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I EDITORIAL

“Youth Is a Disease that Is Cured with Age”

“La juventud es una enfermedad que se cura con los afnos”

JORGE LERMAN'- MTsAC

Young people generally assume that they are healthy,
do not undergo medical examinations often, and are
unaware of their blood pressure levels. According to
the 4th National Survey of Risk Factors, published
in October 2019, the prevalence of hypertension was
14.8% among individuals aged 18-24, 20.7% among
those aged 25-34, and 29% among those aged 35-49.
(1) In the RENATA 2 study, conducted between Au-
gust 2015 and March 2016 and published in 2017,
18.5% of men and 6.9% of women < 35 years had hy-
pertension as well as 37.9% of men and 19.5% of wom-
en between 35 and 44 years of age. (2) A relevant fact
is that in these age groups of young adults, the preva-
lence of hypertension is increasing more rapidly than
in older people, especially in men and in middle- and
low-income countries. (3,4) This could be attributed to
factors such as increasing sedentary lifestyles, obesity,
alcohol consumption, tobacco use, drug use, and poor
diet. In young adults, adherence to adequate treatment
and blood pressure control is significantly lower. (5) A
recent Finnish publication analyzed a group of 1889
adolescents and young adults who were followed up
for 38 years. At the conclusion of the study period, 745
(39.4%) of the subjects had developed atheromatous
plaques in their carotid arteries. Multivariate analy-
sis demonstrated a close correlation between systolic,
diastolic, mean, and pulse pressure initially recorded
and the development of these plaques. (6) These find-
ings confirm the well-established association between
the presence of a specific risk factor, its intensity, and
the duration of endothelial exposure to that risk fac-
tor. Another relevant finding is the confirmation that
hypertension is associated not only with arterial re-
modeling (increased intima-media thickness) but also
with the deposition of atheromatous plaques.

In this issue of the journal, researchers from the
Favaloro Foundation publish a cross-sectional obser-
vational study with prospective follow-up of individu-
als who underwent cardiovascular evaluation between

George Bernard Shaw

January 2017 and December 2023. (7) A total of 6071
participants between 18 and 49 years were included in
this analysis (age 35.3 £ 9.6 years, 45.3% female). Of
these, 576 patients (9.5%) had systolic blood pressure
= 140 mmHg, diastolic blood pressure = 90 mmHg, or
both (HTNg). The characteristics of the HTNg were
compared with those of normotensive individuals
(CTRLg). Patients were excluded if they had previ-
ous HTN, were taking antihypertensive treatment,
or had secondary HTN. Subjects in the CTRLg were
older and had higher values of body mass index and
blood glucose, creatinine, total cholesterol, LDL, and
triglycerides. These data reinforce the long-standing
concept that cardiovascular risk factors are often
associated and that identifying one of these factors
typically prompts the investigation of the others to
determine the overall cardiovascular risk score. On
exercise stress test, this group exhibited lower per-
formance and a greater exaggerated hypertensive
response to exercise compared to the CTRLg. In ad-
dition, the echocardiograms demonstrated higher left
ventricular mass index and larger left atrial diameter
in the HTNg. Probably, an indeterminate proportion
of these patients were unaware they had HTN, as we
do not know the medical records of this population.
In that case, this would be the first time they became
aware of their condition. Furthermore, analysis of the
results indicates that target organ damage to the kid-
ney and heart had already occurred at an early age.
This study analyzes a highly selected population
made up of individuals who voluntarily attended a
prevention program at a cardiovascular center (moti-
vational bias). This decision identifies them as people
who are naturally more concerned about their health
and, consequently, healthier than the average popula-
tion. Given their attendance at a private institution,
it is reasonable to assume that these individuals pos-
sess health coverage and thus belong to a more privi-
leged socioeconomic class (socioeconomic bias). These

REeV ARGENT CARDIOL 2025;93:169-170. https://doi.org/10.7775/rac.v93.i3.20895
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facts contribute to consider it difficult to extrapolate
these results to the broader community. The diagnosis
of hypertension was made in the context of a single
measurement taken as part of a general health check-
up, without corroboration by additional methods such
as home or ambulatory blood pressure monitoring, as
recommended by recent guidelines. (8)

Despite these observations, I believe that this pa-
per presents a novel and valuable incentive to warn
the community (particularly the medical community)
and underscore the importance of detecting, correctly
treating, and adequately controlling hypertension
over a lifetime.

Conflicts of interest
None declared
(See authors conflicts of interest forms on the website).

Ethical considerations
Not applicable.
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I ORIGINAL ARTICLE

High Blood Pressure in Young Patients and its Association with Other
Risk Factors. Importance of Searching for Hypertensiom at All Ages

Hallazgo de presion arterial elevada en pacientes jovenes y su asociacion con otros factores de
riesgo. Importancia de la busqueda de hipertension arterial en todas las edades

MARIA FLORENCIA PEREZ"®, PABLO CUTINE"®, CAMILA KOS"®, FRANCO LAPETTINA"®, MARIA FLORENCIA AGUILO IZTUETA2®,
DANIEL PIROLA" & GUSTAVO GIUNTANMTAC® | AURA BRANDANI'™ MTSAC,

ABSTRACT

Background: Hypertension (HTN) is the risk factor with the greatest impact on cardiovascular (CV) disease. Several studies indicate
that HTN can be present from an early age and that its adequate treatment is key to prevent organ damage and CV events. However,
young adults are often unaware of their blood pressure (BP) levels.

Objective: The aim of this study was to evaluate the prevalence of HTN in young patients and its association with other cardiovas-
cular risk factors (CVRF).

Methods: A cross-sectional observational study with prospective follow-up evaluated patients aged 18-49 years, participating in a
CV prevention program between January 2017 and December 2023. Elevated BP was defined as 2140 mmHg systolic blood pressure
(SBP) or =90 mmHg diastolic blood pressure (DBP). Patients with pre-existing HTN, on antihypertensive treatment, or with second-
ary HTN were excluded. The study included echocardiograms to measure left ventricular mass index (LVMI) and left atrial (LA)
size, and ergometric testing to assess the hypertensive response to stress (SBP =210 mmHg or DBP =90 mmHg). Multiple logistic
regression analysis was performed to determine the association of HTN with other CVRE.

Results: Among a total of 6071 participants (mean age 35.3 = 9.6 years, 45.3% women), 576 (9.5%) showed elevated BP at consul-
tation. Patients with HTN were older and had higher values of body mass index (BMI), glycemia, creatinine and lipid parameters
(total cholesterol, LDL-¢c, HDL-c and triglycerides). In the HTN group (HTNg), 73.8% had elevated SBP, 91.1% elevated DBP and
64.9% had both elevated values. The prevalence of HTN was higher with increasing age. In the ergometric test, patients with HTN
presented lower performance: 12.2+2.8 METS vs. 13+2.8 METS in the control group (CTRLg) , p<0.001; and an exaggerated hy-
pertensive response: 8.3% vs. 1%, p<0.001. The LVMI was also higher in the HTNg: 66+16 g/m? vs. 62.5+14.5 g/m? (p<0.001), as
well as the LA diameter: 35.9+5 mm vs. 33.9+4.9 mm (p<0.001). Multiple logistic regression analysis showed that age (OR 1.049,
95% CI 1.034-1.065), HDL-c (OR 0.985, 95% CI 0.973-0.996), triglycerides (OR 1.002, 95% CI 1.000-1.003), LA diameter (OR 1.048,
95% CI 1.019-1.078) and hypertensive response on the stress test (OR 8,897, 95% CI 5,151-15,367) were independently associated
with the presence of HTN.

Conclusion: A significant number of young patients with HTN was found in a control medical consultation. This finding was sig-
nificantly associated with factors that increase cardiovascular risk (CVR), demonstrating that it is not an innocent finding. Early
identification, categorization and treatment of this population is a priority to prevent the onset of cardiovascular events.

Key words: Hypertension - Atherosclerosis - Risk factors - Primary prevention
RESUMEN

Introduccion: La hipertension arterial (HTA) es el factor de riesgo con més impacto en la patologia cardiovascular (CV). Diversos
estudios indican que la HTA puede estar presente desde edades tempranas y que su tratamiento adecuado es clave para prevenir
dano de 6rganos y eventos CV. Sin embargo, los adultos jovenes (AJ) suelen desconocer sus niveles de presion arterial (PA).
Objetivo: Evaluar la prevalencia de HTA en pacientes jévenes y su asociacién con otros factores de riesgo cardiovascular (FRCV).
Material y métodos: En un estudio observacional transversal con seguimiento prospectivo, se evaluaron pacientes de 18 a 49 anos
que participaron en un programa de prevencién CV entre enero de 2017 y diciembre de 2023. Se defini6é PA elevada un valor =140

REV ARGENT CARDIOL 2025;93:171-176. https://doi.org/10.7775/rac.v93.i3.20891
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mmHg para la presién arterial sistdlica (PAS) o 290 mmHg para la presion arterial diastélica (PAD). Los pacientes con HTA pre-
existente, en tratamiento antihipertensivo o con HTA secundaria fueron excluidos. El estudio incluy6 ecocardiogramas para medir
el indice de masa del ventriculo izquierdo (iMVI) y el tamano de la auricula izquierda (Al), y pruebas ergométricas para evaluar la
respuesta hipertensiva al esfuerzo (PAS =210 mmHg o PAD =90 mmHg). Se realiz6 un andlisis de regresién logistica multiple para
determinar la asociacién de la HTA con otros FRCV.

Resultados: De los 6071 participantes (edad promedio de 35,3 + 9,6 anos, 45,3% mujeres), 576 (9,5%) mostraron PA elevada en la
consulta. Los pacientes con HTA eran mayores y tenian valores mas altos de indice de masa corporal (IMC), glucemia, creatinina
y parametros lipidicos (colesterol total, C-LDL,C-HDL y triglicéridos). En el grupo con HTA (gHTA), el 73,8% tenia PAS elevada, el
91,1% PAD elevada y el 64,9% ambos valores elevados. La prevalencia de HTA fue mayor cuanto mayor la edad. En la prueba ergo-
métrica, los pacientes con HTA presentaron menor rendimiento: 12,2 + 2.8 METS vs. 13 = 2,8 METS en el grupo control (gCTRL),
p<0,001; y més frecuentemente respuesta hipertensiva exagerada: 8,3% vs. 1%, p<0,001. E1 iMVI también fue mayor en el gHTA:
66 + 16 g/m? vs. 62,5 = 14,5 g/m? en el gCTRL (p<0,001), asi como el didzmetro de la Al: 35,9 = 5 mm vs. 33,9 + 49 mm (p<0,001).
En el analisis de regresién logistica multiple la edad (OR 1,049, IC 95% 1,034-1,065), el C-HDL (OR 0,985, IC 95% 0,973-0,996), los
triglicéridos (OR 1,002, IC 95% 1,000-1,003), el didmetro de la AI (OR 1,048, IC 95% 1,019-1,078) y la respuesta hipertensiva en la
prueba de esfuerzo (OR 8,897, IC 95% 5,151-15,367) se asociaron independientemente con la presencia de HTA. En el seguimiento
luego de seis meses, el 62% de estos pacientes estaba bajo tratamiento antihipertensivo.

Conclusién: Se observé un ntmero significativo de pacientes jovenes con hallazgo de HTA en una consulta de control. Este hallazgo
estuvo significativamente vinculado con factores que incrementan el RCV, demostrando que no se trata de un hallazgo inocente. La
identificacion, categorizacion y tratamiento temprano de esta poblacion es prioritaria para evitar la apariciéon de enfermedad CV.

Palabras clave: Hipertensién arterial — Aterosclerosis — Factores de riesgo — Prevencion primaria

INTRODUCTION

Hypertension (HTN) is the most relevant modifiable
cardiovascular risk factor (CVRF) due to its frequency
and association with cardiovascular morbidity and
mortality. One of the key terms associated with HTN
is “HTN-mediated organ damage” (HMOD), which de-
scribes how the presence of HTN subclinical complica-
tions are indicators of a higher risk of serious clinical
events in the future, such as heart failure or chronic
kidney disease. (1,2) Hypertension is defined as systol-
ic blood pressure (SBP) =140 mmHg or diastolic blood
pressure (DBP) =90 mmHg at the medical consulta-
tion. For an accurate diagnosis, it is recommended to
take at least two measurements at different visits, or
to confirm the elevated values with complementary
ambulatory studies, such as ambulatory blood pres-
sure monitoring at home (ABPM) or 24-hour ambula-
tory monitoring. These measurements provide a more
reliable description of the patient's hypertensive sta-
tus outside the clinical setting, where blood pressure
(BP) can vary due to external factors. (3)

In recent years, there has been a notable increase
in the prevalence of HTN in young adults (YA), both
men and women. This increase has been promoted by
factors such as unhealthy lifestyles (poor diet, seden-
tarism, and alcohol and tobacco consumption), obesity,
and unfavorable socioeconomic conditions. These fac-
tors contribute to a higher risk of developing HTN at
younger ages, which in turn increases the long-term
risk of cardiovascular disease. In fact, the impact of
HTN in terms of mortality or years of life lost due to
disability has increased especially in low- and middle-
income countries, where resources for diagnosis and
treatment may be limited. (4)

It is important to note that both systolic and dias-
tolic HTN, and even isolated diastolic HTN, are asso-
ciated with an increased risk of cardiovascular events
(CVE) in YA, an age group that has traditionally been
considered at lower risk. However, this risk is often

underestimated, as awareness of HTN, its treatment,
and control is considerably lower in YA compared
with older age groups. This phenomenon contributes
to underdiagnosis and insufficient treatment in this
population, which increases the likelihood of mid- and
long-term cardiovascular complications. (5,6)

METHODS

A cross-sectional observational design with prospective fol-
low-up was carried out, evaluating patients who attended a
cardiovascular health prevention program (HPP) at Fun-
dacién Favaloro University Hospital. The HPP is designed
to assess general health, counsel and educate on healthy life-
style habits, and detect patients at high cardiovascular risk
(CVR). Patients between 18 and 49 years of age who attend-
ed for cardiovascular assessment between January 2017 and
December 2023 were included. Anthropometric, clinical, and
laboratory data were collected from medical records. Waist
circumference (WC) was measured with a non-extensible
tape measure at a midpoint between the lower edge of the
ribs and the iliac crests with the patient standing in nor-
mal expiration and body mass index (BMI) was calculated:
weight/height2: kg/m?). BMI allowed patients to be divided
into normal weight (<25 kg/m?), overweight ( 225- 30 kg/m?)
and obese ( =30 kg/m?).

Diabetes mellitus (DM) was defined as the presence of
two fasting blood glucose (FBG) measurements =126 mg/dL
or treatment with insulin or oral hypoglycemic agents ; (7)
dyslipidemia in the following circumstances: low-density li-
poprotein cholesterol (LDL-c) 2190 mg/dL, high-density lipo-
protein cholesterol (HDL-c) <40 mg/dL for men or <50mg/
dL for women, total serum triglycerides (TG) =150 mg/dL, or
being medicated with lipid-lowering drugs; current smoking
defined as patients who had smoked at least one cigarette in
the last 6 months and more than 100 cigarettes throughout
their lives; and family history of atherosclerotic cardiovas-
cular disease, as having first-degree relatives and manifes-
tations before the age of 55 years in men and 65 years in
women. (8) High blood pressure was considered for SBP
2140 mmHg or 290 mmHg for DBP in the medical consulta-
tion . Metabolic syndrome (MS) was diagnosed according to
the criteria of the National Cholesterol Education Program
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— Adult Treatment Panel III (NCEP-ATP III). (9) The com-
ponents of MS were defined as follows: 1) high BP (SBP =130
mmHg and/or DBP =85 mmHg or taking antihypertensive
medication); 2) elevated WC (>102 cm for men and >88 cm
for women); 3) hyperglycemia (FBG =100 mg/dL or hypogly-
cemic treatment); 4) hypertriglyceridemia (TG =150 mg/dL);
and 5) low HDL-c (<40 mg/dL for men and <50 mg/dL for
women). Metabolic syndrome was considered to be present
with at least 3 of the components described.

A color Doppler echocardiogram was performed using an
Affinity 50 ultrasound system (Philips HealthCare, USA) to
evaluate the left atrial structure (LA) and calculate left ven-
tricular mass index (LVMI). A graded exercise test was used
to assess the hypertensive response to exercise (SBP =210
mmHg or DBP 290 mmHg).

The characteristics of the hypertensive group (HTNg)
were compared with those of the normotensive group (con-
trol group, CTRLg). Patients with previous HTN, under
treatment with antihypertensive drugs, or with secondary
HTN were excluded.

Statistical analysis

Quantitative variables were expressed as meanz*standard
deviation (SD) or median and interquartile range (IQR), ac-
cording to the normal distribution evaluated by the Kolmog-
orov-Smirnov test. Qualitative variables were expressed as
number and percentage. Comparisons between groups were
performed using Student's t-test or Mann Whitney test for
continuous variables and the Chi2 test or Fisher's exact
test for categorical variables. A multiple logistic regression
analysis was performed to test the independent association
between HTN and other CVREF. Variables with a known bio-
logical relationship or those with statistically significant dif-
ferences in the univariate analysis (age, gender, BMI, FBG,
HDL-c, TG, LA diameter, LVMI, and exaggerated hyperten-
sive response in the ergometric test) were employed for the
model. A two-tailed p-value <0.05 was considered statistical-

ly significant. Statistical analysis was performed using SPSS
software version 16 (SPSS Inc, Chicago, Illinois, USA) and R
version 4.3.1. This study was approved by the institutional
bioethics committee.

RESULTS

Among a total of 6071 participants who met the inclu-
sion criteria (age 35.3+9.6 years, and 45.3% female),
576 patients (9.5%) had elevated BP values during the
medical consultation. The comparative data for this
population, showing that patients in the HTNg had
more unfavorable clinical characteristics compared
with the CTRLg, are summarized in Table 1.

In the HTNg, patients had older age, greater BMI,
higher FBG levels, and elevated creatinine concentra-
tions. In addition, lipid parameters, including total se-
rum cholesterol, LDL-c, HDL-¢, and TG, also showed
significant alterations in this group of patients, re-
inforcing the relationship between HTN and other
CVRFs.

Regarding specific findings in the HTNg, 73.8%
had elevated SBE, 91.1% had high DBPE, and 64.9% had
both elevated pressures. There was a strong relation-
ship between increasing age and high BPE as can be
seen in Figure 1.

On the other hand, the results of the ergometric
test, an assessment of physical performance during
exercise, indicated that the HTNg patients showed
significantly lower performance, measured in METS
(metabolic equivalents) compared with the CTRLg.
On average, HTNg patients reached 12.2+2.8 METS,
while normotensive patients reached 13+2.8 METS
(p<0.001). In addition, the probability of an exagger-
ated hypertensive response during exercise was sta-

Table 1. Total population characteristics, with normal or high blood pressure at consultation. Quantitative variables are presented
as mean = standard deviation or median and interquartile range, according to their distribution

Variable

Age (years) 353+9.6
Female sex (%) 435
Body mass index (kg/m?) 26.8 + 14
Diabetes mellitus (%) 58(0.9)
Active smoking (%) 1167 (19.2)
Blood glucose (mg/dL) 92,2+ 16,6
Creatinine (mg/dL) 0.86+0.16
Total cholesterol (mg/dL) 189.7 + 37.6
HDL-c (mg/dL) 54.4 +13.5
LDL-c (mg/dL) 113.1 +32.8
Triglycerides (mg/dL) 92 (67-132)

Normal BP at HTN at consultation
Consultation (n=576)
(n=5495)
34.9+9.7 38.9+8.5 <0.001
46.6 32.3 <0.001
26.5+14.4 30.5+6.8 <0.001
49(0.9) 9(1.6) 0.115
1058 (19.2) 109 (18.9) 0.911
91,8+ 15,4 96,2 + 25,1 <0,001
0.86+0.16 0.89+0.17 <0.001
188.8+37.4 198.7+32.6 <0.001
54.8+13.6 50.7+11.9 <0.001
112.4+32.6 120.5+33.7 <0.001
90 (66-128) 115 (83-168) <0.001

BMI: body mass index; BP: blood pressure; HDL-c: High density lipoprotein cholesterol; HTN: hypertension; LDL-C: Low density lipoprotein choles-

terol

Qualitative variables are presented as percentages and quantitative variables as mean + standard deviation or median and interquartile range,

according to their distribution.
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tistically much higher in the HTNg compared with
normotensive individuals:8.3% vs. 1% (p<0.001).

Another relevant finding was the increase in LVMI
in the HTNg (66=16g/m?2 vs. 62.5+14.5g/m?, p<0.001)
suggesting a greater hemodynamic load in hyperten-
sive patients. Similarly, patients in the HTNg had a
statistically significant larger anteroposterior LA di-
ameter (35.9+5 mm vs. 33.9 = 4.9mm in the CTRLg,
p<0.001).

Multiple logistic regression analysis revealed that
several factors were independently associated with the
presence of HTN in the consultation. Age (OR 1.049,
95% CI 1.034-1.065), HDL-c (OR 0.985, 95% CI 0.973-
0.996), triglycerides (OR 1.002, 95% CI 1.000-1.003),
LA diameter (OR 1.048, 95% CI 1.019-1.078) and hy-
pertensive response on the stress test (OR 8,897, 95%

CI 5,151-15,367) were independently associated with
the presence of HTN. (Table 2)

DISCUSSION

Hypertension is the most common modifiable CVRF
with the greatest impact on CV health. In recent
years, various factors, such as unhealthy lifestyles,
greater obesity, and sedentarism, have contributed to
the increase in the incidence of HTN in younger popu-
lations. (10,11) Our findings show an important num-
ber of young individuals with HTN, which is signifi-
cantly associated with the presence of other CVRFs,
such as dyslipidemia, obesity, and DM. What is worry-
ing about these findings is that the diagnosis of HTN
in young people, which is often underestimated or de-
layed, and the lack of adequate treatment, can have a

Table 2. Variables associated with the finding of arterial hypertension. Multiple logistic regression.

