween reason and faith, since science is a communion 
of both.

The art of medicine has always considered the heart 
to be taboo (vis pulsiva), despite being explored in its 
most intimate nooks. It has even been replaced. Despite 
the knowledge gained, its magic is unmatched and im-
perishable, an alchemy of anguish and movement. In it 
lies the fantasy of genesis and flickering infinites. 
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In March of this year, the first position paper on frail-
ty and comprehensive assessment in cardiology was 
published (1), developed during 2024 and presented 
at the 50th Argentine Congress of Cardiology. Dur-
ing a recent council meeting attended by leaders from 
across Ibero-America, the spirit of the document was 
summarized in ten key points. The objective of this 
decalogue is the dissemination of these key concepts 
and their incorporation into daily clinical practice.

1. Emphasize biological age over chronologi-
cal age and eliminate the term "special popula-
tion": While we recognize the influence of chronologi-
cal age, the ageist concept is only a biased and partial 
viewpoint in decision-making due to the significant 
heterogeneity within the population. The impact of 
multimorbidity, polypharmacy, socioeconomic condi-
tions, among other factors, and the different models 
of vascular aging mark the discordance between them. 
In turn, the term "special populations," coined years 
ago to refer to older people, is obsolete and imprecise, 
as this is usually the most significant population group 
in the epidemiology of cardiovascular diseases. (1,2)

2. Prioritize person-centered care with a 
multidisciplinary approach: We prioritize the in-
dividual over the disease in decision-making and ac-
knowledge the role of the social environment and a 
multidisciplinary team in patient care.  (1,3)

3. Conduct a comprehensive assessment 
based on five domains: We incorporate nutrition 
into the classic domains of geriatrics (clinical, func-
tional, mental, and social) due to its impact on differ-
ent cardiovascular diseases and vice versa.  A com-
prehensive assessment allows us to identify specific 
vulnerabilities and guide personalized interventions, 
prioritizing those domains that affect prognosis and 
quality of life. (1)

4. Emphasize the concept of multimorbid-
ity over comorbidity: Multimorbidity, an expanded 
concept of comorbidity, stands out as a geriatric syn-
drome in geriatric cardiology due to its high associa-
tion with adverse cardiovascular events. It refers to 
the presence of several chronic diseases, clinical and 
non-clinical conditions in the same person, transver-
sally, without dominance or interrelation of one over 
the other. (1,4)

5. Promote appropriate prescribing: In the 
field of cardiology, it is not uncommon to encounter 
patients who are taking multiple medications due to 
the high prevalence of multimorbidity. Polypharmacy, 
a global issue, refers to the use of five or more medica-
tions, irrespective of whether they are prescribed.  It 
is imperative to distinguish between appropriate and 
inappropriate polypharmacy, and in the latter case, 
to promote deprescribing. As a response to this prob-
lem, our working group is developing a document on 
Appropriate Medication in Cardiovascular Therapy 
(MATE, acronym of the name in Spanish Medicación 
Adecuada en TErapéutica Cardiovascular). (1,3,5,6)

6. Acknowledge the bidirectional relation-
ship between frailty and cardiovascular dis-
ease: Multiple reviews have evaluated and docu-
mented the relationship between frailty and adverse 
cardiovascular events.  It has been demonstrated that 
both entities share risk factors and that there is a 
negative feedback between them. Consequently, inter-
vention measures on either one have a direct impact 
on the other. (1,7)

7. Assessment of frailty in relation to deficit 
accumulation (multidomain): Our guideline sup-
ports a comprehensive assessment because, although 
frailty has an impact on functionality, it provides a 
partial view of the problem. However, we emphasize 
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Central illustration. Decalogue of the position paper and comprehensive assessment in cardiology

the role of the functional domain as one of the pil-
lars of the comprehensive assessment and evaluation 
of frailty in relation to the accumulation of deficits. 
(1,7,8)

8. Promote multidomain interventions: Once 
the comprehensive assessment has been carried out, 
the interventions should target the different domains. 
We emphasize the significance of paying close atten-
tion to clinical conditions, polypharmacy, vaccinations, 
the adaptation of nutritional plans, multicomponent 
exercise, and psychosocial interventions.  (1,4,6)

The acronym "VIDA" (Vaccination, drug Interac-
tion, Diet, physical Activity) is the starting point for 
the design of a new position paper on prevention and 
tools for a better quality of life. 

9. Dynamic perspective and potential revers-
ibility and/or futility: We emphasize the need to ad-
dress the concept of "frailty" from a dynamic perspec-
tive that considers different situations: pre-frailty, 
mild, moderate, and severe frailty. Each one offers po-
tential interventions for reversibility, since early and 
timely detection can make a difference in quality of 
life.  

It is imperative to identify and avoid futile in-
terventions, incorporate palliative care and comfort 
when appropriate, promote person-centered medicine 

through therapeutic adaptation based on patient val-
ues and preferences and their social and family en-
vironment, and implement preventive measures. All 
these principles constitute the pillars of person-cen-
tered medicine. (1,7,8)

10- Digital health and continuing education 
as key tools: New digital health technology tools 
must be applied and adapted for the assessment and 
treatment of older adults in order to provide care and 
quality of life.