Variable OR
Age 1.049
Male gender 0.793
BMI 1.004
FBG 1.001
HDL-c 0.985
TG 1.002
LA diameter 1.048
LVMI 0.999
Hypertensive response 8897

on the stress test

95% CI p
1.034-1.065 <0.001
0.592-1.064 0.122
1.000-1.008 0.069
0.995-1.007 0.789
0.973-0.996 0.009
1.000-1.003 0.010
1.019-1.078 0.001
0.990-1.007 0.745
5.151-15.367 <0.001

BMI: body mass index; FBG: fasting blood glucose; HDL-c: high density lipoprotein cholesterol; LA: left atrium; LVMI:
left ventricular mass index; OR: odds ratio; TG: triglycerides; 95% Cl: 95% confidence interval

Fig. 1. Percentage of patients with elevated blood pressure values at the consultation according to the

age group
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severe impact on long-term CV health. Traditionally,
youth has been considered to confer a certain degree
of protection against CVE. However, our results sug-
gest the opposite: age, in this context, does not always
act as a protective factor, and subclinical damage can
progress silently if early intervention is not provided.

The prevalence of HTN in people under 50 years
of age has shown a steady increase in recent decades.
New studies, such as the analysis of the National
Health and Nutrition Examination Survey (NHANES)
conducted between 2017 and 2020, reported a preva-
lence of 11.5% HTN in YA between 20 and 44 years of
age. (12) Moreover, other publications have highlight-
ed that the prevalence increases with age, and it has
been observed that HTN affects approximately 14.5%
of adults between 18 and 49 years of age. (13) These
data reflect the growing burden of CVRF among YA,
including obesity, sedentarism, and poor diet. In Ar-
gentina, the RENATA 2 study showed a prevalence of
18.5% HTN for men and 6.9% for women under 35
years of age, and between 37.9% and 19.5% among
those aged 36 to 44 years old. (14) Espeche et al. also
showed that this worrying situation could be magni-
fied in vulnerable populations in Argentina. (15) In
this context, our data coincide in revealing a high
prevalence of elevated BP in the clinic.

In this population of YA, detection of HTN in the
clinic was associated with an increase in LVMI which
is a well-known significant marker of CVR in patients
with HTN. (16,17) Schilacci et al. demonstrated that
LVMI was continuously related to an increased risk
of CVE. (18) It is interesting to remark that in this
study, age, male sex, and a LVMI in the upper quintile
were independent predictors of cardiovascular mor-
bidity and mortality. Our interpretation is that this
link is showing early signs of incipient target organ
damage, which should be taken into account in the
management of these patients. Another important
finding is the presence of enlarged LA diameter. This
echocardiographic finding is generally associated with
increased left ventricular end-diastolic pressure, rep-
resenting an atrial adaptation to pressure overload.
The presence of LA enlargement has been associated
with the incidence of CVE in YA. (19) Particularly in
young patients with HTN, the presence of an enlarged
LA increases the risk of stroke. (20) This relation-
ship could be explained by increased blood stasis and
the consequent formation of clots, although it is also
suspected that atrial enlargement may be promoting
the onset of atrial fibrillation. (21,22) Regardless of
whether an exact cause can be established, the pres-
ence of increased LA diameter as an independent
predictor in the multivariate analysis, is an alarming
finding in this population of young patients.

The exaggerated response to the stress test was
also a distinctive pattern associated with elevated
BP during the consultation. This phenomenon has
also been widely described previously. In a study by
Yzaguirre et al., it was observed that the exaggerated

response of SBP or DBP to moderate load (100W) is
an independent predictor of future development of
essential HTN. (23) In our population, the probabil-
ity of presenting an exaggerated BP response was 8
times higher in participants with HTN at the medi-
cal consultation, which was also associated with re-
duced exercise test performance. We consider this to
be another characteristic of these patients that should
be noted for close follow-up and eventual early treat-
ment.

We must consider some limitations of this study.
First, it was conducted in a single center population,
which may have influenced our results. In addition,
the participants have health coverage and may repre-
sent a socioeconomic bias, which we recognize as very
relevant when addressing the issue of HTN and CVRE.
Even with these limitations, we think our population
reflects the reality that many physicians face in their
regular office care when they find high BP.

CONCLUSION

In conclusion, our findings are consistent with other
reports of an increase in the prevalence of HTN in YA.
The association with other CVRF and the presence of
HMOD are an additional concern and a warning for
the care of this population. Improving detection, pre-
vention, and early treatment strategies are priorities
for preventing early CVE. Future studies with long-
term follow-up and measurement of CVE may define
the benefit of early detection of CVRE, together with
an appropriate preventive and therapeutic approach
to avoid future complications and reduce the burden
of CV disease in the general population.

Conflicts of interest
None declared.
(See authors' conflict of interests forms on the web).

REFERENCES

1. Park JB, Schiffrin EL. Small artery remodeling is the most preva-
lent (earliest?) form of target organ damage in mild essential hyper-
tension. J Hypertens 2001;19:921-30.
https://doi.org/10.1097/00004872-200105000-00013

2. Vasan RS, Pan S, Xanthakis V, Beiser A, Larson MG, Seshadri S,
et al. Arterial stiffness and long-term risk of health outcomes: the
Framingham heart study. Hypertension 2022;79:1045-56. https://
doi.org/10.1161/hypertensionaha.121.18776

3. Mauck GW, Smith CR, Geddes LA, Bourland JD. The meaning of
the point of maximum oscillations in cuff pressure in the indirect
measurement of blood pressure-part ii. J Biomech Eng 1980;102:28-
33. https://doi.org/10.1115/1.3138195

4. Yano Y, Stamler J, Garside DB, Daviglus ML, Franklin SS, Carne-
thon MR, et al. Isolated systolic hypertension in young and middle-
aged adults and 31-year risk for cardiovascular mortality: the Chica-
go Heart Association Detection Project in Industry study. J Am Coll
Cardiol 2015;65:327-35. https://doi.org/10.1016/j.jacc.2014.10.060
5. Liu J, Bu X, Wei L, Wang X, Lai L, Dong C, et al. Global burden
of cardiovascular diseases attributable to hypertension in young
adults from 1990 to 2019. J Hypertens 2021;39:2488-96. https://doi.
0rg/10.1097/hjh.0000000000002958

6. Rietz H, Pennlert J, Nordstrom P, Brunstrom M. Prevalence, time-
trends and clinical characteristics of hypertension in young adults:



176

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 93 N° 1/ FEBRUARY 2025

nationwide cross-sectional study of 1.7 million Swedish 18-year-olds,
1969-2010. J Hypertens 2022;40:1231-8.
https://doi.org/10.1097/hjh.0000000000003141

7. Pearson TA, Palaniappan LP, Artinian N'T, Carnethon MR, Criqui
MH, Daniels SR, et al. American Heart Association Council on Epi-
demiology and Prevention. American Heart Association guide for im-
proving cardiovascular health at the community level, 2013 update:
a scientific statement for public health practitioners, healthcare
providers, and health policy makers. Circulation. 2013;127:1730-53.
https://doi.org/10.1161/CIR.0b013e31828{8a94

8. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive Summary of The Third
Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA
2001;285:2486-97.https://doi.org/10.1001/jama.285.19.2486

9. Lipsy RJ. The National Cholesterol Education Program Adult
Treatment Panel III guidelines. J Manag Care Pharm 2003;9(1 Sup-
pl):2-5. https://doi.org/10.18553/jmcp.2003.9.s1.2.

10. Carey RM, Wright JT Jr, Taler SJ, Whelton PK. Guideline-
Driven Management of Hypertension: An Evidence-Based Update.
Circ Res 2021;128:827-46. https://doi.org/10.1161/CIRCRESA-
HA.121.318083.

11. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG, Ben-
jamin EJ, et al. Aortic pulse wave velocity improves cardiovascular
event prediction: an individual participant meta-analysis of pro-
spective observational data from 17,635 subjects. J Am Coll Cardiol
2014;63:636-46. https://doi.org/10.1016/j.jacc.2013.09.063

12. Aggarwal R, Yeh RW, Joynt Maddox KE, Wadhera RK. Cardiovas-
cular Risk Factor Prevalence, Treatment, and Control in US Adults
Aged 20 to 44 Years, 2009 to March 2020. JAMA 2023;329:899-909.
https://doi.org/10.1001/jama.2023.2307.

13. Sekkarie A, Fang J, Hayes D, Loustalot F. Prevalence of Self-Re-
ported Hypertension and Antihypertensive Medication Use Among
Adults - United States, 2017-2021. MMWR Morb Mortal Wkly Rep
2024;73:191-8. DOI: http://dx.doi.org/10.15585/mmwr.mm7309al.
14. Deluchi A, Majul C, ViCario A, Cerezo G, Fabregues G, on behalg
of the 2nd national registry of Hypertension (renata 2) investigators.
National Registry of Hypertension. Epidemiological Characteristics

of Hypertension in Argentina. The RENATA-2 Study. Rev Argent
Cardiol 2017;85:340-6.

15. Espeche WG, Marin M, Romero C, RennaN, S VissaniS, Blanco G,
et al. Estudio de prevalencia, conocimiento y control de la hiperten-
sién arterial en barrios vulnerables de Argentina. Hipertens Riesgo
Vasc 2024;41:78-86.https://doi.org/10.1016/j.hipert.2024.02.001

16. Casale PN, Devereux RB, Milner M, Zullo G, Harshfield GA,
Pickering TG, et al. Value of echocardiographic measurement of
left ventricular mass in predicting cardiovascular morbid events
in hypertensive men. Ann Intern Med 1986;105:173-8.https://doi.
org/10.7326/0003-4819-105-2-173

17. Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH.
Relation ofleft ventricular mass and geometry to morbidity and
mortality in uncomplicated essential hypertension. Ann Intern Med
1991;114:345-52.https://doi.org/10.7326/0003-4819-114-5-345

18. Schillaci G, Verdecchia P, Porcellati C, Cuccurullo O, Cosco C,
Perticone F. Continuous relation between left ventricular mass
and cardiovascular risk in essential hypertension. Hypertension
2000;35:580-6.

https://doi.org/10.1161/01.hyp.35.2.580.

19. Leung DY, Boyd A, Ng AA, Chi C, Thomas L. Echocardiographic
evaluation of left atrial size and function: current understanding,
pathophysiologic correlates, and prognostic implications. Am Heart
J 2008;156:1056-64.https://doi.org/10.1016/j.ahj.2008.07.021

20. Zhang S, Zuo P. Obesity-hyperlipidemia, Hypertension, and Left
Atrial Enlargement During Stroke in Young Adults. Neurologist
2023;28:386-90. https://doi.org/10.1097/NRL.0000000000000505.
21. Bakalli A, Georgievska-Ismail L, Koginaj D, Musliu N, Krasniqi
A, Pllana E. Prevalence of left chamber cardiac thrombi in patients
with dilated left ventricle at sinus rhythm: the role of transesopha-
geal echocardiography. J Clin Ultrasound 2013;41:38-45.https://doi.
org/10.1002/jcu.21953

22. Thomas L, Abhayaratna WP Left atrial reverse remodeling:
mechanisms, evaluation, and clinical significance. JACC Cardiovasc
Imaging 2017;10:65-77.https://doi.org/10.1016/j.jcmg.2016.11.003
23. Yzaguirre I, Grazioli G, Domenech M, Vinuesa A, Pi R, Gutierrez
dJ, et al. Exaggerated blood pressure response to exercise and late-
onset hypertension in young adults. BloodPressMonit2017;22:339-4.
https://doi.org/10.1097/MBP0000000000000293



I ORIGINAL ARTICLE
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ABSTRACT

Background: Excess weight, defined as body mass index (BMI) =25 kg/m?, is associated with increased cardiovascular risk. While
BMI is easy to obtain, medical professionals often rely on their own clinical perception.

Objectives: The aim of the present study was to 1) evaluate the concordance between subjective estimates and actual measurements,
2) analyze if there is agreement between BMI categories as determined by objective measurements and as perceived by physicians,
and 3) assess if there is inter-observer variability in subjective perceptions of weight, height and BMI category.

Methods: We conducted a prospective and observational study. Cohen's kappa index was used to analyze the degree of agreement
between observers. A value greater than 0.6 was considered "good correlation." The Bland-Altman test was used to evaluate the
differences between actual and estimated measurements. A difference greater than 5 kg in weight and greater than 5 cm in height
between the actual and estimated measurements was considered clinically significant.

Results: A total of 87 patients were evaluated; 54% were men. More than 58% of the subjective perceptions of weight and 44% of
height were significantly different from the objective measurements. The concordance between objective measurements of BMI and
subjective impressions was not good.

Conclusion: In more than half of the cases, subjective perceptions of physicians when calculating weight, height, and BMI are inap-
propriate. There is significant variability in clinical perceptions. It is essential to measure objectively in order to properly categorize
patients.

Keywords: Obesity - Excess weight - Anthropometric indices - Correlation
RESUMEN

Introduccion: El exceso de peso, definido como un indice de masa corporal (IMC) =25 kg/m2 implica un aumento del riesgo cardiovas-
cular. Si bien es una medida sencilla de obtener, los médicos utilizamos muchas veces nuestra propia impresion clinica.

Objetivos: 1) Evaluar si existe correlacion entre el peso y la altura obtenidos por estimacién subjetiva y las medidas reales; 2) anal-
izar si hay concordancia entre las categorizaciones del IMC por medidas objetivas y por impresiones subjetivas; 3) analizar si hay
variabilidad inter observador en las impresiones subjetivas de peso, altura y categorias del IMC.

Material y métodos: estudio prospectivo, observacional. Se utilizé la prueba Kappa de Cohen para analizar el grado de concordancia
entre los observadores, estableciendo como “buena correlacion” un valor mayor a 0,6, y el test de Bland Altman para evaluar las
diferencias entre las medidas reales y las estimadas. Se consideré clinicamente significativas una diferencia de peso mayor de 5 Kgy
de altura mayor de 5 cm entre las medidas reales y las estimadas.

Resultados: Fueron evaluados 87 pacientes, 54% varones. Mas del 58% de las impresiones subjetivas de peso y del 44% de las de altu-
ra fueron significativamente distintas a las objetivas. No hubo buena correlacién entre las categorias objetivas y subjetivas del IMC.
Conclusion: Las impresiones subjetivas de los médicos en el calculo del peso, altura e IMC son inapropiadas en mas de la mitad de los
casos y hay gran variabilidad entre las impresiones clinicas. Es imprescindible medir objetivamente para catalogar adecuadamente
a los pacientes.
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INTRODUCTION
Excess weight, defined as a body mass index (BMI)
= 25, affects more than 50% of the Western population
and 62.5% of the population of the World Health Or-
ganization Region of the Americas. (1) This issue has
emerged as a major public health concern in the 21st
century, underscoring its global health priority due
to its increasing prevalence and its association with
various complications such as type 2 diabetes, hyper-
tension, heart failure, dyslipidemia, osteoarthritis,
obstructive sleep apnea, depression and several types
of cancer. (2) Since 1975, obesity rates have almost
tripled, affecting people of all ages and social groups
worldwide and have increased by almost five times in
children and adolescents. (3) In Argentina, there has
been a clear upward trend in the prevalence of over-
weight and obesity across all age and social groups
over the years, particularly among the most socially
vulnerable groups (4) and has increased from the
third edition of the National Survey of Risk Factors
(ENFR), where it was 57.9%, to the fourth edition,
where it reached 61.6%. Clearly, the trend continues
to rise compared to the previous three editions. (5)
While other anthropometric measures are also cur-
rently used to better stratify the risk of excess body
fat and fat distribution is also considered, BMI is the
most validated and widely used tool worldwide. (6)
Although BMI can be easily calculated, it requires
the availability of a scale and an altimeter which may
not be present in all medical offices. Additionally, the
measurement process can be time-consuming. There-
fore, the trend is to rely on weight and height self-
reported by the patient or a family member. Alter-
natively, a BMI category is assigned according to the
subjective perception of the physician. The aim of the
present study was to 1) evaluate the concordance be-
tween subjective estimates of weight and height and
the actual measurements, 2) analyze if there is agree-
ment between BMI categories as determined by ob-
jective measurements and as perceived by physicians,
and 3) assess if there is inter-observer variability in
subjective perceptions of weight, height and BMI cat-
egory.

METHODS

We conducted an observational and cross-sectional study.
Hospitalized patients in the Cardiology Service who were
able to ambulate and could be weighed and measured were
included in the study. Pregnant patients and those with ca-
chexia, edema, ascites or heart failure were excluded.

Each patient was evaluated by three different physi-
cians. One physician performed the objective measurement
of weight and height and calculated the BMI according to
the formula. (7) The remaining two physicians examined the
patient at different times on the same day, each document-
ing their subjective assessment of the patient's weight and
height and BMI category on the record sheet.

The categories were established according to objective
criteria in underweight (UW) if BMI was < 18 kg/m?, nor-
mal weight (NW) if BMI was between 18.1 and 24.9 kg/m?,
overweight (OW) if BMI was between 25 and 29.9 kg/m?, and

obesity (O) if BMI was > 30 kg/m?2. All overweight or obese
patients were grouped together as "excess weight."

Statistical analysis

Qualitative variables are presented as percentages and were
compared with the chi-square test or Fisher's test. Quantita-
tive variables are presented as mean and standard deviation
(SD) or median and interquartile range (IQR). Cohen's Kap-
paindex was used to assess the agreement between the diag-
noses of the different BMI categories, considering the follow-
ing cut-off points < 0: poor, 0 - 0.20: slight, 0.21 - 0.40: fair,
0.41 - 0.60: moderate, 0.61 - 0.80: substantial and 0.81 - 1.0:
excellent. The Bland-Altman plot method was used to esti-
mate the differences in the measurements of the variables.
This analysis permitted the evaluation of both systematic
bias and the dispersion between the two methods evaluated.
A p value < 0.05 was considered statistically significant.

A difference greater than 5 kg in weight and greater
than 5 ecm in height between the actual and estimated meas-
urements, as well as between those estimated by different
operators was considered clinically significant. All the sta-
tistical calculations were performed using Stata 22 software
package.

Ethical considerations
Informed consent was not required since the information
was anonymized and obtained noninvasively.

RESULTS
A total of 87 patients were included; median age was
59 years (IQR 37-72) and 54% were men.

Table 1 shows the percentage of measurements
with significant variations (> 5 or 10 kg) in weight or
> 5 c¢m in height.

The Bland Altman plots (Figure 1) illustrate the
distribution of the subjective measurements compared
with the actual one and the distribution between sub-
jective perception 1 and 2.

In the objective calculation of BMI, 8 patients
(9%) were UW, 26 (30%) had normal weight NW, 35
(40%) OW and 18 (21%) were obese. Table 2 shows
the categories according to objective measurements
of the patients and how many of them are assigned
to other categories according to the subjective percep-
tion of the operators. The coincidence between the
objective determination and the subjective estima-
tion is remarked green. The underestimation of OW
stands out, in one third of the patients for observer
1 and almost 50% for observer 2. When the objective
determinations of NW and OW were compared with
the subjective determinations of observer 1, the sub-
jective determinations of observer 2 and the two sub-
jective determinations with each other, Cohen's kappa
indices ranged from 0.3 to 0.5, so the agreement was
low. Agreement was somewhat better in the extreme
categories: underweight and obesity (Table 3).

DISCUSSION

Excess weight is an epidemic in the Western world as-
sociated with increased risk of diabetes and cardiovas-
cular disease. A BMI = 25 kg/m? is the most common
tool used to define excess weight. While it is a simple
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Table 1. Percentage of significant differences between subjective perceptions of operators 1 and
2 versus actual measurements and those of operator 1 versus operator 2

Measurements DIF > 5 KG (%) DIF > 10 KG (%) DIF > 5 cm (%)
Subjective 1 vs. objective 60.92 29.1 44.8
Subjective 2 vs. objective 58.62 28.8 44.8
Subjective 1 vs. subjective 2 63.22 43.7 59.7

DIF: difference
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Fig. 1. Bland Altman plots for the analysis of differences in weight (top, in kg) and height (bottom, in cm) between the values
estimated by the different operators and measured values.

Table 2. Assignment to different BMI categories according to the subjective perceptions of operators 1 and 2

Subjective measurement 1 Subjective measurement 2
Objective NW ow NW ow
measurement
n 6(6.89) 37(42.53) 25(28.74) 19 (21.84) 6 (6.8) 42 (48.2) 21 (24.1) 17 (19.5)
Uw 8(9) - 0
NW 26 (30) 1
ow 35 (40) 5

0 wey 01

BMI: body mass index; NW: normal weight; O: obesity; OW: overweight; UW: underweight
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Table 3. Cohen's kappa indices for the different comparisons. An index >0.6 implies good concordance

Low weight Normal weight Overweight Obesity
Subjective 1 vs. objective 0.69 0.53 0.39 0.62
Subjective 2 vs. objective 0.53 0.37 0.13 0.39
Subjective 1 vs. subjective 2 0.64 0.53 0.17 0.44

measure to obtain, it is not typically collected during
physical examination because physicians generally
categorize patients based on the patient's self-report-
ed information or on their own clinical assessment.
While some reports indicate that self-reported weight
is generally consistent with measured weight, (8,9)
discrepancies have been observed in studies ranging
from 20 to 84%. (10-14) These inconsistencies have
been observed in self-reported BMI and in reports
from family members. This lack of association is in-
fluenced (among other factors) by sex, age and socio-
economic level. (15-17) Women tend to underestimate
their weight while men tend to overestimate their
height. It has also been demonstrated that, irrespec-
tive of other sociodemographic factors, there are dif-
ferences in the self-reported incidence of overweight
and obesity among the ethnic groups analyzed. (18)

As medical professionals, we recognize the impor-
tance of knowing our patients' weight to ensure prop-
er dosing of medications and their weight and height
to calculate BMI. We are trained to see many patients
and probably have the perception that our "clinical
insight" allows us to accurately "calculate" instead of
measuring. In addition, there is often a lack of time
and equipment for the correct measurement at the
time of consultation. As a result, most physicians who
are not specialized in nutrition or diabetes calculate
BMI instead of measuring it.

Our study revealed significant and clinically rel-
evant differences in both weight and height meas-
urements, with these subjective measurements being
erroneous in more than half of the patients. Addition-
ally, there is significant variability in the subjective
perception of physicians. Strikingly, the estimated
differences in weight and height between physicians'
impressions and the actual ones are significantly
greater than those observed in self-reported weight
and height. (19-21)

The assignment to a given BMI category based
on self-reported data compared to objective measure-
ment is also subject to bias and may lead to errors in
categorization (22,23). In this sense, physicians tend
to overestimate normal weight and underestimate
overweight. There is a higher probability of a cor-
relation between subjective perception and objective
measurement, as well as interoperator agreement, in
the extreme categories of underweight and obesity.

There are no similar studies in the literature, so

we cannot compare our results. However, due to the
high margin of error in subjective clinical assess-
ments, the low cost of necessary equipment, and the
ease of obtaining objective measurements, we believe
it is crucial to share our findings. This will help us cor-
rectly classify our patients and perform the necessary
interventions without avoidable biases.

CONCLUSIONS

In more than half of the cases, subjective percep-
tions of physicians when calculating weight, height,
and BMI are inappropriate. There is significant vari-
ability in clinical impressions between physicians, ex-
cept for obesity assessments, where there is greater
agreement between subjective and objective measure-
ments. However, the lack of correlation between nor-
mal weight and overweight ranges underscores the
importance of objective measurements for accurate
patient categorization.

Conflicts of interest
None declared.
(See authors' conflict of interests forms on the web).

REFERENCES

1. www.OPS/obesidad

2. Aguirre Ackermann M, Salinas MV, Torresani M, Cappelletti
AM, Cafaro L, Menéndez E, y cols. Consenso intersocietario para el
tratamiento de la obesidad en adultos en Argentina. RevSoc. Argent
Diabetes [Internet]. 202457(2Sup):3-47. Disponible en: https://revis-
tasad.com/index.php/diabetes/article/view/718

3. GBD 2019 Risk Factor Collaborators. Global burden of 87 risk
factors in 204 countries and territories, 1990-2019: a system-
atic analysis for the Global Burden of Disease Study 2019. Lancet
2020;396:1223-49. https://doi.org/10.1016/S0140-6736(20)30752-2
4. Tercera Encuesta Nacional de Factores de Riesgo para Enferme-
dades No Transmisibles, desarrollada por el Ministerio de Salud y
Desarrollo Social de la Nacién, en: http://www.msal.gob.ar/images/
stories/bes/graficos/0000000544cnt-2015_09_04_encuesta_nacional
factores_riesgo.pdf.

5. Ministerio de Salud y Desarrollo Social de la Naci6n. 4.a Encuesta
Nacional de Factores de Riesgo 2019. Disponible en: http://www.msal.
gob.ar/images/stories/bes/graficos/0000001622cnt-2019-10_4ta-en-
cuesta-nacional-factores-riesgo.pdf

6. Wu Y, Li D, Vermund SH. Advantages and Limitations of the Body
Mass Index (BMI) to Assess Adult Obesity. Int J Environ Res Public
Health 2024;21:757. https://doi.org/10.3390/ijerph21060757

7. Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure of
fatness. Int J Obes 1985;9(2):147-53.

8. Maukonen M, Mannist6 S, Tolonen HA. Comparison of Measured
versus Self-Reported Anthropometrics for Assessing Obesity in
Adults: A Literature Review. Scand. J. Public Health 2018;46:565—



OBJECTIVE VS. SUBJECTIVE DETERMINATION OF ANTHROPOMETRIC PARAMETERS / Yanina Castillo Costa et al. 181

79. https://doi.org/10.1177/1403494818761971

9. Chia YC, Ching SM, Ooi PB, Beh HC, Chew MT, Chung FE et
al. Measurement accuracy and reliability of self-reported versus
measured weight and height among adults in Malaysia: Findings
from a nationwide blood pressure screening programme. PLoS One.
2023;18(1):e0280483. https://doi.org/10.1371/journal.pone.0280483.
10. Hayes AJ, Clarke PM, Lung TW. Change in bias in self-reported
body mass index in Australia between 1995 and 2008 and the evalua-
tion of correction equations. Popul Health Metr 2011, 9: 53.  https:/
doi.org/10.1186/1478-7954-9-53.

11. Sherry B, Jefferds ME, Grummer-Strawn LM. Accuracy of ado-
lescent self-report of height and weight in assessing overweight sta-
tus: a literature review. Arch Pediatr Adolesc Med 2007;161:1154-61.
https://doi.org/10.1001/archpedi.161.12.1154

12. Eaton CB, Hendryx M, Li Y, Luo J, Manson JE, Margolis KL, et
al. Accuracy of Self-Reported Weight in the Women’s Health Initia-
tive. Public Health Nutr 2019;22:1019-28. https://doi.org/10.1017/
S$1368980018003002

13. Keith SW, Fontaine KR, Pajewski NM, Mehta T, Allison DB. Use
of self-reported height and weight biases the body mass index-mor-
tality association. Int J Obes 2011;35:401-8. https://doi.org/10.1038/
j0.2010.148.

14. Mourouti N, Kantaras B, Mouratidou T, Karaglani M, Giménez-
Legarre N, de Miguel-Etayo P, et al. Determinants of BMI under-
reporting in adults from families at high risk for type 2 diabetes in
Europe: The Feel4Diabetes study. J Public Health (Berl.) (2025).
https://doi.org/10.1007/s10389-025-02407-2

15. Kkeli N, Michaelides MP. Differences between self-reports and
measurements of weight in a Dutch sample. EUR J ENV PUBLIC
HLT. 2023;7(3):em0134. https://doi.org/10.29333/ejeph/12781

16. Connor Gorber S, Tremblay M, Moher D, Gorber B. A compari-
son of direct vs. self-report measures for assessing height, weight

and body mass index: a systematic review. Obes Rev 2007;8:307-26.
https://doi.org/10.1111/j.1467-789X.2007.00347 x.

17. Ko Y, Choi S, Won J, Lee YK, Kim DH, Lee SK. Differences in Ac-
curacy of Height, Weight, and BMI between Self-Reported and Mea-
sured. Epidemiol Health 2022;44 ¢2022024. https://doi.org/10.4178/
epih.e2022024

18. Roystonn K, Abdin E, Sambasivam R, Zhang Y, Chang S, Shafie
S, et al. Accuracy of Self-Reported Height, Weight and BMI in a Mul-
tiethnic Asian Population. Ann Acad Med Singap 2021;50:306-14.
https://doi.org/10.47102/annals-acadmedsg.2020183

19. Fayyaz K, Bataineh MF, Ali HI, Al-Nawaiseh AM, Al-Rifai' RH,
Shahbaz HM. Validity of Measured vs. Self-Reported Weight and
Height and Practical Considerations for Enhancing Reliability in
Clinical and Epidemiological Studies: A Systematic Review. Nutri-
ents 2024;16:1704. https://doi.org/10.3390/nu16111704.

20. Fry JM, Fry JM, Temple JB, Temple J. Discrepancies in Self-
Reported and Measured Anthropometric Measurements and Indices
among Older Australians: Prevalence and Correlates. BMC Public
Health 2022;22:928. https://doi.org/10.1186/s12889-022-14326-y

21. Freigang R, Geier AK, Schmid GL, Frese T, Klement A, Unver-
zagt S. Misclassification of Self-Reported Body Mass Index Catego-
ries. Dtsch Arztebl Int 2020;117:253-60. https://doi.org/10.3238/ar-
ztebl.2020.0253

22. Flegal KM, Kit BK, Graubard BI. Bias in Hazard Ratios Aris-
ing From Misclassification According to Self-Reported Weight and
Height in Observational Studies of Body Mass Index and Mortal-
ity. Am J Epidemiol 2018;187:125-34. https://doi.org/10.1093/aje/
kwx193.

23. Mai X, Sperrazza JN, Marshall BA, Hovey KM, Wactawski-
Wende J. Inaccurate self-report of height and its impact on misclas-
sification of body mass index in postmenopausal women. Menopause
2017;24:484-89. https://doi.org/10.1097/GME.0000000000000778



I ORIGINAL ARTICLE

Right Ventricular Function and Prognosis in Patients with Transthyretin
Amyloid Cardiomyopathy

Funcion ventricular derecha y prondstico en pacientes con cardiopatia amiloiddtica por
transtiretina
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ABSTRACT

Background: Transthyretin amyloid cardiomyopathy (ATTR-CM) is an infiltrative disease that impairs the diastolic and systolic
function of the heart, affecting both left and right chambers.

Objective: To evaluate the frequency of right ventricle (RV) function involvement and its prognostic impact.

Methods: A retrospective analysis of a cohort of 154 patients with ATTR-CM in a specialized cardiology center. Clinical, laboratory
and echocardiographic data, risk factors and cardiovascular events were collected. The relationship of RV function with prognosis
was assessed using the Cox proportional hazards model.

Results: Median age was 81 years (interquartile range, IQR, 75-85), and 95% of patients were men. Forty-seven percent of cases had
tricuspid annular plane systolic excursion (TAPSE) <17 mm and 52% had RV S-wave <9.5 cm/s. Mean pulmonary pressure was
40 mmHg (IQR 33-50), and 21.7% showed moderate-severe tricuspid regurgitation. During a median follow-up of 528 days (IQR
159-1004), total mortality was 19.3%, cardiovascular mortality 11.8%, hospitalization for heart failure (HHF) 30.5%, and incidence
of atrial fibrillation (AF) 30.4%. TAPSE was an independent predictor of total mortality (HR 0.847, 95% CI 0.730-0.983, p=0.028),
cardiovascular mortality (HR 0.725, 95% CI 0.600-0.875, p=0.001), HHF (HR 0.859, 95% CI 0.755-0.977, p=0.001), and AF (HR
0.841, 95% CI 0.727-0.972, p=0.019).

Conclusion: Right ventricular dysfunction is frequent in ATTR-CM. TAPSE, as a simple parameter, independently predicts mortal-
ity, cardiovascular events and AF in the mid-term.

Keywords: Cardiac amyloidosis - Right ventricle - Heart failure
RESUMEN

Introduccion: La cardiopatia amiloidética por transtiretina (CA-TTR) es una enfermedad infiltrativa que compromete la funcién
diastolica y sistdlica del corazdn, y afecta tanto las cavidades izquierdas como las derechas.

Objetivo: Evaluar la frecuencia de afectacion de la funcién del ventriculo derecho (VD) y su impacto pronéstico.

Material y métodos: Analisis retrospectivo de una cohorte de 154 pacientes con CA-TTR en un centro especializado en cardiologia.
Se recopilaron datos clinicos, de laboratorio y ecocardiograficos, factores de riesgo y eventos cardiovasculares. La relacién de la fun-
cién del VD con el pronéstico se evalué mediante el modelo de riesgos proporcionales de Cox.

Resultados: La edad mediana fue 81 anos (rango intercuartilico, RIC, 75-85), con 95% de hombres. El 47% present6 excursién sist6-
lica del plano del anillo tricuspideo (TAPSE) <17 mm y el 52% onda S del VD <9,5 cm/s. La presién pulmonar media fue 40 mmHg
(RIC 33-50), y el 21,7% mostré insuficiencia tricuspidea moderada-grave. Durante una mediana de seguimiento de 528 dias (RIC 159-
1004), la mortalidad total fue 19,3%, la mortalidad cardiovascular 11,8%, la hospitalizacién por insuficiencia cardiaca (HIC) 30,5%, y
la incidencia de fibrilacién auricular (FA) 30,4%. E1 TAPSE fue predictor independiente de mortalidad total (HR 0,847, IC95% 0,730-
0,983, p=0,028), mortalidad cardiovascular (HR 0,725, IC95% 0,600-0,875, p=0,001), HIC (HR 0,859, IC95% 0,755-0,977, p=0,001)
y FA (HR 0,841, IC95% 0,727-0,972, p=0,019).

Conclusién: La disfuncién del VD es frecuente en la CA-TTR. E1 TAPSE, como parametro simple, predice independientemente mor-
talidad, eventos cardiovasculares y FA a mediano plazo.

Palabras clave: Amiloidosis cardiaca - Ventriculo derecho - Insuficiencia cardiaca
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INTRODUCTION

Amyloid cardiomyopathy (ACM) is characterized by
the deposition of misfolded proteins in cardiac tissue,
leading to progressive dysfunction of the heart. In
its transthyretin-associated form (ATTR-CM), these
proteins adopt abnormal folding and form fibrillar ag-
gregates that accumulate mainly in the myocardium.
This process initially affects diastolic function, and in
advanced stages leads to heart failure (HF) with a sig-
nificant impact on patients' quality of life. (1-3)

Historically, attention in ACM has been focused
on left ventricular (LV) function, characterized by
the development of cardiomyopathy with restrictive
physiology. (4,5) The importance of the right ventri-
cle (RV)has been underestimated, despite its growing
recognition as a key determinant of prognosis in this
disease. (6,7) Right ventricular dysfunction not only
aggravates systemic venous congestion, but, together
with tricuspid regurgitation and elevated pulmonary
pressures, contributes to the functional and clinical
deterioration of patients. (8,9)

In this context, the aim of our study was to evaluate
the frequency of RV systolic dysfunction in patients
with ATTR-CM and its prognostic impact. A deeper
understanding of this alteration could improve risk
stratification and favor the implementation of more
effective therapeutic strategies aimed at optimizing
the prognosis and quality of life of patients.

METHODS

Study design

A retrospective observational study was performed using
data prospectively obtained from the electronic medical
records of patients at Instituto Cardiovascular de Buenos
Aires. Patients with ATTR-CM diagnosis under ambulatory
follow-up performed by physicians from the cardiomyopa-
thy clinic of the institution, were included between January
2011 and March 2024, according to the usual diagnostic cri-
teria in force during that period. (10) Baseline demographic,
clinical, laboratory, and echocardiographic data were collect-
ed, as well as risk factors and cardiovascular events before
and after the diagnosis of amyloidosis.

Confirmation of cardiac amyloidosis by transthyretin.
Transthyretin amyloid cardiomyopathy was defined as the
combination of typical echocardiographic imaging features
(e.g., wall thickness =12 mm) with grade 2 or 3 cardiac up-
take on *mTc-HMDP (hydroxymethylene diphosphonate)
scintigraphy, plus exclusion of clonal dyscrasia by serum free
light chain assay (Freelite, Binding Site) and immunofixa-
tion in blood and urine to detect a monoclonal component.
(11,12) Scintigraphy was performed in all patients with 20
mCi of *mTc-HMDP administered intravenously, taking pla-
nar images 2 hours after dose administration. The degree of
cardiac uptake in relation to bone tissue was assessed using
two methods: 1) Semi-quantitative procedure, following the
Perugini visual scale, where cardiac uptake was compared
with the sternum: grade 0 =no cardiac uptake, 1=cardiac
uptake less than the sternum, 2=cardiac uptake equal to the
sternum, 3 = cardiac uptake greater than the sternum; and
2) Quantitative procedure: heart-lung ratio.

The final diagnosis of ATTR-CM was based on the results
of clinical evaluation, electrocardiograms, echocardiograms

and scintigraphy, after exclusion of plasma cell disease (free
light chains, serum and urine immunofixation). (6,7) Mag-
netic resonance imaging with gadolinium was performed in
selected patients. In inconclusive cases, a tissue biopsy was
performed.

Objective

To evaluate the frequency of RV systolic function involve-
ment in our population with ATTR-CM and its prognostic
impact.

Definition of right ventricular function impairment

by echocardiography (Figure 1)

* Tricuspid annular plane systolic excursion (TAPSE) <17
mm

* Right ventricular S-wave by tissue Doppler imaging
(TDI) <9.5 cm/s. (13)

Events analyzed in the follow-up

* Hospitalization or urgent emergency department visit
for HF

* Development of atrial fibrillation (AF)

e Cardiovascular death

* All-cause mortality

Statistical analysis

Discrete variables were expressed as percentages and con-
tinuous variables were described using mean and standard
deviation (SD) or median and interquartile range (IQR), ac-
cording to normal or non-normal distribution, respectively.
Normality of distribution was assessed using the Kolmog-
orov-Smirnov method. Categorical variables were analyzed
using the Chi-square test or Fisher's exact test, and quan-
titative variables were analyzed with Student's t-test or the
Mann-Whitney U test, depending on the distribution.

Univariate analysis was performed with Cox regression,
including all variables biologically relevant to the event. Af-
ter confirming statistical significance, multiple Cox regres-
sion was performed using a backward selection strategy,
based on the Z value associated with each variable (Wald
test), estimated from the ratio of each coefficient over its
standard error. In this multivariate analysis, variables with
a level of statistical significance in the univariate analysis
with p <0.10 were included.

Event-free survival during follow-up was analyzed using
the Log-Rank test and plotted on Kaplan-Meier curves. Sta-
tistical significance was considered with p <0.05 (two-tailed
test). All data analyses were performed using IBM SPSS ver-
sion 29.0 software.

Ethical considerations

This study was evaluated and approved by the institutional
Ethics Committee. The study was registered in the PRIISA.
BA platform of the Ministry of Health of the Autonomous
City of Buenos Aires and was conducted in accordance with
national and international regulations for the protection of
research subjects, such as the latest version of the Declara-
tion of Helsinki, (14) Resolution 1480/2011 of the National
Ministry of Health, Law 3301 of the City of Buenos Aires,
and ANMAT Resolution 6677/10 and its amendments 4008
and 4009.

RESULTS

A total of 154 patients were included in the study, 95%
male (n=147), and with median age of 81 years (IQR
75-85). Most patients had comorbidities: 77% hyper-
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Fig. 1. Evaluation of the right ventricle. A: 4-chamber view of a patient with amyloid cardiomyopathy. B: Tricuspid annular plane
systolic excursion (TAPSE). C: Right ventricular S-wave. D: Estimation of pulmonary artery systolic pressure.

tension, 17% diabetes, 58% dyslipidemia and 41% had
a history of smoking or were ex-smokers. Regarding
other relevant conditions, 25% had coronary artery
disease and 8% previous coronary artery bypass graft-
ing (CABG). Twenty-seven percent of patients had a
permanent pacemaker (PPM) and only one patient
had an implantable cardioverter-defibrillator (ICD).
Atrial fibrillation was present in 53% of cases before
diagnosis. Among the red flags associated with ATTR-
CM, 6% had neuropathy, 29% carpal tunnel syndrome
and 6.5% narrow spinal canal.

Laboratory parameters showed a median N-ter-
minal pro-B-type natriuretic peptide (NT-proBNP) of
3800 ng/L. (IQR 1200-7600) and high-sensitivity tro-
ponin T of 62 ng/LL IQR 42-91), along with an esti-
mated glomerular filtration rate of 54 ml/min/1.73 m2
(IQR 40-68).

Echocardiogram showed a median left ventricular
gjection fraction (LVEF) of 50% (IQR 42-60), interven-
tricular septum (IVS) of 16 mm (IQR 14-19) and pos-
terior wall of 13 mm (IQR 12-15).

Median TAPSE was 17 mm (IQR 14-19), and RV
S-wave 9 cm/s (IQR 8-10). Median left atrial (LA)
area was 29 cm? (IQR 26-32). Tricuspid regurgitation
(TR) was mild in 47% of patients (n=67), moderate
in 17% (n=25) and severe in 4.2% (n=6). In 6.2% of
cases (n=9), patients had mild aortic stenosis, 10.3%
(n=15) moderate and 5.5% (n=8) severe. Sixty per
cent of patients (n=85) had mild mitral regurgitation,

17.5% (n=25) moderate, and there were no cases of
severe mitral regurgitation (Tables 1 and 2).

With respect to the study objective, 47% presented
TAPSE value <17 mm and 52% RV S-wave <9.5 cm/s.

Median follow-up was 528 days (IQR 159-1004),
during which total mortality was 19.3% and cardio-
vascular mortality 11.8%. In addition, 30.5% of pa-
tients were hospitalized for HF and 30.4% of those
free of AF at baseline developed this arrhythmia dur-
ing follow-up.