Finally, none of the aforementioned changes will 
be possible unless geriatric cardiologists are included 
in the training of cardiologists and other related spe-
cialties. (1,9)
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We report the case of a 62-year-old obese patient with 
untreated dyslipidemia and a smoking history of 30 
pack-years, with no other relevant medical history. 
He presented to the Emergency Department at 7 p.m. 
with precordial pain at rest, radiating to his upper 
limbs, rated 8/10 in intensity, lasting 1 hour. Physical 
examination revealed no relevant findings. The elec-
trocardiogram (ECG) showed ST-segment elevation in 
the anterior leads and reciprocal ST-segment depres-
sion in the inferior leads. The clinical condition was 
interpreted as anterior ST-segment elevation myocar-
dial infarction (STEMI), Killip and Kimball class A. 
He received 300 mg of acetylsalicylic acid and 300 mg 
of clopidogrel. The center did not have an emergency 
catheterization laboratory, so the patient was trans-
ferred to our institution. 

He was admitted at 10 p.m. with persistent 
precordial pain and an ECG showing the previously 
described changes (Figure 1). Coronary angiography 
was performed via left radial artery access, with a 
door-to-needle time of 10 minutes (Figure 2 A). It re-
vealed occlusion of the left anterior descending (LAD) 
artery at its origin, and faint opacification of the dis-
tal bed through homocoronary and heterocoronary 
collateral circulation. The lateroventricular branch of 
the circumflex artery showed an 80% stenosis in the 
proximal third. The right coronary artery was occlud-
ed in the middle third, and its distal bed was opacified 
through homocoronary collateral circulation. 

Attempts were made to cross the ostial occlusion of 
the left anterior descending artery using guidewires of 
different stiffness, but this was unsuccessful. Throm-
boaspiration was also unsuccessful, so the procedure 
was concluded at 12:30 a.m. without complications. 

The patient was admitted to the Coronary Care 
Unit after the procedure, with precordial pain rated 

6/10. He was alert and had good peripheral perfusion, 
heart rate 95 bpm, and blood pressure 120/60 mmHg. 
Heart sounds were normal, with no murmurs; respir-
atory mechanics was preserved, with no signs of heart 
failure, and no requirement for supplemental oxygen.

Intravenous nitroglycerin infusion was initiated, 
without improvement in precordial pain. The ECG 
showed persistent ST-segment elevation. 

A bedside echocardiogram showed severe global 
hypokinesis of the left ventricle, predominantly in the 
apical segments, without evidence of low cardiac out-
put and with adequate filling pressures. 

The team discussed possible strategies for achiev-
ing effective reperfusion and, given the patient’s low 
bleeding risk, a therapy with fibrin-specific fibrinolyt-
ics was initiated. Recombinant tissue plasminogen ac-
tivator (rTPA) was administered at a weight-adjusted 
dose according to the local protocol: 15 mg over 2 min-
utes, followed by 50 mg over 30 minutes, and then 35 
mg over 60 minutes (total infused dose: 100 mg). 

Serial ECGs showed improvement in ST-segment 
elevation after 30 minutes. 

Monitoring from 35 minutes onwards showed fre-
quent ventricular ectopic beats, accelerated idioven-
tricular rhythm (AIVR), and non-sustained monomor-
phic ventricular tachycardia. 

After completion of the rTPA infusion, precordial 
pain decreased, now rated 2/10, and intravenous ni-
troglycerin was continued. 

At that time, reperfusion criteria were met: de-
creased ST-segment elevation in V2, (the lead with 
the greatest elevation), ventricular arrhythmia, and 
pain relief. 

On day 1 of hospitalization, the echocardiogram re-
vealed moderate deterioration of left ventricular func-
tion, with a left ventricular ejection fraction (LVEF) 
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estimated at 40% by the Simpson method, akinesia of 
the mid-septal, mid-anterior, and all apical segments, 
mild diastolic dysfunction, and a dilated inferior vena 
cava with minimal collapse. 

Twenty-four hours after admission, a new coro-
nary angiography showed an ulcerated lesion in the 
left main coronary artery and a patent left anterior 
descending artery, with an extensive severe lesion 
from its origin to the middle third, showing TIMI II 
flow (Figure 2 B). The rest of the arteries showed no 
changes compared to the previous catheterization. 
During this procedure, PCI was performed on the 
left anterior descending artery with placement of two 
drug-eluting stents, on the left main coronary artery 
with one drug-eluting stent, and on the circumflex ar-
tery with two drug-eluting stents. 

The procedure was performed via radial access 
without complications (Figure 2 C and D).

He was readmitted to the Coronary Care Unit, 
where he developed acute heart failure (Stevenson 
class B) on day 3 of hospitalization, with a good re-
sponse to subsequent medical therapy. 

After a favorable course without further complica-
tions, he was discharged on optimized therapy for cor-
onary artery disease and heart failure. Figure 3 shows 
the discharge ECG.