Univariate analysis identified TAPSE as an in-
dependent predictor of adverse clinical events. Even
after adjusting for multiple echocardiographic (LVEF,
IVS, LV lateral and medial S-wave, filling pattern, pul-
monary systolic pressure, RV S-wave and E/e” ratio),
demographic (age and sex) and clinical (previous HF,
diabetes, PPM, previous coronary artery disease, and
previous AF) variables, TAPSE remained as an inde-
pendent predictor of total mortality (HR 0.847; 95%
CI 0.730-0.983, p=0.028), cardiovascular mortality
(HR 0.725; 95% CI 0.600-0.875, p=0.001), hospitaliza-
tion for HF (HR 0.859; 95% CI 0.755-0.977, p=0.001)
and development of AF (HR 0.84; 95% CI 0.727-0.972,
p=0.019). (Figure 2)

DISCUSSION

This study evaluated a cohort of patients diagnosed
with ATTR-CM followed up by physicians from the
cardiomyopathy service of a single center in Argenti-
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Tabla 1. Population characteristics

Tabla 2. Baseline laboratory and echocardiogram characteristics

Variable Value

Male sex 147 (95.2%)
Age, years 81 (75-85)
Hypertension 126 (77.3%)
DM 29 (17.8%)
Dyslipidemia 95 (58.3%)
Smoking 66 (41.3%)
Stroke / TIA 20 (12.4%)
PCI 34 (21.1%)
CABG 14 (8.7%)
Coronary artery disease 41 (25.5%)
PPM 44 (27%,3)
VRS 10 (6.3%)
ICD 1(0.6%)
CRT 2 (1.3%)
Previous AF 82 (50.9%)
Neuropathy 9 (6.2%)
Carpal tunnel 46 (29.3%)
Narrow medullary canal 10 (6.5%)

AF: atrial fibrillation; CTA: coronary transluminal angioplasty; CABG:
coronary artery bypass grafting; CRT: cardiac resynchronization therapy,
DM: diabetes mellitus; ICD: implantable cardioverter-defibrillator; PCl:
percutaneous coronary intervention; PPM: permanent pacemaker; TIA:
transient ischemic attack; VRS: valve replacement surgery.

Quialitative variables are presented as frequency and percentage, and
quantitative as median and interquartile range.

na. The frequency of RV systolic dysfunction was ana-
lyzed in this population and its prognostic impact was
investigated. We consider it is important to highlight
three aspects of our work.

Firstly, it is relevant to know the prevalence of RV
impairment in our population. In the echocardiogram,
we found TAPSE <17 mm in 47% of patients and RV
S-wave < 9.5 cm/s in 52%, as an expression of right
ventricular dysfunction. In the study by Diane Bodez
et al. non-survivors showed worse RV systolic function
on echocardiography assessed by TAPSE and RV free
wall deformation. Significantly, RV free wall deforma-
tion was independently associated with all-cause mor-
tality in several multivariate Cox regression models,
with incremental prognostic value over conventional
parameters of RV function. (15) Right ventricular in-
volvement is common in patients with cardiac amyloi-
dosis. (16) It is proposed that this dysfunction may be
mediated by amyloid infiltration of the RV wall itself,
by increased afterload in cases of pulmonary hyper-
tension, and by ventricular interdependence.

Secondly, it is crucial to understand the role of the
right ventricle in the prognosis of patients with car-
diac amyloidosis. Right ventricular dysfunction, often
underestimated in clinical practice, plays a crucial
role in the progression of HF and in the development
of AF, probably due to pressure overload and fibro-

Variable Value

Laboratory
NT-proBNP, ng/L
Glomerular filtration rate, mL/min/1.73 m?

3800 (1200-7600)
54 (40-68)
Ultra-sensitive troponin T, ng/L 62 (42-91)

Echocardiographic characteristics

LVEF, % 50 (42-60)
VS, mm 16 (14-19)
PW, mm 13 (12-15)
LVDD, mm 44 (40-49)
LVSD, mm 30 ( 25-25)
Lateral S-wave, cm/s 5.8 (5- 6.8)
Medial S-wave, cm/s 4.65 (3.9- 5.4)
LA, cm? 29 (26-32)
Filling pattern
Prolonged relaxation 8(5.6%)
Pseudonormal 41 (29%)
Restrictive 34 (24%)
Monophasic 57 (40%)
TAPSE , mm 17 (14-19)
PASP, mmHg 40 (33-50)
RV S-wave, cm/s 9 (8-10)
E/e' ratio 16 (12-19)
Septal E, cm/s 5 (4-5.3)
Lateral E, cm/s 6.7 (5.3-8)
Tricuspid regurgitation
M 67 (47 %)
Mod 25 (17%)
S 6 (4.2%)
Aortic stenosis
M 9 (6.2%)
Mod 15 (10.3%)
S 8 (5.5%)
Mitral regurgitation
M 85 (60%)
Mod 25 (17.5%)
S 0 (0%)

LA: left atrium; IVS: interventricular septum; LVDD: left ventricular dia-
stolic diameter; LVSD: left ventricular systolic diameter; LVEF: left ven-
tricular ejection fraction; M: mild; Mod: moderate; NT-proBNP: N-termi-
nal pro-B-type natriuretic peptide; PW: posterior wall; PASP: pulmonary
artery systolic pressure; RV: right ventricular. S: severe; TAPSE: tricuspid
annular plane systolic excursion.

Qualitative variables are presented as frequency and percentage and
quantitative variables as median and interquartile range.

sis induced by amyloid infiltration. TAPSE, a simple
and widely available echocardiographic parameter,
emerged in our study as an independent predictor of
adverse clinical events even after adjusting for other
demographic and echocardiographic variables. Our
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Fig. 2. Prognostic value of TAPSE (tricuspid annular plane systolic excursion) for major events.

results are in the same direction of published data in
patients with light chain (AL) amyloidosis. (17-19) In
2007, Ghio et al. reported the association of TAPSE
<17 mm with BNP elevation and mortality in pa-
tients with AL amyloidosis. (17)

Finally, the findings of our study, which show an
inverse association between TAPSE and heart failure,
mortality, and atrial fibrillation events in patients
with ATTR-CM, reinforce its potential value as a
prognostic tool in this disease. It is essential to have
a widely available and simple to obtain parameter, to
stratify risk in this population. Although our observa-
tional design does not allow us to establish causality,
the detection of RV dysfunction could motivate closer
clinical surveillance, favoring the early detection of
events such as AF, in which case timely intervention
-such as the initiation of anticoagulation- could have a
relevant clinical impact. (20,21)

Limitations

The retrospective and single-center nature of the
study limits the generalization of results, highlighting
the need to reproduce them in other cohorts. Further-
more, it was not possible to evaluate myocardial de-
formation parameters in all patients, which prevented
the inclusion of this variable, despite its recognized
diagnostic and prognostic value, as well as right ven-
tricular ejection fraction by a 3-dimensional method.
Nevertheless, the fact that simple and accessible pa-
rameters, such as TAPSE, demonstrate prognostic
value reinforces its clinical relevance.

CONCLUSION

Echocardiographic RV impairment is common in pa-
tients with ATTR, and TAPSE stands out as a simple
and accessible echocardiographic parameter, due to its
predictive capacity in the clinical course of these pa-
tients. A reduced TAPSE is associated with a higher
risk of total and cardiovascular mortality, hospitaliza-
tions for HF and development of AF in the mid-term,
highlighting the importance of its evaluation in clini-

cal practice for better risk stratification and disease
management.
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ABSTRACT

Background: Current clinical practice guidelines show limitations regarding patients over 80 years of age due to their underrepre-
sentation in clinical trials and the complex interaction between frailty, multimorbidity, polypharmacy and cardiovascular events.
Objectives: The aim of this study was to discuss existing management gaps and to establish recommendations for this population,
through discussion with referring physicians in cardiology and geriatrics.

Methods: A meeting was held using structured consensus methodology in roundtables assembling 34 cardiologists and 6 geriatri-
cians to analyze different clinical scenarios: frailty, polypharmacy, cardiovascular prevention, heart failure, atrial fibrillation and
acute coronary syndromes. Management strategies were evaluated according to three categories (robust, mild frailty and moderate
frailty) by structured discussion and anonymous voting. In this publication we present the results obtained in the first four scenarios.
Results: An inverse association was observed between therapeutic intensity and degree of frailty. Most physicians considered it
relevant to assess frailty and extracardiologic medication, and to evaluate deprescribing during follow-up. In cardiovascular preven-
tion, acceptance of lipid-lowering treatment initiation decreased significantly with increasing frailty (82.1% in robust vs. 23.1% in
moderate frailty), whereas deprescription of statins increased (23.1% in robust vs. 41% in moderate frailty). In heart failure with
preserved ejection fraction, gliflozins showed high acceptance in patients without volume overload (94.6% in robust vs. 54.1% in
moderate frailty). For patients with reduced ejection fraction, initiation of quadruple therapy decreased significantly with frailty
(45.9% in robust vs. 2.7% in moderate frailty), whereas maintenance of treatment in recovered ejection fraction decreased as frailty
increased (91.9% in robust vs. 59.5% in moderate frailty).

Conclusions: The degree of frailty significantly influenced therapeutic decision-making in octogenarian patients, with a trend to-
wards more conservative approaches as the degree of frailty increases. These findings suggest the need for treatment algorithms
stratified by frailty and highlight the importance of incorporating comprehensive patient assessment into cardiovascular care pro-
tocols.

Keywords: Frailty - Comprehensive cardiology assessment - Evidence gaps - Cardiovascular disease - Older adults
RESUMEN

Introduccion: Las guias de préactica clinica actuales muestran limitaciones respecto de los pacientes mayores de 80 afios debido a su
baja representacién en ensayos clinicos y la compleja interaccién entre fragilidad, multimorbilidad, polifarmacia y eventos cardio-
vasculares.

Objetivos: Discutir brechas en el manejo y establecer recomendaciones para esta poblacién, mediante discusién con médicos refer-
entes en cardiologia y geriatria.

Material y métodos: Se realizé una reunién mediante metodologia de consenso estructurado a través de mesas redondas (round-
tables) para la cual se convocé a 34 cardiélogos y 6 geriatras y se analizaron diferentes escenarios clinicos: fragilidad, polifarmacia,
prevencién cardiovascular, insuficiencia cardiaca, fibrilacién auricular y sindromes coronarios agudos. Las estrategias de manejo se
evaluaron segun tres categorias (robusto, fragilidad leve, fragilidad moderada) mediante discusién estructurada y votacién anénima.
En esta publicacién presentamos los resultados obtenidos en los primeros cuatro escenarios.
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Resultados: Se observé asociacion inversa entre la intensidad terapéutica y el grado de fragilidad. La mayoria consider6 relevante
evaluar fragilidad, la medicacién extracardiolégica y pensar en deprescripciéon durante el seguimiento. En prevencion cardiovascular,
la aceptacién del inicio de tratamiento hipolipemiante mostr6é un descenso significativo con el incremento de la fragilidad (82,1%
en robusto vs 23%,1% en fragilidad moderada), mientras que aument6 la deprescripcién de estatinas (23,1% en robusto vs 41% en
fragilidad moderada). En insuficiencia cardiaca con fraccion de eyeccién preservada, las gliflozinas mostraron alta aceptacién en pa-
cientes sin sobrecarga (94,6% en robusto vs 54,1% en fragilidad moderada). Para pacientes con fraccion de eyeccién reducida, el inicio
de la cuadruple terapia disminuy6 significativamente con la fragilidad (45,9% en robusto vs 2,7% en fragilidad moderada), mientras
que el mantenimiento del tratamiento en fraccién de eyecciéon recuperada disminuyé a medida que aumentaba la fragilidad (91,9%
en robusto vs 59,5% en fragilidad moderada).

Conclusiones: El grado de fragilidad influy6 significativamente en la toma de decisiones terapéuticas en pacientes octogenarios, con
una tendencia hacia abordajes méas conservadores a medida que aumenta el grado de fragilidad. Estos hallazgos sugieren la necesi-
dad de algoritmos de tratamiento estratificados por fragilidad y destacan la importancia de incorporar la valorizacién integral del
paciente en los protocolos de atencién cardiovascular.

Palabras clave: Fragilidad - Valoracién integral en cardiologia - Brechas en la evidencia - Enfermedad cardiovascular - Adultos

mayores

INTRODUCTION

In people over 80 years of age, multiple factors limit
the application of the different cardiovascular practice
guidelines. This population faces higher mortality, a
frequently compromised quality of life and, in addi-
tion, is underrepresented in the different clinical tri-
als, generating gaps in the evidence.

The main challenges include the discrepancy be-
tween chronological and biological age, multimorbid-
ity, atypical presentation of cardiovascular diseases
often influenced by geriatric syndromes, and variable
therapeutic response.

Another characteristic in this population group is
the heterogeneity within the functional continuum,
which includes robustness, frailty, disability, and ter-
minality. In a context of growing life expectancy and
increasing prevalence of cardiovascular diseases, it is
a priority to identify these gaps in order to improve
outpatient clinical management and outcomes. (1-6)

Roundtables are an effective tool for discussing
controversial scenarios and promoting consensuses
applicable to clinical practice.

OBJECTIVES

To address this problem, the Cardiogeriatrics Council
of the Argentine Society of Cardiology proposed and
organized the first national roundtable that brought
together referring physicians. The following scenar-
ios were selected for this first meeting: frailty, poly-
pharmacy, cardiovascular prevention, heart failure,
atrial fibrillation and acute coronary syndromes.
The objectives of the meeting were to discuss gaps in
management and establish recommendations for this
population, to promote a critical analysis of existing
guidelines, and to explore strategies adapted to local
needs. In the present publication we present the re-
sults obtained in the first four scenarios

METHODS

The roundtable was held in person in June 2024 in the city
of Buenos Aires, Argentina, and was attended by 40 refer-
ring physicians, 34 cardiologists and 6 geriatricians, with
recognized clinical and academic careers.

The methodological process was structured in three
stages to systematically address the knowledge gaps.

-Gap identification: In this initial phase, the organ-
izing team of the Cardiogeriatrics Board of Directors con-
ducted an exhaustive review of recent literature and clinical
practice guidelines. This analysis allowed the identification
of areas with insufficient evidence in the management of
cardiovascular diseases in older adults and to draw up a pre-
liminary list of gaps in knowledge.

-Scenario design: In this stage, the usefulness of vari-
ous frailty tools and diagnostic and therapeutic strategies in
patients over 80 years of age were discussed and analyzed. In
scenarios with comorbidities, the condition was postulated
to be stable, without terminal pathology. It was decided to
divide this population into robust, mild frailty and moder-
ate frailty, because they are different conditions in terms
of prognosis and treatment. Based on the proposed clinical
scenarios, the different rounds were designed. Selected lit-
erature was sent to the participating physicians and voting
forms were designed for records that would be used during
the discussion.

-Table of discussion and consensus: Finally, the
meeting was conducted through a structured methodology
that combined open discussion and then anonymous voting.

All these stages sought to ensure a comprehensive and
systematic approach, aimed at generating practical recom-
mendations to optimize cardiovascular management in el-
derly people.

In each case, the degree of recommendation is presented
on a scale ranging from recommended to not recommended
(Figure 1).

Discussion scenarios:

Round 1: Frailty

The bidirectionality between frailty and cardiovascular dis-
ease is influenced by pathophysiological mechanisms and
common risk factors. In turn, treatment of cardiovascular
disease impacts on frailty and vice versa. (7-10)

Frailty has been incorporated into cardiology guidelines
as a variable that conditions the evolution and treatment
in different scenarios, including prevention. The guidelines
include it from a multidomain approach with a person-cen-
tered perspective and adapted to different clinical scenarios,
although despite this, both in practice and in studies, the use
of the functional frailty model continues to be prioritized.
Lack of a universal definition, multiple assessment tools, the
proposal of a functional phenotype and another based on the
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accumulation of deficits, has conditioned its use to date in
clinical practice. (11)

Results: The relevance of detecting frailty in patients
with cardiovascular disease was discussed, and 100% of par-
ticipants agreed on its importance. Functional assessment
was considered more relevant by 32.5% of participants and
50% reported using some screening method to assess frail-
ty. More than half (55%) considered the use of frailty tools
oriented to specific diseases to be more appropriate, 22.5%
did not consider this option and 22.5% were in doubt. If a
multi-domain assessment tool had to be chosen, 35% would
opt for the Clinical Frailty Scale (CFS), (12) 20% for the
Comprehensive Geriatric Assessment-Frailty Index (CGA
IF), (13) 15% for the Edmonton Frailty Scale, (14) 12.5% for
the Frail-VIG index (15) and 17.5% would prefer a simple
screening of each domain (Annex 1).

Opinion: Although all the participants considered the
importance of detecting frailty in cardiology, only 50% used
some type of frailty screening (it should be noted that 6 of
the participants were geriatricians). It is relevant to note
that only 32.5% believe it is more important to evaluate
frailty from a functional approach.

The Cardiogeriatrics Council promotes multidomain as-
sessment, which includes the functional component, with
a person-centered approach. Although no agreement was
reached at the meeting on which tool to use, we understand
frailty as a global condition of the patient and prefer com-
prehensive assessment tools rather than those specific to
each pathology. Not having reached agreement on this point
opens the way for future research (Figure 2).

Round 2: Polypharmacy
Multimorbidity and polypharmacy are highly prevalent in
this population group. (16)

Their association with frailty exponentially increases the
likelihood of major adverse cardiovascular events and poor
adherence to treatment. (17,18) The criteria for appropriate
prescribing and potentially inappropriate drugs described
for the elderly are not frequently used in cardiology practice.

Results: The evaluation of extracardiac medication was
relevant for all participating physicians and 97.5% think of
deprescribing drugs during follow-up.

In 75% of cases, participants would use STOPP/START
(19,20) and BEERS (21) criteria and 87.5% found it interest-
ing to generate our own criteria on inappropriate prescrip-
tion (Annex 1).

Opinion: From the Council, we emphasize the impor-
tance of evaluating the patient's total medication, assess-
ing appropriate prescription, encouraging deprescribing of
potentially inappropriate drugs, and the search for criteria
that facilitate their application in daily practice at the local
level. This motivated us to work on a project on appropriate
medication in cardiovascular therapeutics (MATE, in pro-
gress). (Figure 3).

Round 3: Primary cardiovascular prevention

The 2023 SAC guideline on cardiovascular prevention ques-
tions the use of cardiovascular risk (CVR) scores as they are
not validated in the Argentine population. (22) However,
the use of scores in primary prevention in validated popula-
tions is useful and necessary and is a IC recommendation in
the guidelines. Within the IC recommendations, frailty and
other morbidities are included as risk modulators. (23) A 10-
year CV risk estimation using the SCORE2-OP for patients
over 70 years of age, strongly recommends the evaluation of
the treatment risk/benefit, the presence of frailty and other
risk modifiers, polypharmacy and patient preferences.(24)
The use of validated scores in this patient population has an
impact on therapeutic decisions.

The European guidelines recommend the use of statins
in patients over 70 years of age at high or very high risk (ITb
recommendation) based mainly on the analysis of age sub-
groups of the JUPITER and HOPE-3 studies. (25) On the
other hand, the American guidelines recommend their use
in patients over 75 years of age at high risk (IIb recommen-
dation), incorporating the use of calcium scoring by means of
coronary angiography as a risk modifier. (26)

Results: The usefulness of CVR scores was considered to
be inversely proportional to the degree of frailty: 66.7% in
robust patients, 46.2% in mild frailty and 25.6% in moderate
frailty.

A hundred percent of participating physicians considered
frailty as a CVR modifier. The relevance of these modifiers
in clinical decision making reached 84.6% in both robust and
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Fig. 3. Polypharmacy

Importance of extracardiological medication
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Use STOPP/START and BEERS criteria in cardiological practice

v

Own criteria from existing ones on inappropriate prescribing

mild frailty patients, dropping to 64.1% in moderate frailty
(with 33.3% doubt/indecision in this scenario).

Regarding the initiation of lipid-lowering treatment, ac-
ceptance showed a descending gradient according to frailty:
82.1% in robust patients, 69.2% in mild frailty and 23.1% in
moderate frailty, with significant uncertainty (51.3%) in the
latter group.

Screening for subclinical atherosclerosis was accepted by
64.1% of participants in robust patients, 56.4% in mild frail-
ty (30.8% of doubt) and 20.5% in moderate frailty (43.6% of
doubt).

In the case of statin prescription in primary prevention
with documented subclinical atherosclerosis, acceptance
was 76.9% in robust patients (12.8% of doubt), 64.1% in
mild frailty (15.4% of doubt) and 38.5% in moderate frailty
(28.2% of doubt).

Statin deprescribing with documented subclinical ather-
osclerosis was considered in 23.1% of robust patients, 20.5%
with mild frailty and 41% with moderate frailty. (Annex 1).

Opinion: As we can see, the lack of evidence in older pa-
tients limits decisions, whether from risk stratification with
scores or their use in primary prevention.

Although the guidelines postulate frailty as a modifier
of CVR, and taking into account that frailty increases the
risk of major events, the indication for statins decreased as
the degree of frailty increased, even in the presence of sub-
clinical atheromatosis. (27,28) The board recommends the
use of statins in these groups of patients while the evidence
progresses (Figure 4).

Round 4: Heart failure

Heart failure (HF) represents a major epidemiological chal-
lenge with a high number of hospitalizations, deterioration
in quality of life and high morbidity and mortality. Multi-
morbidity, polypharmacy and frailty are highly prevalent in
both aging and HF, to which we must add the heterogeneity
of this population and their longer life expectancy, turning
decision-making difficult.

Frailty may affect up to 45% of HF patients and, in turn,
increases the risk of HE. (29)

Symptoms are often assumed to be part of aging, which
generates difficulty and delay in their diagnosis. Moreover,
in this group of patients the cut-off values of natriuretic pep-
tides for diagnosis are higher and are strongly influenced by

renal function and other comorbidities, which often reduces
their degree of certainty. (30)

Heart failure with preserved left ventricular ejection
fraction (HF-pEF) is a complex clinical syndrome affected
by comorbidities, and it is also multicausal, since it can be
a manifestation of cardiovascular dysfunction or a combina-
tion with other morbidities. At the time of the Round Table
discussion, the specific therapy was reduced to gliflozins.
(31) The publication of the FINEARTS-HF study with finer-
enone was later. (32)

In HF with reduced left ventricular ejection fraction
(HF-rEF), quadruple therapy is the cornerstone of treat-
ment with class IA indication (33-35).

a. HF-pEF

Results: The indication of gliflozins in patients without vol-
ume overload was accepted by 94.6% of participants in ro-
bust patients, 86.5% in mildly frail patients and 54.1% in
moderately frail patients (40.5% of doubt). In the scenario
of creatinine clearance between 20 and 30 ml/min, 78.4%
would indicate them in robust patients (16.2% of doubt),
45.9% in mildly frail patients (43.2% of doubt) and 24.3% in
moderately frail patients (51.4% of doubt).