DISCUSSION
The treatment of choice for STEMI is invasive, con-
sisting of urgent primary percutaneous coronary in-
tervention (PCI) performed as early as possible. Pri-
mary PCI is the recommended reperfusion strategy 
within the first 120 minutes after the ECG and is su-

perior to fibrinolysis in reducing mortality, non-fatal 
reinfarction, and stroke. (1)

Fibrinolysis with fibrin-specific drugs is indicated 
within the first 12 hours of symptom onset, as the 
start of the pharmacoinvasive strategy, and should 
be used when PCI is not feasible within the first 120 
minutes. (1)

In rare cases, primary PCI may fail. This outcome 
is associated with higher Killip and Kimball class 
on admission, multivessel disease, clinical history of 
acute myocardial infarction (AMI), longer duration of 
infarction, and TIMI 0-1 flow on admission. (2)

Exceptionally, the culprit vessel cannot be identi-
fied. This occurs in the case of ostial lesions, or when 
the occlusion does not clearly show the stump. (3) 

We should consider urgent coronary artery bypass 
grafting (CABG) for patients with a significant area of 
myocardium at risk, anatomy unsuitable for PCI, with 
a patent artery or cardiogenic shock. (1) 

The benefits of urgent CABG in patients with PCI 
failure or acute occlusion not amenable to PCI are un-
certain. Therefore, it is not a routine indication, given 
the high surgical risk of these patients and the low 
likelihood of improving prognosis. (1) 

Primary PCI failure is associated with high mor-
bidity and mortality. 

In this setting, the exceptional use of intracoro-
nary fibrinolytics, such as the "marinade technique" 
has been described, which has few systemic effects, 
thereby reducing bleeding risk and allowing high drug 
concentrations at the thrombus site. It has been re-
ported that the use of intracoronary fibrinolytics im-
mediately after PCI could improve coronary perfusion 

Fig. 1. Electrocardiogram prior to the first coronary angiography showing ST-segment elevation in the anterior leads and ST-
segment depression in the inferior leads.
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Fig. 2. Coronary angiography (CAG). A. CAG on admission. B. CAG 24 h after treatment with fibrinolytics. C. PCI of the culprit 
lesion, guidewire in the left anterior descending artery. D. Final angiographic result after stent placement.

Fig. 3. Electrocardiogram after successful PCI, prior to hospital discharge

in the first few days after STEMI, improving the area 
of ischemia and preventing ventricular dysfunction. 
(4,5)

There is no scientific evidence for "rescue systemic 
fibrinolysis" (use of systemic fibrinolytics after failed 
PCI). In our literature search, we found one case in 
which it was performed in a patient with inferior 
STEMI. The patient had moderate left ventricular 
dysfunction. After failed PCI, alteplase was infused 
achieving reperfusion criteria; then, a PCI of the right 
coronary artery was successfully performed. (3) 

In the case we present, the patient continued to ex-
perience pain, with persistent ST-segment elevation, 
a bedside echocardiogram with a poor prognosis, and 
an ostial lesion of the left anterior descending artery. 
As this was a patient with a low risk of bleeding, an 
off-label drug strategy was chosen to improve the pa-

tient's prognosis and eventually reevaluate the coro-
nary arteries with a new angiography. 

This clinical case reminds us of the importance of 
using fibrinolytic treatment according to internation-
al guidelines, which is easily accessible and usable in 
emergency departments that lack emergency primary 
PCI. It also highlights the current delays in the treat-
ment of STEMI and emphasizes the need for improve-
ments in hospital networks for the management of 
patients with AMI.

We are used to thinking of rescue PCI in the event 
of failed fibrinolytic therapy. Although there is no evi-
dence on the reverse procedure—the use of systemic 
fibrin-specific thrombolytics after failed PCI—, we be-
lieve this case has clinical and pathophysiological rel-
evance for exceptional real-world patients with AMI 
and primary PCI failure.

SCIENTIFIC LETTER / Lucía M. Carosella et al.
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Carbon monoxide (CO) poisoning is a medical emer-
gency of global importance, with a spectrum of clini-
cal presentations ranging from mild and nonspecific 
symptoms to severe multiorgan involvement and 
death. Cardiovascular complications are one of the 
leading causes of morbidity and mortality in patients 
with CO poisoning and can occur both in the acute 
phase and in the long term.

We present the case of a 40-year-old male patient 
with a history of smoking and dyslipidemia who was 
admitted to our service on January 18, 2025, with loss 
of consciousness on the previous day secondary to 
carbon monoxide poisoning, evidenced by a carboxy-
hemoglobin (COHb) level of 55% on admission.

The admission electrocardiogram (ECG) showed 
atrial fibrillation rhythm with rapid ventricular 
response, with ST-segment depression in DI, DII, 
DIII, aVF, and V3 to V6, and ST-segment elevation 
in aVR. Ultrasensitive troponin (UST) levels were 
593.6/1459/1173 ng/L. The admission echocardiogram 
showed a left ventricular ejection fraction (LVEF) 
of 40% with generalized hypokinesia. The condition 
was interpreted as type 2 acute myocardial infarction 
(AMI) secondary to CO poisoning, and the patient was 
admitted to the Coronary Care Unit for monitoring 
and treatment with oxygen therapy.

A brain and chest computed tomography scan 
showed no abnormalities, and oxygen therapy with 
a hyperbaric chamber was administered. The patient 
was admitted to the intensive care unit in a hemody-
namically stable condition, asymptomatic for angina 
and dyspnea, with no signs of fluid overload or low 
cardiac output. After hyperbaric chamber therapy, an 
ECG was performed on the same day, showing sinus 
rhythm at 75 beats/minute, with no signs of acute or 
sequelae ischemia, and decreased COHb to 1.2%.