In patients with atrial fibrillation (AF) and obesity, the
use of glucagon-like peptide 1 receptor agonists (GLP-1 RA)
had an acceptance rate of 40.5% in robust, 16.2% in mildly
frail and 5.4% in moderately frail patients. Uncertainty was
29.7%, 45.9% and 32%, respectively.

The usefulness of the N-terminal pro B-type natriuretic
peptide (NT-proBNP) as a diagnostic tool was accepted by
59.5% of participants for robust, 48.6% for mildly frail and
40.5% for moderately frail patients, with 21.6% were in
doubt about its usefulness in robust, and 29.7% in mild and
moderate frailty (Annex 1).

b. HF-rEF

Results: Simultaneous initiation of the four therapeutic pil-
lars in the absence of clinical signs of HF showed an accept-
ance rate of 45.9% in robust, 27% in mildly frail, and 2.7%
in moderately frail patients (24.3%, 29.7%, and 35.1%, re-
spectively). In the pharmacological prioritization, in the 3
scenarios, gliflozins emerged as the first option, followed by
sacubitril valsartan and mineralocorticoid receptor antago-
nists.
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Fig. 4. Primary cardiovascular prevention
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ASCVD: atherosclerotic cardiovascular disease; CVR: cardiovascular risk.

In the presence of a clearance <30 ml/min, in all three
scenarios, gliflozins were the drugs of choice with 81.1% ac-
ceptance for robust and mildly frail patients and 70.3% ac-
ceptance in cases of moderate frailty.

In patients with recovered left ventricular ejection frac-
tion, 91.9% of participating physicians would maintain treat-
ment in robust, 73% in mildly frail and 59.5% in moderately
frail patients, with a doubt rate of 8.1%, 24.3% and 21.6% for
the respective scenarios.

The implementation of palliative care from the diagnosis
of HF was supported by 32.4% for robust patients, 43.2% for
mild frailty (with an equal percentage of doubt) and 89.2%
for moderate frailty. The use of tools such as the NECPAL
(36) appeared to be useful in 43.2% for robust, 51.4% for
mildly frail and 64.9% for moderately frail patients.

Prioritizing intensive care management in the emer-
gency room over hospitalization had an acceptance rate of
around 64.9% in both robust and moderately frail patients
(Annex 1).

Opinion: In HF-pEF, the use of NT-proBNP as a tool was
not considered of great relevance, losing even more value as
the degree of frailty increases. We consider that in the case of
HF presentation and multimorbidity in this group, the diag-
nosis remains a major challenge. Regarding the prescription
of specific treatment with gliflozins, it had high acceptance
for robust and mildly frail patients and decreased by half in
moderate frailty, with a high percentage of doubts, and the
indication was somewhat lower in renal patients as frailty
increases.

Treatment of multimorbidity in HF-pEF is a priority,
together with potential decompensating causes. Following
appropriate prescribing criteria, we recommend considering
the use of gliflozins.

Concerning HFrEF, the upper range for inclusion in clin-
ical trials has typically been 75 + 5 years; for this reason, we
have very few data on randomly assigned interventions in
patients over 80 years of age. This could be one of the rea-

b >

Robust Mildly frail Moderately frail

Initiate treatment in dyslipidemia - - ’

» I» >

sons why simultaneous treatment with quadruple therapy
has been considered by less than half in robust patients, de-
creasing significantly to almost zero in moderate frailty, with
a relevant percentage of doubt as frailty increases. In both
HF-pEF and HF-rEF it has a generally consistent efficacy
in older individuals, where target doses could be attempted
with slow titration and close monitoring, considering that
the greater the frailty, the greater the risk of HF and its com-
plications and vice versa. There is also no evidence to sug-
gest that therapies should be discontinued or doses modified
in the context of frailty (Figures 5 and 6).

This shows how the degree of frailty conditions thera-
peutic decisions. As frailty increases, the indication for treat-
ment decreases, with greater uncertainty about the balance
between risks and benefits.

The observed results underscore the need to create clear
guidelines, design specific strategies, identify and individu-
alize clinical and hemodynamic profiles, in order to provide
adequate guidance for this population group.

Limitations

The main limitations derive from the methodology used,
based on expert consensus, which implies that the recom-
mendations reflect the experience and clinical judgment of
the participants. Although the group consisted of experts in
cardiology and geriatrics, most of them are not exclusively
dedicated to cardiogeriatrics. Therefore, it is necessary to
validate these recommendations in future studies to confirm
and adjust these findings in clinical practice. The approach
of multiple scenarios also limited the discussion time.

CONCLUSION

The number of elderly patients has increased signifi-
cantly, reaching 20% of the total population, and de-
mographic trends show that this population will in-
crease even more in the coming decades. The evidence
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and guideline recommendations for the management
of older patients are often not as robust and rigorous
as for younger patients (atypical presentations, pres-
ence of frailty, evidence gaps, etc.).

Aging is a complex and heterogeneous biological
process, where we can observe that chronological age
alone is not sufficient to define conducts. The results
show how frailty significantly conditions therapeutic
decisions in most scenarios, with a tendency towards
more conservative approaches as the degree of frailty
increases.

Frailty, unlike age, is a multidimensional and po-
tentially reversible concept that is associated with
poor clinical outcomes. To this end, it is crucial to ap-
proach frail patients with the necessary caution, but

avoiding excessive care that may lead to unfairly de-
nying them potentially beneficial treatments as in ro-
bust elderly patients.

Our goal is to incorporate frailty into the decision-
making analysis and as part of the treatment strategy.

This meeting highlighted the need for a multi-
center registry to know our population and to work on
the development of a multidomain frailty score that
combines the best tools. For this reason, the registry
of frailty, multimorbidity and polypharmacy (RAFA) is
under development.

It was also proposed to develop our own criteria,
based on existing criteria such as STOPP/START and
BEERS, to address appropriate and inappropriate
prescribing in patients with cardiovascular diseases.

Fig. 5. Heart failure with preserved left ventricular ejection fraction (HF-pEF)
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AF, atrial fibrillation; GLP-1, glucagon-like peptide-1 receptor agonists; NT-proBNP: N-terminal pro-B-type natriuretic peptide

Fig. 6. Heart failure with reduced left ventricular ejection fraction (HF-rEF)
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HF: heart failure; LVEF: left ventricular ejection fraction; NECPAL: need for palliative care; QT: quadruple therapy.
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The Council is currently working on this registry pro-
posal (MATE: Medication Appropriateness in Cardio-
vascular Therapeutics).

While progress is being made in more studies,
consensuses from referent scientific societies can pro-
vide guidance in current practice. For this reason, we
are planning the second Roundtable based on heart
failure, with the aim of generating recommendations
with expert opinion in this scenario.
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POLYPHARMACY YES |1 DOUBT NO
Do you find extracardiological medication important? 100 0 0
Do you think about deprescribing drugs in follow-up? 97.5 2.5 0
Do you think the STOPP/START and BEERS criteria could be used in cardiology practice? 75 22.5 2.5

Is it of interest to you that we make our own criteria from the existing ones on inappropriate prescribing? 87.5 7.5 5
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FRAILTY YES 1 DOUBT NO
Do you think it is necessary to detect frailty in patients with cardiovascular pathology? 100 0 0
After the above, do you think it is more relevant to assess functional over multicomponent frailty? 32.5 22.5 45
Do you find it appropriate to use pathology-specific frailty tools? 55 22.5 22.5
Do you regularly perform any frailty screening? 50 15 35

If you had to choose one frailty screening tool, which one would you choose?

Edmonton Frailty Scale 15
FRAIL VIG Index 12.5
CGA Fl (Comprehensive Geriatric Assessment-Frailty Index) 20
CFS (Clinical Frailty Scale) 35
I would prefer to perform a simple screening of each domain. 17.5
If we were to conduct a registry in search of a multidomain frailty tool, on polypharmacy and multimorbidity in 90 10 0

people over 60 years of age, would you/center participate?

CARDIOVASCULAR PREVENTION Robust Mild fragile Moderate fragile
1 DOUBT |1 DOUBT YES 1 DOUBT

Do you consider cardiovascular risk 66.7 20.5 12.8 46.2 28.2 25.6 25.6 30.8 43.6
scores to be useful?
Do you consider frailty as a modifier 79.5 10.3 10.3 100 0 0 923 7.7 0
of CVR?
Do you consider RCV modifiers 84.6 10.3 5.1 84.6 12.8 2.6 64.1 333 2.6
relevant for decision making?
Do you start treatment for dyslipi- 82.1 15.4 2.6 69.2 25.6 5.1 23.1 51.3 25.6
demia?
Does it make sense to screen for 64.1 17.9 17.9 56.4 30.8 12.8 20.5 43.6 35.9

subclinical ASCVD?

Do you prescribe statins in primary 76.9 12.8 10.3 64.1 15.4 20.5 38.5 28.2 333
prevention with subclinical ASCVD?

Do you deprescribe statins in primary 23.1 12.8 64.1 20.5 35.9 43.6 41 35.9 23.1
prevention with subclinical ASCVD?

HEART FAILURE WITH PRESERVED LVEF Robust Mild fragile Moderate fragile
1 DOUBT 1 DOUBT YES 1 DOUBT
Without volume overload, would 94.6 5.4 0 86.5 13.5 0 54.1 40.5 5.4
you indicate gliflozins?
Does a clearance of 20 to 30 indi- 78.4 16.2 5.4 45.9 43.2 10.8 243 51.4 243

cate glyflozins?

Would you use GLP-1 RA in obese 40.5 29.7 29.7 16.2 45.9 37.8 5.4 324 62.2
patients with AF?

NT-proBNP for Diagnostics? 59.5 21.6 18.9 48.6 29.7 21.6 40.5 29.7 29.7
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HEART FAILURE WITH REDUCED LVEF Robust Mild fragile Moderate fragile
YES 1 DOUBT YES 1 DOUBT YES |1 DOUBT
Without clinical signs of HF, do you 45.9 24.3 29.7 27 29.7 43.2 2.7 35.1 62.2
simultaneously initiate quadruple
therapy?

Which indicates 1st, 2nd and 3rd:
Antialdosteronics
Sacubitril valsartan

Glyflozines

Clearance < 30 ml/min:

Antialdosteronics 27 18.9 13.5

Sacubitril valsartan 40.5 40.5 40.5

Glyflozines 81.1 81.1 70.3

In LVEF recovery, do you mantain 91.9 8.1 0 73 24.3 2.7 59.5 21.6 18.9

the treatment?

Do you consider the introduction of 324 13.5 54.1 43.2 43.2 13.5 89.2 0 10.8
palliative care from diagnosis?

Would tools such as NECPAL be 43.2 29.7 27 51.4 35.1 135 64.9 24.3 10. 8
useful to you?

Do you prioritize intensive manage- 62.2 2.7 35.1 59.5 243 16.2 62.2 10.8 27
ment in the emergency room over
hospitalization?

AF: atrial fibrillation; ASCVD: atherosclerotic cardiovascular disease; CVR: cardiovascular risk; GLP-1 RA: glucagon-like peptide 1 receptor agonists;
HF: heart failure; LVEF: left ventricular ejection fraction; NECPAL: need for palliative care.
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ABSTRACT

Background: Risk stratification in type 2 diabetes mellitus (DM2) patients constitutes a real clinical challenge.

Objectives: 1) To stratify cardiovascular risk in a population with DM2 in primary prevention, using different risk scores; 2) To
describe the prevalence of atherosclerotic carotid plaque (ACP); 3) To analyze the correlation and concordance between the different
risk scores; and 4) To evaluate the discriminative capacity of the different scores to identify the presence or absence of ACP.
Methods: Observational, cross-sectional, multicenter study. Patients with DM2 in primary prevention without lipid-lowering treat-
ment were included. The following risk scores were calculated: Framingham scores for cardiovascular disease (FrCVD) and for
coronary heart disease (FrCHD), the 2018 ACC/AHA (AHA2018), PREVENT (AHA2023) and Diabetes-2 (S2-DBT) scores, and
UKPDS scores for fatal coronary heart disease (UKPDS-FCHD), non-fatal coronary heart disease (UKPDS-NFCHD), fatal stroke
(UKPDS-FS) and non-fatal stroke (UKPDS-NFS). Correlation and concordance between them were evaluated. The discriminative
capacity of the different scores for PAC prediction was analyzed using ROC curves.

Results: A total of 170 patients were included in the study, (mean age of 61.2+10.8 years, 58.8% men). The proportion of patients
classified as at least high risk was 71.2%, 39.9%, 43.6%, 23.9%, 20.9%, 53.4%, 9.8% and 49.7% when the FrCVD, FrCHD, UKPDS-
NFCHD, UKPDS-FCHD, UKPDS-NFS, AHA2018, AHA2023S and 2-DBT scores, respectively, were applied. No patient was clas-
sified with risk 220 % when using UKPDS-F'S score. A good correlation was observed between all scores assessed (Spearman s rho
values between 0.64 and 0.98). The overall agreement between the scores was fair (Fleiss Kappa coefficient of 0.38). The prevalence
of ACP was 50.6%, higher in the upper risk strata of all the scores evaluated. The analysis of the ROC curves showed a very good
predictive capacity of all the scores for ACP detection.

Conclusion: Cardiovascular risk was considerable for most of the scores evaluated, with an adequate correlation, but a fair concord-
ance between the different scores. A very good predictive ability of all scores for ACP detection was observed.

Key words: Diabetes mellitus - Cardiovascular risk - Cardiovascular risk factors - Atherosclerosis - Carotid artery disease - Data
correlation

RESUMEN

Introduccion: La estratificacién de riesgo en el paciente con diabetes mellitus tipo 2 (DM2) constituye un verdadero desafio clinico.
Objetivos: 1) Estratificar el riesgo cardiovascular en una poblacién con DM2 en prevencién primaria, utilizando diversos puntajes
de riesgo; 2) Describir la prevalencia de placa aterosclerética carotidea (PAC); 3) Analizar la correlacién y concordancia entre los
diferentes puntajes de riesgo; 4) Evaluar la capacidad discriminativa de las distintas puntuaciones para identificar la presencia o
ausencia de PAC.
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Material y métodos: Estudio observacional, de corte transversal y multicéntrico. Se incluyeron pacientes con DM2 en prevencién
primaria sin tratamiento hipolipemiante. Se calcularon los siguientes puntajes de riesgo: Framingham para enfermedad cardiovas-
cular (PF-CV) y para enfermedad coronaria (PF-Cor); ACC/AHA 2018 P-AHA2018; PREVENT P-AHA2023; SCORE2-Diabetes (PE2-
DBT); y los puntajes UKPDS para enfermedad coronaria fatal (P-UKPDS-ECF), enfermedad coronaria no fatal (P-UKPDS-ECNF),
accidente cerebrovascular fatal (P-UKPDS-ACVF) y no fatal (P-UKPDS-ACVNF). Se evalué la correlaciéon y concordancia entre
ellos. Se analiz6 mediante curvas ROC la capacidad discriminativa de los distintos puntajes para la predicciéon de PAC.

Resultados: Se incluyeron 170 pacientes [edad media 61,2 (10,8) anos, 58,8% hombres]. La proporcién de sujetos clasificados como
de al menos alto riesgo fue del 71,2%, 39,9%, 43,6%, 23,9%, 20,9%, 53,4%, 9,8% y 49,7% cuando aplicamos los PF-CV, PF-Cor,
P-UKPDS-ECNE P-UKPDS-ECF, P-UKPDS-ACVNE P-AHA2018, P-AHA2023 y PE2-DBT, respectivamente. Ningin paciente fue
clasificado con un riesgo =20 % al utilizar el P-UKPDS-ACVE. Se observé una buena correlacion entre todos los puntajes evaluados
(valores de coeficiente rho de Spearman entre 0,64 y 0,98). La concordancia global entre los puntajes fue regular (coeficiente Kappa
de Fleiss de 0,38). La prevalencia de PAC fue del 50,6 %, mayor en los estratos de mayor riesgo de todos los puntajes evaluados. El
analisis de las curvas ROC mostré una muy buena capacidad predictiva de todos los puntajes para la deteccién de PAC.

Conclusién: El riesgo cardiovascular observado fue considerable para la mayoria de las puntuaciones evaluadas; con una adecuada
correlacion, pero una concordancia regular entre los distintos puntajes. Se observé una muy buena capacidad predictiva de todos los
puntajes para la detecciéon de PAC.

Palabras clave: Diabetes mellitus - Riesgo cardiovascular - Factores de riesgo cardiovascular — Aterosclerosis - Enfermedad de las

arterias carétidas - Correlacion de datos

INTRODUCTION

In 2021, the global prevalence of type 2 diabetes mel-
litus (DM2) in people aged 20-79 years was estimated
to be 10.5%, representing approximately 537 million
individuals. (1) By 2045, the prevalence is projected
to increase by 12.2%, equivalent to 783 million peo-
ple. Healthcare costs associated with DM2, were es-
timated at $966 billion in 2021, and are projected to
increase to more than $1 trillion in 2045. According
to the Fourth National Survey of Risk Factors (2018),
the prevalence of DM2 in Argentina, based on self-
reporting, is 12.7%, which represents a significant
increase compared with previous editions of that re-
port. (2) This increase seems to be closely related to
the sustained growth in the prevalence of obesity in
the population.

Atherosclerotic cardiovascular disease continues
to be the main cause of morbidity and mortality as-
sociated with DM2, (3) approximately doubling the
risk of developing a wide variety of vascular diseases,
independently of conventional risk factors (4). In this
context, the CAPTURE study revealed that about one
in three patients with DM2 has established cardiovas-
cular disease. (5)

Based on early studies, the cardiovascular risk as-
sociated with DM2 was considered for many years to
be equivalent to that of coronary heart disease. (6,7)
However, with the emergence of new data, some au-
thors have questioned this premise. (8,9) Although it
is clear that patients with DM2 constitute a higher-
risk population, it is likely that not all of them present
the same level of vulnerability. In this context, the
use of various risk scores and additional tools, such
as the detection of subclinical atheromatosis, could
help to optimize cardiovascular risk stratification in
this population. (10) A more accurate estimation of
cardiovascular risk would allow better individualiza-
tion of prevention strategies, focusing interventions
of greater intensity (and greater costs) on subjects
at higher risk. Although there are several tools used
for cardiovascular risk estimation, and many of them
have been evaluated in our population, (11) two new

tools derived from the most widely used cohorts were
published in mid-2023. The first is the updated 2023
American College of Cardiology (ACC) and American
Heart Association (AHA) cardiovascular risk scores
designed for the general population (called PREVENT,
which we will refer to as AHA2023). The second is a
specific tool for the diabetic population, developed in
Europe, called SCORE2-Diabetes (which we will refer
to as S2-DBT). (12-14) So far, we do not know how
these tools would classify our patients with DM2,
their relationship with other tools, and their ability to
predict subclinical atherosclerotic disease.

Considering the above, the objectives of this work
were: 1) To stratify cardiovascular risk in a population
with DM2 in primary prevention, using different risk
scores; 2) To describe the prevalence of atherosclerotic
carotid plaque (ACP) in the different risk categories
defined by the scores used; 3) To analyze the corre-
lation and concordance between the different risk
scores; 4) To evaluate the discriminative capacity of
the different scores to identify the presence or absence
of ACP.

METHODS

An observational, cross-sectional, multicenter cohort study
was carried out, consecutively evaluating patients attending
the cardiovascular prevention clinics of five centers located
in the Autonomous City of Buenos Aires and the Province of
Buenos Aires.

Patients with a diagnosis of DM2, defined by at least
two fasting blood glucose values =126 mg/dl, blood glucose
=200 mg/dl at 2 hours after the oral glucose tolerance test,
or a glycosylated hemoglobin (HbAlc) value >6.4%, were in-
cluded. (15,16) Patients with a history of acute myocardial
infarction, coronary angioplasty, myocardial revasculariza-
tion surgery, stroke, peripheral vascular disease, as well as
patients receiving statin treatment were excluded. This last
exclusion was intended to allow baseline risk stratification
before any modification of the lipid profile, since this profile
is a key component in the calculation of cardiovascular risk.
Patients who were not receiving statins could have no medi-
cal indication or, more likely, could not be complying with
the treatment despite having an indication for their use.

Laboratory data, clinical history, and usual medica-
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tion were collected. Based on this information, the follow-
ing 10-year cardiovascular risk scores were calculated: the
Framingham score for cardiovascular disease (FrCVD) (17)
and for coronary heart disease (FrCHD); (18) the ACC/AHA
2018 (AHA2018) (19) and AHA2023 risk scores; (12,13,20)
the S2-DBT for low-risk population score; (14) and the Unit-
ed Kingdom Prospective Diabetes Study (UKPDS) scores for
fatal coronary heart disease (UKPDS-FCHD), nonfatal coro-
nary heart disease (UKPDS-NFCHD), fatal stroke (UKPDS-
FS), and nonfatal stroke (UKPDS-NFS). (21,22)

Given the availability of the method in all participating
centers and the evidence supporting the presence of ACP as
an independent predictor of coronary events, this tool was
chosen as a surrogate marker of clinical atherosclerotic dis-
ease. (23) Ultrasound was used as a noninvasive method for
ACP detection. Plaque characterization was based on the
presence of the following criteria: 1) abnormal wall thick-
ening (intima-media thickness >1.5 mm), 2) structural al-
teration (protrusion into the lumen or loss of alignment with
the adjacent wall), and 3) abnormal wall echogenicity. The
prevalence of ACP was compared between the different risk
strata (quartiles) according to each of the scores used.