On January 20, 2025, a Doppler echocardiogram 
revealed a left ventricle with slightly increased wall 
thickness, no motility disorders, and preserved LVEF 
(68%). Subsequently, an invasive coronary angiogra-
phy was performed via the right radial artery, which 
did not disclose any significant lesions. Laboratory 
tests during hospitalization included a complete 
blood count with hematocrit 48.7, hemoglobin 16.4 g/
dL, platelets 225 000/mm3 and leukocytes 8530/mm3. 
The lipid profile showed HDL cholesterol 44 mg/dL, 
LDL cholesterol 130 mg/dL, total cholesterol 195 
mg/dL, and triglycerides 180 mg/dL. Glycated hemo-
globin (HbA1c) was 5.9%. Serology tests for hepatitis 
B, hepatitis C, and HIV were nonreactive. Given the 
patient's favorable clinical course and the absence of 
criteria for hospitalization, it was decided to discharge 
him from hospital on January 21, 2025.  

Carbon monoxide poisoning can cause a variety of 
acute and chronic cardiovascular complications, even 
in patients with no history of heart disease. It exerts 
its toxicity mainly through tissue hypoxia, mitochon-
drial dysfunction, and oxidative damage, significantly 
affecting the myocardium and the vascular system. 
(1,2)

Acute myocardial injury is observed in approxi-
mately 37% to 53% of patients with acute CO poisoning, 
evidenced by elevated cardiac biomarkers (troponin, 
CK-MB) and electrocardiographic abnormalities, such 
as ischemic changes in the ST-segment and T wave. 
Myocardial injury can occur even in young, previously 
healthy individuals. (3,4) In the case here presented, 
elevated troponin and initial electrocardiographic ab-
normalities are consistent with this finding.

Left ventricular dysfunction may manifest as de-
creased LVEF or alterations in global longitudinal 
strain, detectable by echocardiography and cardiac 
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magnetic resonance imaging. (4,5) In our patient, left 
ventricular function was preserved at the time of the 
echocardiogram.

Carbon monoxide can induce supraventricular and 
ventricular arrhythmias, including tachycardia, brad-
ycardia, and, in severe cases, ventricular fibrillation. 
(1,2) The rapid ventricular response to atrial fibrilla-
tion initially observed in our patient is an example of 
this complication.

Cases of AMI secondary to CO poisoning have 
been documented, attributable to both hypoxia and 
endothelial dysfunction, and coronary vasospasm. 
(2,5). The present case is a clear example of type 2 
AMI induced by poisoning. The absence of significant 
coronary lesions on coronary angiography supports 
this classification.

Cohort studies have shown that patients with a 
history of CO poisoning have a significantly increased 
risk of major cardiovascular events, including AMI, 
heart failure, and stroke, compared with the general 
population (adjusted HR ≈ 2). (6)

The risk of mortality from cardiovascular causes 
remains high after poisoning, even after normaliza-
tion of biomarkers and initial cardiac function. Cardi-
ac magnetic resonance imaging can detect persistent 
myocardial fibrosis several months after poisoning, 
which is associated with subclinical dysfunction and 
potential risk of future heart failure. (5)

In severe cases, poisoning can cause cardiovascular 
collapse, severe hypotension, and cardiac arrest, espe-
cially with massive or prolonged exposure. (1,2) 

In conclusion, CO poisoning is a clinical entity 
that requires high suspicion and comprehensive man-
agement, given its potential serious cardiovascular 
complications. The case presented here illustrates 
the manifestation of a type 2 AMI in the context of 
CO poisoning, highlighting the importance of cardiac 
monitoring and complementary studies for proper di-

agnosis and treatment. Long-term follow-up of these 
patients is essential due to the increased risk of car-
diovascular events and mortality.
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Peripartum cardiomyopathy (PPCM) is a rare but po-
tentially life-threatening condition that presents as 
heart failure (HF) during the peripartum period and 
may progress to cardiogenic shock. (1) Recent genet-
ic studies indicate that up to 20% of PPCM patients 
carry mutations in genes associated with dilated car-
diomyopathy (DCM), such as the TTN gene, which en-
codes titin, emphasizing the value of genetic testing in 
this population. (2) We describe a challenging case of 
PPCM with a severe clinical course and a novel trun-
cating TTN variant, focusing on diagnostic complex-
ity and management, particularly regarding implant-
able cardioverter-defibrillator (ICD) timing.

A 33-year-old Caucasian woman with no relevant 
medical history presented to the emergency depart-
ment five days postpartum with sudden dyspnea, or-
thopnea, and chest discomfort. She had one previous 
uneventful full-term pregnancy and a miscarriage. 
Family history was negative for cardiac disease.

On admission, she was tachycardic, tachypneic, 
and hypotensive. Auscultation revealed an irregular 
rhythm, apical systolic murmur, and bilateral basal 
crackles. Laboratory testing showed elevated NT-
proBNP (N-terminal pro-B-type natriuretic peptide, 
4400 pg./mL, normal value <450 pg./mL) and D-di-
mers (6000 ng/mL, normal value <500 ng/mL). In the 
computed tomography pulmonary angiography iden-
tified small bilateral pleural effusions. Electrocardio-
gram showed sinus tachycardia (140 bpm) with fre-
quent ventricular bigeminy; QT interval was normal 
(Figure 1).

Echocardiography revealed a severely dilated and 
dysfunctional left ventricle (LV) with left ventricular 
ejection fraction (LVEF) 20%, borderline right ven-
tricular (RV) function, and severe secondary mitral 
regurgitation (Figure 2).

She was admitted to the cardiac intensive care unit 
for clinical stabilization.