A Receiver Operating Characteristic (ROC) curve analy-
sis was performed to determine the area under the curve
(AUC), with the aim of evaluating the discriminative capac-
ity of the different scores to identify the presence or absence
of ACP. To establish the optimal cut-off point (OCP) for each
score, the Youden index, defined as the maximum vertical
distance between the ROC curve and the statistical prob-
ability line, was used.

Statistical analysis

Continuous variables with normal distribution were ex-
pressed as mean and standard deviation (SD,) and as median
and interquartile range (IQR) for non-normal distribution.
Comparison between groups was performed using Student's
test in the case of normal distribution or the Mann-Whitney-
Wilcoxon test when this condition was not met. Categorical
variables were presented as percentages, and their compari-
son between groups was performed using the chi-square test.
Due to the non-normal distribution of the scores evaluated,
the correlation between the different risk scores was evalu-
ated using Spearman's rho correlation coefficient, and was
defined as null, poor, low, moderate, good or very good, if this
coefficient was 0.0-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, 0.81-
1. The overall and pairwise concordance between risk scores
was estimated according to the classification of patients into
categories of "low/moderate" or "high/very high" cardiovas-
cular risk, using the specific cut-off points defined for each
score. The Fleiss Kappa coefficient was used to determine
overall concordance and Cohen's Kappa coefficient for pair-
wise concordance, and were considered low, fair, moderate,
good and very good, if the coefficients were <0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, or 0.81-1, respectively. A value of two
tailed p<0.05 was considered statistically significant. Statis-
tical analysis was performed using R v 4.4.2 software. (24)

Ethical considerations

The present study was performed in accordance with the
ethical standards of the declaration of Helsinki (25), and the
law on personal data protection 25326. (26)

RESULTS

A total of 170 patients were included in the study, mean
age of 61.2 (10.8) years, 58.8% men. Mean HbAlc was

7.1 (1.3) and 14.9% were receiving insulin treatment.
Median time of DM2 evolution was 5 (2-10) years. A
total of 31.7% patients were overweight, 51.1% had
some degree of obesity, and only 1 out of 5 was at a
healthy weight. A total of 73.4 % had low-density li-
poprotein cholesterol (LDL-C) levels above 100 mg/dl.
In addition, 64.1 % of the patients had hypertension,
18.8 % were smokers and 3.6 % had a history of atrial
fibrillation. Table 1 shows population characteristics.

Median (IQR) values of FrCHD, FrCVD, S2-DBT,
AHA2018, and AHA2023 scores were 18 (10.3-27.0),
29 (16.5-47.8), 9.8 (6.7-13.0), 21.7 (9.5-37.0), and 10.0
(5.8-15.0), respectively. Similarly, according to the
UKPDS scores, the median values for coronary heart
disease (fatal and nonfatal), fatal coronary heart dis-
ease, stroke (fatal and nonfatal), and fatal stroke were
18 (10.5-29.1), 10.7 (5.2-19.3), 8.0 (3.7-15.9), and 1.1
(0.5-2.2), respectively.

The proportion of subjects classified as at least high
risk was 71.2%, 39.9%, 53.4%, 9.8%, and 49.7% when
applying the FrCVD, FrCHD, AHA2018, AHA2023,
and S2-DBT scores, respectively. Regarding the UK-
PDS models, the proportion of patients so categorized
was 43.6%, 23.9% and 20.9% when using UKPDS-
NFCHD, UKPDS-FCHD and UKPDS-NFS scores,
respectively. Of note, no patient was classified with a
risk = 20% when applying the UKPDS-FS score.

A significant correlation was observed between all
the scores assessed, with Spearman’s rho coefficient
values ranging from 0.64 to 0.98 (Figure 1A). How-
ever, despite this correlation, the overall concordance
between scores was fair, with a Fleiss Kappa coefficient
of 0.38. Pairwise agreement was evaluated for all the
scores, with the exception of the UKPDS-F'S score, be-
cause it classified all patients as "low/moderate risk"
and the categories could not be compared. Cohen's
Kappa coefficients are presented in Figure 1B.

Overall, the prevalence of ACP was 50.6%, with
a higher proportion in men than in women (60% vs.
37.1%, p=0.005). This prevalence increased progres-
sively in the higher risk strata (quartiles) in all scores
assessed. Although the highest prevalence was record-
ed in the upper quartile with the UKPDS-NFCHD and
AHA2023 scores (95.2% and 95.1%, respectively), the
range of variation within this quartile was relatively
narrow (81.4% - 95.2%) (Figure 2). Patients with the
presence of ACP were significantly older 62.7(7.7) vs.
55.1 (10.0) years, p <0.001, and with a lower propor-
tion of women (30.2% vs. 52.4%, p=0.005). In addi-
tion, they had more frequent hypertension, smoking
habit and a longer time of DM2 evolution compared
with the group without ACP. All cardiovascular risk
scores assessed showed significantly higher mean val-
ues in patients with ACP (Table 2).

Analysis of ROC curves showed a very good predic-
tive ability of all scores for plaque detection. The UK-
PDS scores presented practically identical AUC values
(= 0.88). Among the remaining scores, those that best
classified patients were the AHA2018, AHA2023, and
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Table 1. Total population characteristics, stratified by sex.

Continuous variables, mean (SD) Overall
or median (IQR) n=170
Age, years 61.2 (10.8)
Total cholesterol, mg/dL 200.7 (36.2)
LDL-C, mg/dL 121.1 (34.1)
HDL-C, mg/dL 45.7 (13.4)

Triglycerides, mg/dL 172.4(101.2)

Body mass index, Kg/m? 30.6 (5.7)
HbA1c, % 7.1(1.3)
DM2 evolution, years 5(2-10)

Categorical variables, n (%)

Female

n=70
61.0(11.3) 61.5(10.1) 0.761
202.7 (40.2) 197.8 (29.6) 0.384
126.3 (37.5) 113.9 (27.4) 0.021
41.8(10.4) 51.3(15.2) <0.001
184.3 (115.7) 155.4 (73.3) 0.067
29.9(5.2) 31.7 (6.1) 0.043
7.1(1.2) 6.9 (1.4) 0.328
6 (2-10) 4 (2-8) 0.101

Hypertension 109 (64.1)
Active smoking 32 (18.8)
Atrial fibrillation 6(3.6)

Zeiasr:éiilzehistory of early coronary artery 30(17.6)
ACP 86 (50.6)
Insulinized 25 (14.9)

70(70.0) 39 (55.7) 0.084
25(25.0) 7(10.0) 0.001

6(6.1) 0(0.0) 0.097
23(23.0) 7(10.0) 0.047
60 (60.0) 26 (37.1) 0.005
18(18.2) 7(10.1) 0.223

ACP: atherosclerotic carotid plaque; DM2: type 2 diabetes mellitus; HbA1c: glycosylated hemoglobin; HDL-C: high-density lipoprotein cholesterol;
IQR: interquartile range; LDL-C: low-density lipoprotein cholesterol; SD: standard deviation

S2-DBT, with AUC values of 0.86, 0.86, and 0.87, re-
spectively. As shown in Figure 3, the OCPs varied ac-
cording to the score evaluated.

DISCUSSION

The identification of patients at risk of developing
cardiovascular events represents one of the most com-
plex challenges in clinical practice. Over time, various
tools have been proposed to estimate the risk of future
events in patients with DM2, although new cardiovas-
cular risk calculators have recently been introduced.
In our study, we compared eight predictive scales in a
group of patients with DM2 without history of cardio-
vascular disease and analyzed their relationship with
the presence of ACP.

A key point for discussion is the role of risk scores
in patients with DM2 in primary prevention. The
2018 AHA/ACC guidelines for lipid management rec-
ommend administration of moderate-intensity statins
in patients aged 40-75 years with DM2, and no cardio-
vascular history. (19) However, they suggest stratify-
ing cardiovascular risk (AHA18S) to administer high-
intensity statins in those at higher risk. An expert
consensus on the role of non-statin therapies, pub-
lished in 2022 by the same scientific societies, recom-
mends in this population the administration of high-
intensity statins when the calculated cardiovascular
risk is equal to or greater than 7.5% at 10 years, and
the addition of ezetimibe when the risk exceeds 20%

and LDL-C is >70 mg/dL. (27) On the other hand,
the 2023 European guidelines for the management
of cardiovascular disease in patients with DM2 sug-
gest using the S2DBT to classify patients into the fol-
lowing categories: low risk (<5%), moderate risk (5-
10%), high risk (>10% and <20%), and very high risk
(=20%). (28) Lipid-lowering medication, the choice of
antidiabetic drugs, and therapeutic targets vary ac-
cording to the risk of each patient. Similarly, the latest
Cardiovascular Prevention Consensus of the Argen-
tine Society of Cardiology (SAC) follows this approach,
endorsing cardiovascular risk stratification as the ba-
sis for defining the type and intensity of treatments in
the patient with DM2. (29) Our study revealed that a
significant proportion of persons with DM2 were clas-
sified as at least high cardiovascular risk according to
most of the scores evaluated. However, this proportion
varies, being lower when scores assessing a reduced
number of clinical events are analyzed and, even more,
if only fatal events are considered. Such is the case of
the UKPDS-FS, where no patient showed a risk 220%.
On the other hand, the scores used do not always con-
sider the same variables. A particular case is that of
the-AHA2018 and AHA2023 scores, where the differ-
ence in the classification of patients as high risk was
notably greater in the former (50.4% vs. 9.8%). Unlike
the 2018 calculator, PREVENT includes body mass in-
dex, estimated glomerular filtration rate, and option-
ally HbAlc and urinary albumin-to-creatinine ratio.
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Fig 1. Correlation and concordance between the different scores assessed. A: Correlation coefficient between the different
cardiovascular risk scores. B: Overall and pairwise concordance of the different cardiovascular risk scores. The UKPDS-FS score was
not evaluated since no patient was categorized as high risk. For score abbreviations see the Methods section
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Fig. 2. Prevalence of plaque, according to the cardiovascular risk quartiles of the different scores evaluated.

100 -
95.1%
75-
65.9% 65.9% 66.7%
3
X
<
o
g 55.3%
: [ AHA2018
g N [ AHA2023
9 ]
g 43.9% 4009 45.2% : $2-DBT
g A FrCHD
: 2 Frevo
=
©
o
25- 22.2%
0-
Q1 Q2 o Q4
Quartiles
100 -
95.2%
92.9% 92.9%
90.5%
75 -
70%
S 65.9% 66.7%
o
i 61.9%
o
o
S
8
: [ p-ukPDs-ACVE
E B -UKPDS-ACVNF
g [ p-ukpDs-ECF
: o |7 p-ukPDs-ECN
U 0
o aagn, 304% 357%
o
25 -
14.8%
12.2%
9.8%
0-
Q1 Q2 o .

Quartiles
For score abbreviations see the Methods section.



204

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 93 N° 1/ FEBRUARY 2025

Table 2. Patient characteristics according to the presence or absence of ACP

n=84 n=86
Age, years 55.1 (10.0) 67.2(7.7) <0.001
Total cholesterol, mg/dl 199.0 (35.9) 202.4 (36.6) 0.542
LDL-C, mg/dl 115.7 (32.7) 126.4 (34.9) 0.043
HDL-C, mg/dl 47.3(14.7) 44.2 (11.8) 0.13
Triglycerides, mg/dl 185.6 (125.2) 159.4 (68.6) 0.092
Body mass index, Kg/m?2 31.3(5.8) 30.0 (5.5) 0.158
HbA1c, % 6.9 (1.4) 7.2(1.1) 0.138
DM2 evolution, years 4(1.25-6) 8(3-12) <0.001
FrCVD, % 19.6 (9.4-30.4) 42.4 (27.4-56,8) <0.001
FrCHD, % 13,0 (8.0-20.0) 24.5 (16.0-31.0) <0.001
AHA2018,% 10.1 (4.6-21.2) 34.4 (21.6-48.7) <0.001
UKPDS-NFCHD, % 10.7 (6.4-16.3) 26.5 (18.6-44.1) <0.001
UKPDS-NFS, % 4.3(1.6-6.8) 14.5 (8.3-29.4) <0.001
UKPDS-FCHD, % 5.5(2.5-10.4) 17.8 (10.9-34.9) <0.001
UKPDS-FS, % 0.6 (0.2-1.0) 2.0(1.20-4.0) <0.001
S2-DBT,% 6.8 (4.4-9.5) 12.9(10.1-16.5) <0.001
AHA2023,% 6.0 (3.8-9.4) 13.9(10.3-19.1) <0.001
n=84 n=86

Women 44 (52.4) 26 (30.2) 0.005
Hypertension 41 (48.8) 68 (79.1) <0.001
Active smoking 10(11.9) 22 (25.6) 0.002
Atrial fibrillation 1(1.2) 5(5.8) 0.235
Family history of early coronary artery disease 15(17.9) 15(17.4) 1
Insulinized 10(12.2) 15 (17.4) 0.46

ACP: atherosclerotic carotid plaque; DM2: type 2 diabetes mellitus; HDL-C: high-density lipoprotein cholesterol; IQR: interquartile range. LDL-C:
low-density lipoprotein cholesterol; SD: standard deviation. For score abbreviations see the Methods section.

In addition, PREVENT omits ethnicity, which was in-
cluded in the 2018 calculator. In fact, in other popula-
tions it has also been observed that the AHA18S tends
to overestimate risk compared to the AHA2023. (30)
The concepts of concordance and correlation are
widely used to assess the association between vari-
ables, but, although related, they represent different
approaches. (31) Correlation focuses on the relation-
ship between observed changes in two variables, i.e.,
how one varies as a function of the other. In contrast,
concordance focuses on the degree of coincidence be-
tween two methods of measuring or classifying the
same variable. Thus, while correlation measures as-
sociation, concordance evaluates the degree of agree-
ment between the results. In this sense, our study
showed a high correlation between the different
models analyzed. Previously, our research group had
reported similar results in a population with DM2,

though without including the new cardiovascular risk
scales. (32) However, in our study, the concordance
in the classification of patients as "high risk" was low
or moderate among the different scores evaluated. In
the general population, several studies have shown
that the application of different cardiovascular risk
prediction models in the same group of patients can
generate discrepancies in risk classification in about
30% of cases. (33) In particular, when comparing
the Framingham model with the European SCORE
model, the concordance reported was mild to moder-
ate. (34,35) Similar data have been reported in our re-
gion. For example, in Colombia, the kappa coefficient
of concordance between the Framingham model and
SCORE for the classification of patients as high risk
was 0.28, indicating low concordance. (36) Similarly,
in Peru, limited agreement was observed between the
AHA/ACC equations and six different cardiovascular
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Fig. 3. ROC curves, AUC and OCP of the different cardiovascular risk scores evaluated.
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risk estimation scales. (37)

A recent analysis by Dziopa et al. compared the per-
formance of 22 cardiovascular risk models, including
both those designed specifically for persons with DM2
and others originally developed for the general popula-
tion. The study evidenced remarkable variability in the
predictive ability of these models. Surprisingly, the re-
sults indicated that models based on the general popu-
lation did not necessarily underperform compared with

Risk Scores

FrCvD, AUC=0.82, OCP = 25.5
— FrCHD, AUC=0.77,0CP =175
— AHA2018, AUC=0.86, OCP = 14.1
— S2-DBT, AUC=0.87, OCP =11.2

AHA2023, AUC = 0.86, OCP = 10.7

1.00

Risk Scores

UKPDS- FCHD, AUC=0.88, OCP =8.5
— UKPDS- NFS, AUC=0.88, OCP =7.6
— UKPDS- NFCHD, AUC=0.87, OCP=17.6
UKPDS- FS, AUC=0.88, OCP = 1.1

1.00

DM2-specific models. (38) Even the non-specific scores
included a small percentage of patients with DM2 in
their derivation cohorts (e.g., FrCVD score 5%, FrCHD
score 5.2%, and AHA2018 score between 1% and 14%,
depending on the cohort evaluated). This unexpected
result highlights that DM2-specific models do not nec-
essarily outperform general models in predicting car-
diovascular events. In other words, these findings chal-
lenge the assumption that incorporating DM2-related
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variables-such as HbAlc and disease duration-always
improves risk predictive ability. (39) After adjusting for
differences in population characteristics and baseline
risk, recalibration significantly improved the perfor-
mance of many models. This emphasizes the impor-
tance of making local adaptations of widely used mod-
els (recalibration). (40) Overall, the global prevalence
of ACP in people aged 30-79 years in 2020 was estimat-
ed to be 21.1%, equivalent to approximately 816 mil-
lion people affected, with 59% increase since 2000. (41)
As expected, DM2 proved to be one of the risk factors
most closely associated with the increased likelihood of
developing ACP. In our study, we found that approxi-
mately 1 in 2 patients with DM2 had ACP. These re-
sults are consistent with previous reports. For example,
a study conducted in Taiwan (42) reported a prevalence
of 53.6%, whereas another conducted in China found
44.9%. (43) In the latter case, and as in our study, the
authors reported that subjects with ACP were older,
had longer evolution of DM2, and had a higher preva-
lence of hypertension. Finally, and in line with the cur-
rent findings, the study previously conducted by this
group of investigators showed a prevalence of ACP of
51%. (32) These findings have notable clinical implica-
tions. According to the SAC Consensus on the manage-
ment of patients with DM2 and cardiovascular disease
in patients with low or intermediate risk (<20%), it
could be useful to screen for subclinical atheromatosis,
since its presence would allow the patient with DM2 to
be recategorized as very high risk. (44) Furthermore,
this finding justifies the intensification of lipid-lower-
ing treatment, also prioritizing the use of antidiabetic
drugs with proven cardiovascular efficacy.

Finally, in our investigation, all the scores evalu-
ated demonstrated a very good ability to predict the
presence of ACPE, with AUC above 0.75. However, the
OCP varied considerably among the different scores
evaluated. Some showed values close to the high-risk
threshold (20%) established by the guidelines recom-
mending their use, such as the FCVS and FCDS. Simi-
larly, S2-DBT score presented an OCP close to 10%,
the threshold considered by the respective guidelines
to define high cardiovascular risk. In contrast, other
scores, such as the AHA2018 score and, especially, the
AHAZ2023 score showed significantly lower OCP than
the commonly used high-risk thresholds, suggesting
that many patients with scores that were not as high
could nevertheless present ACP.

This study has several limitations. First, it was a
cross-sectional study with a small number of patients.
Consequently, our findings should be confirmed in
larger studies. Secondly, all participants were recruit-
ed from outpatient cardiovascular prevention clinics
belonging to cardiology centers, which could have
introduced a selection bias. Furthermore, this condi-
tions its extrapolation to daily health care practice.
Finally, this study did not aim to evaluate the validity
of the risk scores analyzed in our country. However,
we consider that our findings highlight the difficulties

inherent to cardiovascular risk stratification in this
population, as well as the relevance of having local ad-
aptations of the predictive models usually employed.

CONCLUSIONS

The observed cardiovascular risk was considerable ac-
cording to most of the scores assessed; however, risk
stratification was heterogeneous, with adequate cor-
relation but only modest concordance between the
different scores. In other words, these findings re-
flect that our patients with DM2 are not uniformly
classified when applying different predictive tools.
The prevalence of ACP was significantly increased
in strata with higher estimated risk. Understanding
the relationship between the presence of ACP and dif-
ferent estimation tools could improve the accuracy of
cardiovascular risk assessment in patients with DM2
and optimize treatment in those most likely to have
an event.
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ABSTRACT

Background: Patients with type 2 diabetes mellitus (DM2) are at increased cardiovascular risk even when they receive lipid-lowering
treatment with statins and achieve low-density lipoprotein-associated cholesterol (LDL-C) levels < 55 mg/dL. Moderate hypertri-
glyceridemia is common in this population and constitutes an additional risk factor. The REDUCE-IT study demonstrated that
icosapent ethyl (IPE) reduces cardiovascular events by 25% in patients with atherosclerotic cardiovascular disease (ASCVD) or DM2
with risk factors and elevated triglycerides, which led to its incorporation into clinical guidelines.

Objective: The aim of this study was to assess eligibility IPE in patients with DM2 in the real world.

Methods: We conducted a descriptive and retrospective study of the patients included in the registry of Cardiometabolism of the
Argentine Society of Cardiology. Patients were defined as eligible for IPE if they were between 40 and 75 years of age, had a history
of ASCVD or 2 associated risk factors, were receiving statin therapy, and had a LDL-C < 100 mg/dL and triglycerides between 150
and 499 mg/dL.

Results: A total of 694 patients with DM2 were included, of whom 601 had a complete lipid profile; 51.7 % had AVCD, and 48.3 %
were in primary prevention. After applying the eligibility criteria, 19.3 % of patients were eligible to receive IPE, with a higher pro-
portion of patients in secondary prevention (22.8 %) compared to those in primary prevention (15.5 %), OR 1.61, 95% CI 1.04-2.49;
p=0.029

Conclusions: A significant proportion of patients with DM2 are eligible for treatment with IPE. These findings underscore the im-
portance of identifying patients with DM2 who could benefit from this treatment to reduce residual cardiovascular risk.

Keywords: Cardiovascular risk - Residual cardiovascular risk - Hypertriglyceridemia - Icosapent ethyl -Diabetes mellitus - Cardio-
vascular disease.

RESUMEN

Introduccion: Los pacientes con diabetes mellitus tipo 2 (DM2) tienen un mayor riesgo cardiovascular, incluso cuando reciben trata-
miento hipolipemiante con estatinas y alcanzan niveles de colesterol asociado a lipoproteinas de baja densidad (c-LDL) < 55 mg/dL.
La hipertrigliceridemia moderada es frecuente en esta poblacién y constituye un factor de riesgo adicional. El estudio REDUCE-IT
demostré que el icosapento de etilo (IPE) reduce un 25 % los eventos cardiovasculares en pacientes con enfermedad cardiovascular
aterosclerética (ECVA) o DM2 con factores de riesgo y triglicéridos elevados, lo que llev a su incorporacién en guias clinicas.
Objetivo: Evaluar la elegibilidad para IPE en el mundo real en pacientes con DM2.

Material y métodos: Estudio descriptivo y retrospectivo del Registro de Cardiometabolismo de la Sociedad Argentina de Cardiologia.
Se definié que los pacientes eran elegibles para IPE si presentaban edad entre 40 y 75 anos, antecedentes de ECVA o 2 factores de
riesgo asociados, estaban recibiendo tratamiento con estatinas, y tenian un valor de ¢-LDL < 100 mg/ dL y triglicéridos entre 150 y
499 mg/dL.

Resultados: Se incluyeron 694 pacientes con DM2, de los cuales 601 tenian perfil lipidico completo. E1 51,7 % tenia ECVA, y el 48,3 %
estaba en prevencién primaria. Tras aplicar los criterios de elegibilidad, el 19,3 % de los pacientes calificaban para recibir IPE, con
mayor proporcion en prevencién secundaria (22,8 %) que en primaria (15,5 %), OR 1,61, IC 95% 1,04-2,49; p=0,029.

Conclusiones: Una proporcion significativa de pacientes con DM2 es elegible para recibir tratamiento con IPE. Estos hallazgos
resaltan la relevancia de identificar a los pacientes con DM2 que podrian beneficiarse con este tratamiento para reducir el riesgo
cardiovascular residual.

Palabras clave: Riesgo cardiovascular - Riesgo cardiovascular residual - Hipertrigliceridemia - Icosapento de etilo - Diabetes
mellitus - Enfermedad cardiovascular
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INTRODUCTION

Patients with type 2 diabetes mellitus (DM2) are at
a higher risk for cardiovascular disease than other
population groups with similar characteristics with-
out DM2. (1,2) The administration of lipid-lowering
medications, aimed at reducing plasma levels of low-
density lipoprotein cholesterol (LDL-C), has been
demonstrated to result in a reduction in major cardio-
vascular events in various clinical trials, irrespective
of the presence of DM2. However, the risk of devel-
oping new cardiovascular events persists even when
LDL-C levels drop below 55 mg/dL. (3-4) The presence
of moderate hypertriglyceridemia is a common char-
acteristic of patients with DM2. (5) The use of icosap-
ent ethyl (IPE) in patients with atherosclerotic car-
diovascular disease (ASCVD) or DM2 associated with
another cardiovascular risk factor and elevated tri-
glycerides was associated with a 25% reduction in the
risk of major cardiovascular events in the REDUCE-
IT (Reduction of Cardiovascular Events with Icosap-
ent Ethyl-Intervention Trial) study. (6) These results
led to the incorporation of this new therapeutic option
in clinical practice guidelines to reduce residual risk
in this population. (7,8) Although this treatment has
recently been approved in Argentina, the proportion
of patients with DM2 who could be considered candi-
dates to receive it is unknown. The aim of this study
is to evaluate the eligibility of patients with DM2 who
could benefit from treatment with icosapent ethyl
(IPE) in terms of cardiovascular risk reduction.

METHODS

We conducted a descriptive and retrospective study. Patients
with DM2 who were included in the registry of the Council
on Cardiometabolism of the Argentine Society of Cardiology
between May and July 2019 were included. Patients hospi-
talized were excluded from the study, as well as those with
type 1 diabetes, secondary DM, pregnancy and those who
refused to be included in the protocol. The clinical character-
istics and the laboratory findings were evaluated. Patients
were considered eligible for IPE if they were between 40 and
75 years of age, had a history of ASCVD or 2 associated risk
factors, were receiving statin therapy, and had LDL-C levels
< 100 mg/dL and TG levels between 150 and 499 mg/dL.
Eligibility for IPE was assessed in the total population, in
the population of patients with ASCVD (history of coronary
artery disease, cerebrovascular disease, or peripheral vascu-
lar disease), and in those without ASCVD. The study was
conducted following the recommendations of the Declara-
tion of Helsinki revised in 2003. (9) The participation was
voluntary and all the patients signed an informed consent
form to be included in the study. Qualitative variables are
presented as frequency and percentage, and quantitative
variables as mean and standard deviation (SD). Statistical
significance was considered with a 2-tailed p-value < 0.05.

RESULTS

A total of 694 patients included in the registry of Car-
diometabolism of the Argentine Society of Cardiology
were evaluated. Of these, 601 had a complete lipid
profile, 51.7% (311 patients) had ASCVD and 48.3%
(290 patients) were in primary prevention. Mean age

was 67.2 + 9.3 years; 60.1% were male and 91.7% had
hypertension. The mean body mass index was 32 kg/
m2. Mean glycated hemoglobin was 7.3 %, mean LDL-
C was 95 mg/dL, mean TG was 166.5 mg/dL and mean
glomerular filtration rate was 78.6 mL/min/1.73m2;
72.4% were receiving statins, and 7.1% were receiving
ezetimibe. The differences between patients with and
without ASCVD are presented in Table 1. Patients
with ASCVD were predominantly male, older and
were using statins and ezetimibe, which explains the
lower total and LDL cholesterol values. After applying
the eligibility criteria for IPE, 19.3% of the patients
were deemed eligible (Figure 1). When these patients
were divided according to the history or absence of
ACVD, 22.8% (71 patients) in secondary prevention
and 15.5% (45 patients) in primary prevention met
criteria for receiving IPE (OR 1.61, 95% CI 1.04-2.49;
p= 0.029). (Figure 2).

DISCUSSION

This study showed that, in a cohort of patients with
DM2 with high and very high cardiovascular risk, one
out of five patients met the criteria for eligibility to re-
ceive IPE. Rawshani et al. showed a reduction in both
death from cardiovascular disease and death from cor-
onary artery disease and hospitalizations for cardio-
vascular disease over the last 20 years, with a smaller
reduction in patients with DM2. This finding suggests
the presence of a notable increase in residual risk
within this patient population. (10) The emergence
of novel pharmacological groups that have shown a
reduction in major cardiovascular events, risk of hos-
pitalization for heart failure and even cardiovascular
mortality in some patient subgroups across various
clinical studies, shows that this residual risk exists
and that it can be reduced through the incorporation
of novel therapeutic options. (11,12) However, beyond
these interventions, the high incidence of cardiovascu-
lar events observed, especially in studies that included
patients with DM2 at very high cardiovascular risk,
makes it necessary to address other variables in order
to achieve a greater reduction. Despite the above, the
use of drugs with proven cardiovascular benefits re-
mains suboptimal, (13) if we consider that only 25.9%
of patients in this registry received medications with
documented cardiovascular benefits. Hypertriglyceri-
demia and remnant cholesterol emerge as therapeutic
targets of interest, particularly in patients with DM2
who have a higher prevalence of elevated triglyceride
levels than other patient subgroups. Omega-3 fatty
acids are among the drugs evaluated in patients with
these characteristics. The JELIS (Japan EPA Lipid
Interventional Study) study, conducted in Japan, in-
cluded patients with total cholesterol levels = 250 mg/
dL. Treatment with 1,800 mg of eicosapentaenoic acid
(EPA) combined with statins reduced the risk of ma-
jor cardiovascular events by 19%, compared to treat-
ment with statins alone. (14) In the same line, the RE-
DUCE-IT study compared the use of 4 g/day of EPA
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Table 1. Baseline characteristics

Without ASCVD With ASCVD
(n = 290) (n=311)
Age, years (mean + SD) 63 +9.6 67 £9.7 65+9.8 <0.001
Male sex, (%) 45 69 57.6 <0.001
HTN (%) 90 93 91.7 0.241
BMI (mean = SD) 325+59 31.5+6.1 32+6 0.041
DM2 diagnosis > 10 years (%) 34.5 43 38.9 0.036
HbA1c,% (mean + SD) 73+1.7 72+14 7.3+1.6 0.430
Total cholesterol, mg/dL (mean + SD) 181 +45.8 159 + 43 170 + 45.7 <0.001
HDL-cholesterol, mg/dL (mean + SD) 45+ 11.7 44 + 2413 445 + 26 0.523
LDL-cholesterol, mg/dL (mean + SD) 105 + 40 85 + 36.2 95 + 39.3 <0.001
Triglycerides, mg/dL (mean + SD) 173 + 103.6 160 + 79.8 166.5 + 92.1 0.084
GFR, mL/min/1.73m? (mean =+ SD) 84 + 20 73+21.6 785+ 21 <0.001
Statins (%) 62.4 81.6 72.4 <0.001
Ezetimibe (%) 4.5 9.6 7.1 0.017
Insulin (%) 19 25.6 22.5 0.062
GLP-1 RA (%) 2.4 3.5 59 0.478
SGLT2i (%) 6.2 12.8 20 0.006

*: without ACVD vs. with ACVD

ASCVD: atherosclerotic cardiovascular disease; BMI: body mass index; DM2: type 2 diabetes mellitus; GFR: glomerular filtration rate; GLP-1 RA:
glucagon-like peptide 1 receptor agonists; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; HTN: hypertension; LDL: low-density lipo-
protein; SD: standard deviation; SGLT2i: sodium-glucose co-transporter 2 inhibitors

Fig. 1. Patients eligible for icosapent ethyl.
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Fig. 2. Percentage of patients eligible for icosapent ethyl according to the
history of atherosclerotic cardiovascular disease (ASCVD)
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associated with statins with or without ezetimibe ver-
sus treatment with statins with or without ezetimibe.
Once again, there was a reduction in major cardiovas-
cular events, this time by 25%, as well as a reduction
in most of the evaluated secondary endpoints. (6) It
is important to highlight that in this study 57.8% of
the patients had DM2. Subsequently, the EVAPO-
RATE study demonstrated that the use of 4 g/day of
IPE was associated with changes consistent with ath-
eroma plaque regression. (15) The exact mechanisms
by which this benefit occurs are still under discussion.
However, it is suggested that the risk reduction with
IPE treatment exceeds the observed reduction in TG
levels. (16,17) Based on these results, clinical practice
guidelines have recommended considering the use of
IPE for patients with DM2 or ASCVD who are receiv-
ing statins and have T'G between 150 and 499 mg/dL,
in order to reduce cardiovascular risk.

One limitation of our study is that eligibility was
defined based on the treatment received by the pa-
tients, without specifying the dose of statins used or
the proportion of patients receiving other drugs such
as fibrates for the treatment of hypertriglyceridemia.
We must also consider the fact that 70% of patients
were receiving statins, which can lead to an underes-
timation or overestimation of the actual triglyceride
value and thus influence eligibility. Likewise, the pop-
ulation evaluated may not represent the total number
of patients with DM2 but rather the one evaluated in
a cardiology office.

In conclusion, in a real-world population of pa-
tients with DM2 who are monitored by cardiologists
in Argentina, 1 out of 5 patients is eligible for treat-
ment with IPE, which has the potential to reduce car-
diovascular events.
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I CONTROVERSY

In Non-ischemic Dilated Cardiomyopathy, the Implantable
Cardioverter-Defibrillator Remains the First Choice for Primary

Prevention of Sudden Death.

En la miocardiopatia dilatada no isquémica el cardiodesfibrilador implantable sigue siendo
la primera eleccion para la prevencion primaria de la muerte subita

AGONIST
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The indication for implantable cardioverter defibrilla-
tor (ICD) for primary prevention of sudden death (SD)
in patients with non-ischemic dilated cardiomyopathy
(NIDCM) has been supported by multiple randomized
studies. (1-5) The development of these complex stud-
ies was not simple, and initially those with more pa-
tients included ischemic and non-ischemic cardiomyo-
pathy, with fewer non-ischemic patients. Some studies
individually showed only a trend toward improved
survival with ICD implantation, while others lacked
the statistical power to meet their outcomes. (1-3)

The methodology used to address this issue was
the meta-analysis.

Desai published one of the first studies that pooled
data from the initial five studies on this subject: AMI-
OVIRT, CAT, DEFINITE, SCD-HeFT and COMPAN-
ION. (6) The analysis showed lower all-cause mortal-
ity: relative risk (RR) 0.69; 95% confidence interval
(95% CI) 0.55-0.87; p = 0.002. The meta-analysis
result remained consistent even when excluding the
COMPANION study, which included cardiac resyn-
chronization therapy (CRT). These findings, together
with others, supported the Class I indication for ICD
in primary prevention in both American and Europe-
an guidelines. (7,8)

However, several important factors weakened this
indication: the studies enrolled few patients, follow-
up periods were short, and, most importantly, the
studies were conducted at a time when therapeutic
options for heart failure (HF) were limited, including
CRT or subsequent pharmacological advances, which
have consistently demonstrated a reduction in cardio-
vascular mortality. Some reports show a reduction in
SD of up to 44% between 1995 and 2014. (9)

The Denmark factor

In 2016, the DANISH study was published. After
a b-year follow-up, it demonstrated a 50% relative
risk reduction in SD in the ICD group compared to
the control group in NIDCM patients: 4.3% vs. 8.2%;
hazard ratio (HR) 0.50; 95% CI 0.31-0.82; p = 0.005,
confirming the benefit of ICD in reducing SD. There
was a trend toward lower cardiovascular mortality;
however, all-cause mortality was similar between the
two groups. (10)

Therefore, the DANISH study introduced a wake-
up call regarding the previously accepted concept of
the benefit of ICD in reducing all-cause mortality. Sev-
eral factors may account for this finding, namely:

- The population was quite specific, exceptionally
treated with a very high rate of drug use that is not
replicated in daily clinical practice. The CHAMP HF
study, a registry of over 3000 patients with HE, report-
ed that 23%, 33% and 67% of the population were not
receiving angiotensin-converting enzyme inhibitors,
beta-blockers or aldosterone antagonists, respectively,
compared to 4%, 8% and 41% in DANISH. (11)

- In 58% of overall population and in 65% of pa-
tients over 70 years old, CRT was implanted, indicat-
ing the extensive use of this therapy. In addition, 10%
of patients had previous CRT or pacemaker implanta-
tion. Studies published at that time, such as PARA-
DIGM-HF and DAPA-HF, reported only 7% of patients
with CRT. Even in the OFFICE-IC AR registry of the
Argentine Society of Cardiology (SAC) published six
years later, 1.8% received CRT and 10.7% CRT with
defibrillator (CRT-D), confirming that the DANISH
study population was highly selected. (12-14)

Following this reasoning, the proper indication
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for CRT, the prevalence of left bundle-branch block
(LBBB) in the DANISH study would be at least twice
as high as that reported in other studies: 60% in DAN-
ISH vs. 30% in OFFICE-IC AR, which included 644
patients with HF and reduced left ventricular ejection
fraction (LVEF). (14)

- With such a high rate of use of CRT, and prob-
ably of LBBB as well, it is logical to suggest that much
of the observed benefit may have been attributable to
this therapy. There are no randomized studies demon-
strating superiority in terms of mortality when com-
paring CRT and ICD. Moreover, as shown in the MA-
DIT CRT study, if resynchronization increases LVEF
above 35%, the rate of appropriate ICD therapies is
significantly reduced (HR 0.44; 95% CI 0.28-0.68;
p < 0.001). (15) Although excluding these patients
in the DANISH analysis did not change the results,
the number of cases is undeniably reduced and, thus,
the statistical power to analyze the outcome. In other
words, ICD was compared to medical therapy in 40%
of the population, while CRT-D was compared to CRT
in 60%.

- It is interesting to observe that during the first
five years, the mortality curves diverged in favor of
ICD but converged in a longer follow-up. The DAN-
ISH population was older than that included in the
DEFINITE and SCD-HeFT studies. (16,17) There-
fore, although ICD may have initially reduced mortal-
ity, with longer follow-up in an older population, it is
reasonable to observe an increase in non-cardiovascu-
lar or HF-related mortality, for which ICD has no ef-
fect. Indeed, non-cardiovascular mortality accounted
for 31% of deaths in DANISH.

- A post hoc analysis of the DANISH study con-
firmed that patients >70 years of age had a signifi-
cantly longer history of HF (twice as long), worse func-
tional class , higher levels of NT-proBNP (N-terminal
pro-B-type natriuretic peptide), greater renal impair-
ment, and a higher prevalence of atrial fibrillation.
(18) These findings help explain why the non-sudden
mortality was twice as high compared to patients <70
years of age. It is not surprising, then, that the au-
thors highlighted the benefit of ICD implantation in
younger patients, in whom the ICD significantly re-
duced both sudden and all-cause mortality (HR 0.70;
95% CI 0.51-0.96 ; p = 0.03).

However...

Immediately after the publication of the DANISH
study, nine meta-analyses were published, all of which
included DANISH (Table 1). Using all possible combi-
nations, the result was conclusive: ICD significantly
reduced all-cause mortality in NIDCM. (19-27)

- Recent prospective registries, such as BIO-LI-
BRA—presented this year and including 1,000 pa-
tients across 50 sites—continue to report a high rate
of ventricular tachycardia/ventricular fibrillation (VT/
VF) or death during follow-up in patients with NID-
CM receiving ICD with or without CRT in primary

prevention. At 3-year follow-up, the rate of VI/VF or
death remained high: 28% in men and 17% in women.
A lower rate of shock was confirmed in patients with
CRT and in women. (28)

Like other studies, DANISH did not consider the
etiology of NIDCM. This diagnosis includes hetero-
geneous populations with potentially distinct clinical
courses. Indeed, it is well established that certain con-
ditions are associated with a higher rate of SD, such as
arrhythmogenic genetic mutations (e. g., lamin, phos-
pholamban, or filamin) or sarcoidosis. (29) Conversely,
ventricular dysfunction due to amyloidosis often leads
to death from HF or pulseless electrical activity. It is
also worth noting that some forms of dilated cardio-
myopathy may be caused or worsened by atrial fibril-
lation or ventricular ectopic beats, whose progression
could be modified with appropriate arrhythmia treat-
ment.

Among the risk markers not evaluated in these
studies, the presence of left ventricular fibrosis as-
sessed by cardiac magnetic resonance imaging stands
out. Observational studies have shown that this find-
ing is associated with a higher incidence of VI/VE, and
it may even help identify patients with lower mortal-
ity when treated with CRT-D compared to CRT alone.
(30) Therefore, several factors beyond LVEF remain
to be assessed to refine patient selection for ICD im-
plantation in the setting of primary prevention.

The risks of implanting an ICD

The complications associated with ICD implantation
have become increasingly rare. For instance, with
modern programming, the annual rate of inappropri-
ate shocks is now below 2%. Moreover, the advent of
subcutaneous ICD—which has no endocardial leads
and provides efficacy comparable to conventional
ICD—has significantly reduced catheter-related in-
fections and late complications. These advancements
further support the consideration of ICD implanta-
tion for primary prevention in this patient population.

CONCLUSIONS

The latest guidelines from the American Heart As-
sociation (AHA), the American College of Cardiol-
ogy (ACC), and the Heart Failure Society of America
(HFSA) for the management of HF assign a Class I
recommendation to ICD implantation for the primary
prevention of sudden death in patients with NIDCM,
whereas the European and Argentine guidelines clas-
sify it as Class Ila. Interestingly, all of these guidelines
are based on exactly the same studies. (31- 33)

Given the strong support in both national and in-
ternational guidelines, primary prevention with an
ICD in NIDCM should always be considered as indi-
cated. There is no doubt regarding this indication in
patients under 70 years of age, and it should also be
considered in those over 70, unless reduced life expec-
tancy, advanced HF or severe comorbidities suggest a
higher risk of non-arrhythmic mortality.
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Table 1. Meta-analysis of the different studies in primary prevention including patients with non-ischemic dilated cardiomyopathy

Effect on all-cause Study conclusion
mortality
HR 0.75 PP with ICD is effective in reducing all-cause
95% C10.61-0.93 mortality in NIDCM
p = 0.008
RR 0.76 Significant decrease in all-cause and sudden
95% C10.63-0.91 mortality in NIDCM
p =0.003
HR 0.77 Significant decrease in all-cause mortality in PP

95% C10.64-0.91

in patients with NIDCM

Author Studies Patients (ICD/MT)
Al-Khatib et al. CAT, DEFINITE, 1874
2017 (19) SCD-HeFT, DANISH (937/937)
Narayanan et al. CAT, AMIOVIRT, 2347
2017 (20) DEFINITE, SCD-HeW\WWET, (962/1385)

COMPANION,
DANISH
Golwala et al. CAT, AMIOVIRT, 2970
2017 (21) DEFINITE, SCD-HeFT,
COMPANION,
DANISH
Kotodziejczak et al. CAT, AMIOVIRT, 2992
2017 (22). DEFINITE, SCD-HeFT, (1284/1708)
DANISH
Barakat et al. CAT, AMIOVIRT, 2573
2017 (23) DEFINITE, SCD-HeFT, (1284/1289)
DANISH
Stavrakis et al. CAT, AMIOVIRT, 2967
2017 (24) DEFINITE, SCD-HeFT, (1553/1414)
COMPANION,
DANISH
Romero et al. CAT, AMIOVIRT, 2573
2017 (25) DEFINITE, SCD-HeFT,
DANISH
Akel et al. CAT, AMIOVIRT, 2573
2017 (26) DEFINITE, SCD-HeFT,
DANISH
Masri et al. CAT, DEFINITE, 2867 (1503/1364)
2017 (27) SCD-HeFT,
COMPANION,
DANISH

HR 0 .81 Significant decrease in all-cause mortality in
95% C1072-0.91 NIDCM
p = 0.006
HR. 0.79 ICD was associated with significant decrease in
95% C10.64-0.93 all-cause mortality in NIDCM
p < 0.001
HR. 0.78 ICD reduced all-cause mortality by 22% in
95% C10.66-0.92 NIDCM
p =0.003
RR 0.84 Significant decrease in all-cause and sudden
95% C1 0.71-0.99 mortality with ICD in NIDCM
p=0.03
HR 0.80 ICD reduced all-cause mortality in NIDCM
95% Cl1 0.67-0.96
p=0.02
RR 0.76 ICD reduced all-cause and sudden mortality in
95% Cl10.64-0.91 NIDCM
p =0.002

ICD: implantable cardioverter defibrillator; MT: medical treatment; NIDCM: non-ischemic dilated cardiomyopathy; PP: primary prevention; Remai-

ning abbreviations in the text.