Within 24 hours, she deteriorated to cardiogenic 
shock and required levosimendan and norepineph-
rine. Lactation was suppressed using bromocriptine 
following shared decision-making with the patient. 
Anticipating need for mechanical support, she was 
transferred to a tertiary care center, where she re-
sponded to inotropic therapy with dobutamine with-
out requiring circulatory assistance.

Disease-modifying drugs for heart failure were 
gradually introduced, though limited by her hemody-
namic profile.

On day 23, cardiac magnetic resonance imaging 
(MRI) confirmed severe LV dilation and dysfunction 
(LVEF 28%) and mild RV dysfunction, without inflam-
mation, fibrosis, or myocardial infiltration. She was 
discharged on day 40 and referred for genetic evalu-
ation.

Follow-up in HF clinic allowed gradual uptitration 
of disease-modifying therapy. Genetic testing identi-
fied a novel, likely pathogenic, truncating variant in 
TTN (c.98319dup p.(Asp32774*)). First-degree rela-
tives showed no abnormalities on echocardiography.

After 6 months of optimized therapy, cardiac MRI 
still showed severe LV dysfunction and a subcuta-
neous ICD was implanted. She ultimately achieved 
complete recovery of LV function (LVEF 54%) eight 
months post-admission.

Recent advances have provided new insights re-
garding the genetic basis of PPCM showing that up to 
20% of patients with PPCM carry mutations in genes 
known to be associated to DCM. (2) 

This case supports emerging data on the genetic 
underpinnings of PPCM, particularly the role of TTN 
truncating variants, which are known to correlate 
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Fig. 1. Initial electrocardiogram showing sinus tachycardia and ventricular bigeminy

Fig. 2. Transthoracic echocardiogram showing severe dilated left ventricle and severe secondary mitral regurgitation

with adverse LV remodeling and reduced recovery. 
(2) The hypothesis of pregnancy as a physiological 
"second hit" that unmasks latent genetic DCM is re-
inforced. (3)

Data have shown that complete recovery of ven-
tricular function occurs in a substantial proportion of 
women, and predictive factors include a baseline LVEF 
greater than 30%, as suggested by previous studies. 
(4) Although LVEF recovery can occur in up to 65% of 
patients by six months, (5) some recover only after a 
year or more. This variability complicates the timing 
of cardioverter-defibrillator implantation. Early per-
manent implantation may be premature, particularly 
in reversible cardiomyopathies, but data on ventricu-

lar arrhythmias in PPCM remain limited.
Some studies report high arrhythmic burden early 

in PPCM, with life-threatening ventricular arrhyth-
mias observed in 12–43% of patients. (6) Wearable 
cardioverter-defibrillators (WCDs) have shown utility 
in this context. In one prospective series, 3 of 7 pa-
tients experienced ventricular fibrillation successfully 
terminated by the WCD. (6)

Although current guidelines are non-specific, 
WCDs may be a reasonable bridge strategy in patients 
with new-onset PPCM and severely reduced LVEF.

However, their limited availability in some coun-
tries may restrict routine use in clinical practice and 
complicate the decision of when to indicate an ICD
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This case illustrates the complexity of managing 
severe PPCM in the presence of a pathogenic TTN 
variant. It highlights the importance of genetic test-
ing, the need for shared decision-making regarding 
lactation suppression, and the dilemma of ICD tim-
ing—particularly when an underlying genetic variant 
is associated with poorer left ventricular reverse re-
modeling.
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I read with great interest the article published by 
Travetto and Argento entitled Detection of subclini-
cal cardiac damage by echocardiography in a hyperten-
sive population with a high prevalence of obesity: dis-
crepancies observed according to the indexing method 
used, (1) which highlights the clinical relevance of 
using height-based allometric indices to detect target 
organ damage in hypertensive patients who are over-
weight or obese. The purpose of this letter is to point 
out certain limitations identified in the study, which 
could help improve future research of this kind.

The study's findings, which show a significant un-
derestimation of left ventricular hypertrophy (LVH) 
and left atrial enlargement (LAE) when using body 
surface area-based indexing (BSAI), are particularly 
relevant in the context of a population where obesity 
is highly prevalent. The fact that up to 38% of patients 
were reclassified when using allometric height-based 
indexing (AHI) highlights the potential clinical impact 
of this methodological choice on cardiovascular risk 
assessment. However, despite the results obtained, 
the study has some important limitations.

As this is a single-center, cross-sectional study 
without long-term follow-up, it is not possible to es-
tablish causal relationships or evaluate the prognos-
tic value of the different indexing methods. This con-
trasts with studies such as that by Chirinos et al., (2) 
where AHI not only improved LVH detection but also 
showed a greater predictive value for cardiovascular 
events over time. Similarly, De Simone et al. (3) iden-
tified that left ventricular mass indexed to height2.7 
was associated with a higher population-attributable 
risk of events in the Strong Heart Study, which in-
cluded a long-term follow-up.

Furthermore, the results were not validated in 
other populations or in different clinical contexts. 
This issue has been addressed by Liao et al., (4) who, 
in a large, diverse cohort, concluded that AHI offered 
greater diagnostic accuracy, particularly in overweight 
or obese women. Kuznetsova et al. (5), meanwhile, 

analyzed the discrepancies between BSAI and AHI 
according to the degree of obesity in a multinational 
cohort, and found results similar to those reported by 
Travetto et al., but with broader validation.

For all these reasons, I believe that future research 
should apply multicenter and longitudinal designs 
with external validation, evaluate the reproducibility 
of measurements, and incorporate technologies that 
allow for the automatic calculation of allometric for-
mulas in echocardiographic equipments.

I congratulate the authors for rising awareness of 
this issue and agree that it is urgent to incorporate 
AHI as standard clinical practice in hypertensive pa-
tients who are overweight or obese. 

Sincerely,
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We thank the reader for his interest in our study and 
acknowledge that it has certain limitations that should 
be considered when interpreting the results. However, 
we believe that the reported findings have fulfilled the 

objectives for which the study was proposed, raising 
awareness of this problem, which is of increasing in-
terest and importance in clinical practice, not only in 
the field of Cardiology but also in other specialties, in 
which indexing structures to body surface area is not 
appropriate for addressing the phenomenon under 
study in overweight and obese subjects.

Sincerely,

Carolina Travetto, Laura Argento MTSAC

The Right Ventricle in Transthyretin Amyloidosis: Looking Beyond the 
Left Ventricle 
  
El ventrículo derecho en la amiloidosis por transtiretina: mirar más allá del ventrículo izquierdo

GUILLERMO LINIADO1, MTSAC,

The study by Elissamburu et al., recently published 
in Revista Argentina de Cardiología, provides relevant 
data on right ventricular (RV) function in patients 
with transthyretin cardiac amyloidosis (ATTR-CM). 
In a cohort of 154 patients, almost half presented with 
RV systolic dysfunction measured by TAPSE, which 
was independently associated with mortality, hospi-
talization for heart failure, and the onset of atrial fi-
brillation. (1)

This finding is important because care for cardiac 
amyloidosis has historically focused on the left ven-
tricle, while the right ventricle has tended to be over-
looked. However, in clinical practice, RV dysfunction 
has a decisive prognostic weight, not only in amyloi-
dosis but also in most cases of heart failure, especially 
in those with preserved ejection fraction. (2,3) In this 
sense, the study reinforces a well-known concept: the 
evolution of patients with HF depends on both the 
right and left sides of the heart.

The practical relevance of this study lies in high-
lighting that a simple, accessible, and reproducible 
parameter such as TAPSE can be useful in risk strati-
fication. Given the complexity of amyloidosis, which 
often requires sophisticated studies for diagnosis, the 
possibility of having a simple echocardiographic index 
available in any laboratory is a significant contribu-

tion. Systematically incorporating TAPSE measure-
ment in patients with suspected or confirmed ATTR-
CM can help identify higher-risk subgroups and guide 
specific decisions.

For example, a patient with reduced TAPSE could 
benefit from closer monitoring, a lower threshold for 
initiating anticoagulation upon the onset of atrial fi-
brillation, or earlier evaluation for specific therapies. 
In a clinical setting where access to disease-modify-
ing drugs such as tafamidis remains limited, having 
parameters that allow for better selection of who to 
prioritize becomes particularly useful in real-world 
practice.

At the same time, we must not lose sight of a gen-
eral consideration: when a new prognostic marker 
is proposed, its true value lies in demonstrating in-
creased capacity over what we already know. If RV 
dysfunction appears almost inevitably in patients with 
advanced heart failure or in those with elevated NT-
proBNP and troponin, it is worth asking how much 
TAPSE adds beyond confirming an already evident 
risk. The study by Elissamburu et al. shows statistical 
independence, but future studies should demonstrate 
added value over models that integrate biomarkers 
and clinical variables.

In short, this work invites us to look at the right 
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ventricle with the importance it deserves. It is not a 
secondary player, but a key piece in the evolution of 
ATTR-CM. But the message is broader: in all heart 
failure conditions, and particularly in those with pre-
served ejection fraction, RV function is a major de-
terminant of outcome. Incorporating its routine as-
sessment not only enriches our understanding of the 
disease, but can also translate into more timely and 
beneficial decisions for our patients. (4)
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We thank Dr. Guillermo Liniado for his valuable com-
ments on our recently published work. We fully agree 
on the importance of systematically evaluating right 
ventricular function in transthyretin amyloid cardio-
myopathy.

Our study showed that decreased TAPSE is inde-
pendently associated with mortality, hospitalization 
for heart failure, and the onset of atrial fibrillation, 
even after adjusting for NT-proBNP and troponin. 
This independence suggests that TAPSE provides 
complementary prognostic information, which we 
consider a relevant finding for clinical practice.

We recognize, as Dr. Liniado rightly points out, the 
need to validate its incremental value in multivariable 
models that include biomarkers and other clinical var-
iables. We also agree that its simplicity and reproduc-
ibility make it an accessible tool for risk stratification 
and guiding therapeutic decisions.

We reiterate our gratitude for your observations, 
which enrich the debate and promote comprehensive 
evaluation of the right ventricle in this complex dis-
ease.

The authors
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How Helpful Is a Risk Score Actually? 
  
¿Cuánto nos ayuda realmente un score de riesgo? 
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The article by Lobo et al. in the last issue of the Ar-
gentine Journal of Cardiology (1) presents an uncom-
fortable truth: in patients with type 2 diabetes, cardio-
vascular risk scores are not always consistent and do 
not provide equivalent information. In this cohort of 
patients in primary prevention, the authors observed 
different results after using various calculators. De-
pending on the model, between 10% and 70% of pa-
tients were considered to be at high risk.  What do 
clinicians do with that information?

The discordance between tools is more than a sta-

tistical problem. This is a practical issue: which pa-
tients should receive more intensive treatment? In 
which patients should I be more aggressive in man-
aging their lipids or in choosing antidiabetic drugs 
with cardiovascular benefits? This study shows that, 
although there is good correlation between scores, the 
actual concordance (defined as the agreement in the 
final classification) is low. This leaves us, once again, 
relying on clinical judgment as our compass.

Diabetes is not a uniform condition, but rather one 
with different phenotypes and clinical courses. Most 



317

1. Lobo LM, Masson W, Molinero GB, Giunta G, Lavalle Cobo A, 
Masiello C, et al. Cardiovascular Risk Assessment in Primary Pre-
vention in Patients with Type 2 Diabetes: Comparison of Multiple 
Scores and Detection of Subclinical Atheromatosis. Rev Argent Car-
diol 2025;93:202-12. https://doi.org/10.7775/rac.es.v93.i3.20899
2. Bulugahapitiya U, Siyambalapitiya S, Sithole J, Idris I. Is dia-
betes a coronary risk equivalent? Systematic review and meta-
analysis. Diabet Med 2009;26:142-8. https://doi.org 10.1111/j.1464-
5491.2008.02640.x.
3. Dziopa K, Asselbergs FW, Gratton J, Chaturvedi N, Schmidt AF. 
Cardiovascular risk prediction in type 2 diabetes: a comparison of 22 
risk scores in primary care settings. Diabetologia. 2022;65:644-56. 
https://doi.org/10.1007/s00125-021-05640-y. 
4. Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, et al. 
Carotid intima-media thickness and presence or absence of plaque 
improves prediction of coronary heart disease risk: the ARIC 
(Atherosclerosis Risk In Communities) study. J Am Coll Cardiol 
2010;55:1600-7. https://doi.org/10.1016/j.jacc.2009.11.075.
5. Liu J, Tang W, Chen G, Lu Y, Feng C, Tu XM. Correlation and 
agreement: overview and clarification of competing concepts and 
measures. Shanghai Arch Psychiatry. 2016;28:115-20. https://doi.
org/10.11919/j.issn.1002-0829.216045

REFERENCES

AUTHORS’ REPLY

importantly, the cardiovascular risk associated with 
diabetes varies from person to person. For years, it 
was assumed that type 2 diabetes mellitus was a heart 
disease equivalent. Today we know that this is a dan-
gerous simplification. However, we have moved to the 
opposite extreme, where scores have become increas-
ingly complex, incorporating dozens of variables... and 
yet there is still a lack of consensus. (3)

In this context, the search for subclinical disease, 
such as carotid atheromatosis, which was evaluated in 
this study, makes sense again. Finding a plaque in an 
"intermediate" risk patient may justify more aggres-
sive interventions. (4) Conversely, if a patient has no 
other risk factors and shows no signs of vascular dam-
age, we can be more cautious.

The message is clear: scores help, but they do not 
decide for us. In the meantime, while we await a sim-
ple, locally calibrated, and pragmatic model, we go on 
doing our best: listening to patients, reviewing their 
medical records, interpreting their exams, and mak-
ing decisions collaboratively. Sometimes, this can be 
more valuable than any algorithm. (5)
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We greatly appreciate your thorough review and valu-
able feedback on our work. We fully agree that the 
heterogeneity of cardiovascular risk scores in patients 
with type 2 diabetes poses a challenge not only in 

terms of methodology, but also for decision-making 
in clinical practice. It is noteworthy to mention that 
risk scores depend on the population in which they 
were developed, which may affect their applicability 
and accuracy in different contexts. The variability of 
the same risk score across different populations is not 
a new issue. Brindle et al. addressed this problem by 
comparing the Framingham risk score among 71 727 
patients in 27 studies. This reflects the difficulty of 
applying a risk score to a population other than the 
one in which it was developed. (Brindle P., Beswick A., 
Fahey T., Ebrahim S. Heart 2006;92:1752-1759).

As previously mentioned, the differences between 
the various tools require physicians to integrate evi-
dence with clinical judgment, the patient's individual 
history, and, to a growing extent, the search for mark-
ers of subclinical damage. We believe this is a key 
point: cardiovascular risk scores are a useful tool for 
coordinating the use of resources, but they do not re-
place comprehensive assessment or shared decision-
making. Rather, they complement these processes.

We also agree with the observation on how the 
paradigm has evolved, starting from the idea that all 
type 2 diabetes cases are a heart disease equivalent 
(NCEP ATP III, JAMA, 2001; 285: 2486–2497; SAC 
Consensus on Cardiovascular Prevention, Rev. Ar-
gent. Cardiol. 2020;88:9–3), to the current situation 
in which the complexity of the models does not always 
translate into clear utility in clinical practice. In this 
scenario, the identification of carotid plaques or other 
indicators of subclinical vascular disease may provide 
additional clinically relevant criteria for personalizing 
treatment intensity.

As the recent consensus statements of the Ar-
gentine Society of Cardiology have recommended, 
risk stratification should consider not only available 
scores but also the assessment of markers of subclini-
cal vascular damage, particularly in patients with type 
2 diabetes in primary prevention. (SAC Consensus 
Statement on Cardiovascular Prevention. Rev Argent 
Cardiol. 2020;88:9-3; Rev Argent Cardiol. 2024;92:F-
19). Both documents underscore the need to move to-
ward simpler models that are calibrated to our popu-
lation and useful for daily clinical practice, in line with 
the considerations outlined in the letter.

In short, the discussion raised in your letter en-
riches the debate and reinforces the need to move 
towards simpler prediction models that are better 
calibrated to local populations and, most important-
ly, can be effectively implemented in daily practice. 
Meanwhile, and as is well emphasized, the combina-
tion of science, clinical experience, and dialog with the 
patient remains our most robust tool.

Yours sincerely,

The authors
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SAC PRESIDENT’S LETTER

The Need for a Strategic Plan at SAC for the Coming Years 

La necesidad de un plan estratégico en SAC para los próximos años

Reviewing the history of our Society and its evolution 
ignites our understanding of why we exist and what 
our mission and vision are. Since its origin, the SAC 
has been able to adapt to the times, merging research, 
teaching, and clinical care to serve the cardiovascular 
health of the country. This journey reminds us that 
our strength lies not only in who we are today, but in 
the path we have built to face the challenges of tomor-
row.

As an inspiration and model, we remember the 
Royal Society, established in 1660, the oldest scientific 
society in the world. Its motto, “Nullius in verba” —
on no one’s word— sums up a philosophy that guided 
researchers to seek the truth through experimenta-
tion and evidence, not authority or tradition. That 
attitude of well-understood skepticism and constant 
verification is what we want to embody at the SAC: a 
commitment to truth, transparency, and continuous 
improvement that serves the cardiovascular health of 
our population.

Since its inception, the SAC has evolved from a 
journal to a scientific society linked to universities 
and public hospitals in Buenos Aires, Córdoba, and 
Rosario. Throughout Argentine history, we have been 
able to adapt to contexts of great social upheaval, 
maintaining cooperation between public and private 
health care, and often advancing practices and ideas 
in the region. This legacy requires us to review our 
actions for the coming years in light of the current 
paradigm shifts in science and society.

At the 2025 ESC Congress in Madrid, the SAC was 
recognized as the first scientific society affiliated with 
the European Society of Cardiology in 2005, a decision 
made by Dr. Daniel Piñeiro. This recognition is not 
simply a badge of honor: it is tangible proof that our 
increasingly ambitious and coordinated strategic deci-
sions have had an impact over time. It invites us to 
look ahead with the same conviction: to turn evidence, 
experience, and innovation into actions that improve 
the cardiovascular health of all Argentineans.

With this in mind and with this vocation, in recent 
months, after multiple meetings with SAC strategic 
leaders at the national level, we have identified glob-
al and local scenarios that require robust planning: 
population aging, acceleration of diagnostic and thera-

peutic innovations, and the emergence of artificial in-
telligence in clinical practice, teaching, and research. 
In Argentina, the arrival of new technologies coexists 
with structural challenges: insufficient infrastruc-
ture, inequities in access, and a heterogeneous, frag-
mented, and underfunded healthcare system. These 
realities require a strategic vision to guide decisions, 
prioritize investments, and strengthen the impact of 
our work.

Our mission and vision—to be a non-profit public 
welfare association committed to improving cardio-
vascular health in the country; and to be a leader in 
cardiovascular health training and information, pro-
moting good practices, constant updating, and the 
integration of technological advances with emphasis 
on equity and sustainability in the health system —
compel us to go beyond clinical cardiology. We want to 
participate in improving the organization, financing, 
and rational use of health system resources, focusing 
on health priorities.

The strategic plan (SP) we are developing, which 
we will present at the 51st SAC Congress in Octo-
ber, has a horizon of three government terms. It is a 
guiding framework for decisions, actions, and invest-
ments. It is not a detailed document that limits each 
member; it is a consensus framework to improve deci-
sion-making, organizational efficiency, and the SAC’s 
contribution to the country’s cardiovascular health.

We are adopting a participatory approach: devel-
oped by the Presidency, with the collaboration of the 
Board of Directors and leaders from different func-
tions and regions, through workshops and working 
meetings. We seek coherence and consistency, align-
ing actions across three administrations, and we place 
ethics and equity at the center of all lines of action.

Our commitment is articulated in three areas 
that guide each step: Education, Research, and SAC 
Membership. In Education, we want to create and 
strengthen the Institute of Continuing Medical Edu-
cation, a precursor to the SAC University Institute; 
generate and transmit knowledge in medical sciences 
and cardiology, prioritize professional development 
and education focused on patient benefit, and con-
tinue to position the SAC as a benchmark in training, 
knowledge generation, and technological development 
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at national and international levels.
In Research, we aim at developing scientific 

knowledge that improves clinical practice and hu-
man resources training; to generate national data and 
statistics on cardiovascular health; to consolidate a 
methodology that represents the reality of our coun-
try; and to continue promoting multicenter registries 
and the participation of research centers throughout 
the territory on an ongoing basis.

In the SAC Members Area, we propose a training 
program for leading cardiologists to professionalize 
leadership and management, preparing them for the 

advancement of new technologies, globalization, and 
new challenges.

The strategic plan is not a luxury: it is an indis-
pensable tool for guiding efforts, optimizing resourc-
es, and raising the quality of cardiovascular health in 
Argentina. With a clear framework, committed lead-
ership, and a culture of continuous improvement, we 
can face the challenges and take advantage of the op-
portunities offered by scientific and technological pro-
gress.

Pablo Stutzbach MTSAC,    .  
President of the Argentine Society of Cardiology
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