Conflicts of interest
None declared.
(See conflicts of interest forms on the website).

REFERENCES

1. Bansch D, Antz M, Boczor S, Volkmer M, Tebbenjohanns J, Seidl
K, et al. Primary prevention of sudden cardiac death in idiopathic di-
lated cardiomyopathy: the Cardiomyopathy Trial (CAT). Circulation
2002;105:1453-8. https://doi.org/10.1161/01.CIR.0000012350.99718.AD
2. Strickberger SA, Hummel JD, Bartlett TG, Frumin HI, Schuger
CD, Beau SL, et al. Amiodarone versus implantable cardioverterde-
fibrillator: randomized trial in patients with nonischemic dilated
cardiomyopathy and asymptomatic nonsustained ventricular tachy-
cardia—(AMIOVIRT). J Am Coll Cardiol 2003;41:1707-12. https://
doi.org/10.1016/S0735-1097(03)00297-3

3. Kadish A, Dyer A, Daubert JPB, Quigg R, Estes NA, Anderson KP,
et al. (DEFINITE investigators) Prophylactic defibrillator implanta-
tion in patients with nonischemic dilated cardiomyopathy. N Engl J
Med 2004;350:2151-8. https://doi.org/10.1056/NEJMo0a033088

4. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco
T, et al. (Companion Investigators). Cardiac-resynchronization ther-
apy with or without an implantable defibrillator in advanced chronic
heart failure. Engl J Med 2004;350:2140-50. https://doi.org/10.1056/

NEJMoa032423

5. Kgber L, Thune J, Nielsen JC, Haarbo J, Videbaek L, Korup E,
et al. (SCD-HeFT Investigators). Amiodarone or an Implantable
cardioverter defibrillator for congestive heart failure. N Engl J Med
2005;352:225-37. https://doi.org/10.1056/NEJMoa043399

6. Desai AS, Fang JC, Maisel WH, Baughman KL. Implantable
defibrillators for the prevention of mortality in patients with non-
ischemic cardiomyopathy: a meta-analysis of randomized con-
trolled trials. JAMA 2004;292:2874-9. https://doi.org/10.1001/
jama.292.23.2874

7. Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ga-
niats TG, et al. 2009 Focused update incorporated into the ACC/AHA
2005 Guidelines for the Diagnosis and Management of Heart Failure
in Adults A Report of the American College of Cardiology Founda-
tion/American Heart Association Task Force on Practice Guidelines
Developed in Collaboration With the International Society for Heart
and Lung Transplantation. J Am Coll Cardiol 2009;53:e1-e90.

8. McMurray JdJ, Adamopoulos S, Anker SD, Auricchio A, Béhm M,
Dickstein K, et al. ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure 2012: The Task Force for the Di-
agnosis and Treatment of Acute and Chronic Heart Failure 2012
of the European Society of Cardiology. Developed in collaboration
with the Heart Failure Association (HFA) of the ESC. Eur Heart J
2012;33:1787-8417.

9. Shen L, Jhund PS, PetrieMC, Claggett BL, Barlera S, Cleland JGE,
et al. Declining risk of sudden death in heart failure. N Engl J Med



IMPLANTABLE CARDIOVERTER DEFIBRILLATOR IN NON-ISCHEMIC DILATED CARDIOMYOQPATHY / Carlos Labadet and Arturo Cagide 215

2017;377:41-51. https://doi.org/10.1056/NEJMo0al609758

10. Kober L, Thune JJ, Nielsen JC, Haarbo J, Videbaek L, Korup
E, et al. Defibrillator implantation in patients with nonischemic
systolic heart failure. N Engl J Med 2016;375:1221-30. https://doi.
org/10.1056/NEJMoa1608029

11. Greene SJ, Butler J, Albert NM, DeVore A, Sharma PP, Duffy C,
et al. Medical therapy for heart failure with reduced ejection frac-
tion. The CHAMP-HF registry. J Am Coll Cardiol 2018;72:351-66.
https://doi.org/10.1016/j.jacc.2018.04.070

12. McMurray JJ, Packer M, Desai A, Gong J, Lefkowitz L, Riz-
kala A, et al. Angiotensin—Neprilysin Inhibition versus Enalapril in
Heart Failure. for the PARADIGM-HF Investigators and Commit-
tees N Engl J Med 2014;371:993-1004. https://doi.org/10.1056/NEJ-
Mo0a1409077

13. McMurray JJV, Solomon SD, Inzucchi SE, Kgber L, Kosiborod
MN, Martinez FA, et al. DAPA-HF Committees and Investigators.
Dapagliflozin in patients with heart failure and reduced ejection
fraction. N Engl J Med 2019;381:1995-2008. https://doi.org/10.1056/
NEJMo0al911303

14. Thierer J, Perna E, Marino J, Coronel M, Barisani JL, Brasca
GD, y cols. Insuficiencia cardiaca crénica en Argentina. OFFICE-IC
AR, un registro conjunto de la Sociedad Argentina de Cardiologia y
de la Federacién Argentina de Cardiologia. Rev Argent Cardiol 2022;
90:15-24. https://doi.org/10.7775/rac.es.v90.i1.20480

15. Mathias A, Moss Ad, McNitt S, ZarebaW, Goldenberg I, Solomon
SD, et al. Clinical implications of complete left-sided reverse remod-
eling with cardiac resynchronization therapy: A MADIT-CRT Sub-
study. J Am Coll Cardiol. 2016;68:1268-76. https://doi.org/10.1016/;.
jacc.2016.06.051

16. Kadish A, Dyer A, Daubert JB, Quigg R, Estes NA, Anderson KP,
et al. Prophylactic defibrillator implantation in patients with non-
ischemic dilated cardiomyopathy. N Engl J Med 2004;350:2151-8.
https://doi.org/10.1056/NEJMoa033088

17. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau
R, et al. Amiodarone or an implantable cardioverter-defibrillator for
congestive heart failure. N Engl J Med 2005;352:225-37. https://doi.
org/10.1056/NEJMoa043399

18. Elming MB, Nielsen JC, Haarbo J, Videbeek L, Korup E, Signoro-
vitch J, et al. Age and outcomes of primary prevention implantable
cardioverter-defibrillators in patients with nonischemic systolic
heart failure. Circulation 2017;136:1772-80. https://doi.org/10.1161/
CIRCULATIONAHA.117.028829

19. Al-Khatib SM, Fonarow GC, Joglar JA, Inoue LYT, Mark DB,
Lee KL et al. Primary prevention implantable cardioverter defibril-
lators in patients with nonischemic cardiomyopathy: a meta-anal-
ysis. JAMA Cardiol 2017;2:685-8. https://doi.org/10.1001/jamacar-
dio.2017.0630

20. Narayanan M, Vakil K, Reddy VK, Baskaran J, Deshmukh A,
Benditt DG, et al. Efficacy of implantable cardioverter-defibrilla-
tor therapy in patients with nonischemic cardiomyopathy. A sys-
tematic review and meta-analysis of randomized controlled trials.
2017;3:962-70. https://doi.org/10.1016/j.jacep.2017.02.006

21. Golwala H, Bajaj NS, Arora G, Arora P. Implantable cardioverter-
defibrillator for nonischemic cardiomyopathy: an updated metaanal-
ysis. Circulation 2017;135:201-3. https://doi.org/10.1161/CIRCULA-
TIONAHA.116.026056

22. Kolodziejczak M, Andreotti F, Kowalewski M, Buffon A, Ciccone

MM, Parati G, et al. Implantable cardioverter-defibrillators for pri-
mary prevention in patients with ischemic or nonischemic cardio-
myopathy: a systematic review and meta-analysis. Ann Intern Med
2017;167:103-11. https://doi.org/10.7326/M17-0120

23. Barakat AF, Saad M, Elgendy AY, Mentias A, Abuzaid A, Mah-
moud AN, et al. Primary prevention implantable cardioverter de-
fibrillator in patients with non-ischaemic cardiomyopathy: a meta-
analysis of randomised controlled trials. BMdJ Open 2017;7: e016352.
https://doi.org/10.1136/bmjopen-2017-016352

24. Stavrakis S, Asad Z, Reynolds D. Implantable cardioverter de-
fibrillators for primary prevention of mortality in patients with
nonischemic cardiomyopathy: a meta-analysis of randomized con-
trolled trials. J Cardiovasc Electrophysiol 2017;28:659-65. https://
doi.org/10.1111/jce.13204

25. Romero J, Chaudhary R,Garg J, Lupercio F, Shah N, Gupta R,
et al. Role of implantable cardioverter defibrillator in non-ischemic
cardiomyopathy: a systematic review and meta-analysis of prospec-
tive randomized clinical trials. J Int Cardiac Electrophysiol: Int J
Arrhythm Pacing 2017;49:263-70. https://doi.org/10.1007/s10840-
017-0260-8

26. Akel T, Lafferty J. Implantable cardioverter defibrillators for
primary prevention in patients with nonischemic cardiomyopathy:
a systematic review and meta-analysis. Cardiovasc Ther 2017;35(3)
€12253. https://doi.org/10.1111/1755-5922.12253

27. Masri A, Hammadah M, Adelstein E, Jain S, Saba S. Implantable
cardioverter defibrillator in non-ischemic cardiomyopathy: a meta-
analysis of randomized controlled trials. Cardiovasc Diagn Ther
2017;7:397-404. https://doi.org/10.21037/cdt.2017.06.06

28. Kutyifa V, Gleva MJ, Rosero SZ, Di Biase L, Prasad K, TorresVI,
Aaron B, et al. Contemporary outcomes of non-ischemic cardiomyop-
athy patients with implanted devices (BIO-LIBRA). Heart Rhythm
2025;20:1082. https://doi.org/10.1016/j.hrthm.2023.04.033

29. Kayvanpour E, Sedaghat-Hamedani F, Amr A, Lai A, Haas J,
Holzer DB, et al. Genotype-phenotype associations in dilated cardio-
myopathy: meta-analysis on more than 8000 individuals. Clin Res
Cardiol 2017;106:127-39. https://doi.org/10.1007/s00392-016-1033-6
30. Leyva E, Zegard A, Acquaye E, Gubran C, Taylor R, Foley PWX,
et al. Outcomes of cardiac resynchronization therapy with or with-
out defibrillation in patients with nonischemic cardiomyopathy. J
Am Coll Cardiol 2017;70:1216-27.

31. Heidenreich PA, Bozkurt B, Aguilar A, Allen LA, Byun JJ,
Colvin M, et al. 2022 AHA/ACC/HFSA Guideline for the Manage-
ment of Heart Failure: A Report of the American College of Car-
diology/American Heart Association Joint Committee on Clinical
Practice Guidelines. Circulation 2022;145:895-e1032. https://doi.
org/10.1161/CIR.0000000000001073

32. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A,
Béhm M, et al. ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure: developed by the Task Force for the
diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC). With the special contribution
of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail
2022; 24:131. https://doi.org/10.1002/ejhf.2333

33. Fernandez A, Thierer J, Fairman E, Giordanino E, Soricetti dJ,
Belziti C,y cols.. Consenso de Insuficiencia Cardiaca 2022. Rev Ar-
gent Cardiol 2023;91 (Suplemento 2):1-80. http://dx.doi.org/10.7775/
rac.es.v91.s2

ANTAGONIST
ARTURO CAGIDE! MTsAC.

Non-ischemic dilated cardiomyopathy (NIDCM) is de-
fined as a structural abnormality of the myocardium
not attributable to coronary artery disease, character-
ized by impaired contractility and a variable prognosis
that includes a varying risk of sudden death (SD). It
may result from multiple causes, such as tachycar-

dia-induced cardiomyopathy, postpartum cardiomyo-
pathy, Chagas disease, post-myocarditis, and cardio-
myopathies associated with certain genetic variants,
among other etiologies.

In many of these conditions, the indication for im-
plantable cardioverter defibrillator (ICD) implanta-
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tion for the prevention of SD is supported by limited
evidence, generally arising from observational studies
with small patient populations. In most cases, the de-
cision is based on the presence of a left ventricular
gjection fraction (LVEF) <35% along with other risk
factors for SD. In this context, it is worth noting that
a high proportion of cases of lymphocytic myocarditis,
tachycardia-induced cardiomyopathy and postpartum
cardiomyopathy show recovery of ventricular function
once the acute phase or the underlying condition re-
solves.

Beyond these entities, NIDCM is likely the result
of a prior viral infection or various genetic variants,
although in a large proportion of cases, the etiology
remains unknown.

For the purposes of this discussion, focus will be
limited to the latter group, which also represents the
most prevalent form of the condition.

CLINICAL TRIALS AND EVIDENCE

For the primary prevention of SD in NIDCM, Table
1 summarizes the results of clinical trials comparing
the ICD group with the control group. The studies
included are AMIOVIRT, CAT, DEFINITE, DANISH,
and SCD-HeFT. (1-5) None of them demonstrated a
statistically significant reduction in all-cause mortal-
ity, which remains the only clinically relevant end-
point.

By contrast, in ischemic cardiomyopathy, the MA-
DIT, MUSTT and MADIT II trials showed statistically
significant difference in favor of the ICD group com-
pared to the control group, although the DINAMIT
and CABG-PATCH trials yielded neutral results. (6-
10)

The SCD-HeFT study, which included patients
with ischemic and non-ischemic cardiomyopathy in
equal proportions, demonstrated a significant dif-
ference in the overall population but not in the sub-
groups analyzed by etiology. (5)

However, to complete the analysis, two other rel-
evant publications should be considered.

A meta-analysis that included the five studies
shown in Table 1 demonstrated a significant differ-
ence in favor of ICD implantation: odds ratio (OR)
0.78, 95% CI 0.66-0.93, p < 0.05. (11)

The other publication refers to the DEFINITE tri-
al. A substudy demonstrated that, in patients recently
diagnosed with NIDCM, ICD significantly reduced
mortality at 3 months post-implantation. (12)

These findings do not strengthen but rather

weaken the evidence supporting ICD. A meta-analy-
sis based on negative trials does not carry the same
clinical relevance as one that includes at least a single
positive trial. In the case of DEFINITE, this is a post
hoc analysis with limited statistical value, which also
contradicts current guideline recommendations that
state that ICD implantation should only be considered
after at least three months of optimal medical therapy.

GUIDELINES AND RECOMMENDATIONS
Although not mandatory for medical decision-making,
guidelines provide essential support for healthcare
professionals. In general, guidelines developed by
subspecialties, such as those for electrophysiology or
cardiac pacing, tend to be more likely to indicate inter-
ventions than general clinical guidelines.

Table 2 summarizes the recommendation levels
for ICD implantation in NIDCM compared to ischem-
ic cardiomyopathy, according to the guidelines of the
Argentine Society of Cardiology (SAC), (13) the Eu-
ropean Society of Cardiology (ESC), (14) and a recent
consensus of the American societies on the appropri-
ate use criteria for ICD, cardiac resynchronization
therapy and pacing. (15)

In summary:

e In NIDCM, the indication for ICD implantation
can only be considered after three months from the
initial diagnosis, provided the patient has received
optimal medical therapy and has a life expectancy
greater than one year.

* Unlike ischemic cardiomyopathy, there is no Class
I recommendation for NIDCM, either in the SAC
consensus or the ESC guideline. In the American
consensus document, although ICD is listed as an
“appropriate option”, the score on the appropriate-
ness scale is lower.

* In patients with LVEF <35% and functional class
I (FC D), the ESC does not consider ICD implanta-
tion, and the SAC assigns it a Class IIb recommen-
dation, which—on the ordinal scale of recommen-
dations—is closer to Class III than to Class I.

e In patients with LVEF <35% and FC II/III, the
Class IIa recommendation indicates that ICD im-
plantation “should be considered”, which is far
from a Class I recommendation, where the inter-
vention is forcefully stated to be “indicated”.

FROM GUIDELINES TO DECISION-MAKING
How, then, can the above conclusions be translated
into clinical practice?

Table 1. Controlled clinical trials in non-ischemic dilated cardiomyopathy. Result expressed as hazard ratio (ICD vs. control) and

95% confidence interval.

AMIOVIRT (1) CAT (2)

0.69 (0.48-1.00) 0.81(0.33-1.91)

DEFINITE (3)

0.65 (0.40-1.06)

DANISH (4) SCD-HeFT (5)

0.87 (0.68-1.12) 0.73 (0.50-1.07)
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Table 2. Comparison of recommendations in non-ischemic dilated cardiomyopathy and ischemic
cardiomyopathy according to the guidelines from the Argentine Society of Cardiology (SAC), the European
Society of Cardiology (ESC) and the consensus statement from American College of Cardiology/American
Heart Association (ACC/AHA) on the appropriate use criteria for ICD, CRT and pacing.

NIDCM SAC ESC ACC/AHA
LVEF <35%, FC | IIb NC A7
LVEF <35%, FC I/l lla lla A8
Ischemic cardiomyopathy SAC ESC ACC
LVEF <30%, FC | I lla A8
LVEF <35%, FC I/l I I A9

Note: Members of the consensus panel of the American societies rated each clinical scenario using an appropriateness scale
from A1 to A9. Scores A7-A9 indicate an appropriate behavior for the specific indication: reasonable, generally accepted,
with benefits outweighing risks, and suitable to be included in the treatment plan, although its necessity depends on clinical
judgment and patient preferences. FC: functional class; LVEF: left ventricular ejection fraction; NC: not considered; NIDCM:

non-ischemic dilated cardiomyopathy

One possible approach is as follows: in the case of
a Class I recommendation, the clinician may ask: “Is
there any reason not to indicate this procedure?”. In
contrast, with a Class IIa recommendation, the ques-
tion is definitely different: “Is there any additional
finding that supports the indication?

From this perspective, the possible factors to con-
sider in patients with LVEF <35% and FC II/III (Class
ITa) may include:

* Syncope of unknown cause
* Positive electrophysiological study
* Other clinical conditions indicating a high risk of

SD
* Late gadolinium enhancement or high-risk genetic

variants

The last three factors require further considera-
tion.

What is referred to as “high-risk clinical condi-
tions” stems from post hoc analyses, which carry low-
er statistical value.

Regarding late gadolinium enhancement on car-
diac MRI, although observational studies have shown
an association with SD, ICD implantation in these pa-
tients did not reduce mortality. (16) This may explain
why the guidelines do not consider it. (17)

Finally, in patients with LVEF >35%, certain ge-
netic variants (LMNA, FLNC-truncating variants,
TMEMA43, PLN, DSE RBM20), associated with a high-
er incidence of SD are considered for a Class Ila rec-
ommendation only if additional risk factors are pre-
sent. (17) This conclusion reflects the fact that some
variants initially thought to indicate a poor prognosis
have since been reevaluated. For example, in the case
of sarcomeric variants in hypertrophic cardiomyopa-
thy, their prognostic value was questioned in the ESC
guideline, which states: “Variants classified as malig-
nant or benign have different phenotypic expression
and variable prognosis”, (“...multiple sarcomeric vari-

ants suggested to be associated with a worse prognosts,
other cohorts have not consistently reported this asso-
ciation...”), which then modified the assumption with
respect to previous documents (“Task Force does not
recommend the use of the presence of sarcomeric vari-
ant (s) to guide decisions around ICD implantation for
primary prevention”). (14) Could a similar change in
the original positioning be applied in the near future
to genetic variants associated with NIDCM?

CONCLUSION

This antagonistic position regarding the use of ICD
implantation in patients with NIDCM does not sup-
port the notion of an absolute contraindication;
however, it is sufficient to consider the indication as
non-systematic. As previously discussed, certain asso-
ciated factors should be present to justify the recom-
mendation. Moreover, in the absence of such factors
or if the complementary studies are unavailable, ICD
implantation may not be appropriate.

Finally, a reflection on the indication of ICD tai-
lored to the economic conditions of the Argentine
healthcare system.

In necrotic ischemic cardiomyopathy, the SAC
consensus states that “the appropriate indication of
ICD... in our setting requires the need to select higher-
risk groups in which to use this valuable therapeutic
resource”. (13)

If such a conclusion is reached in the context of
ischemic cardiomyopathy—where the level of evi-
dence is higher—then the concept must necessarily
be extended and reinforced in the context of NIDCM,
where both the evidence and the strength of guideline
recommendations are clearly lower.
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AGONIST REPLY

I congratulate Dr. Cagide for his analysis and his ex-
cellent role of antagonist in this controversy. I agree
with several of the points raised, particularly those
highlighting the need to identify clinical risk factors
that may support or not the decision to indicate an
ICD. Non-ischemic dilated cardiomyopathy repre-
sents a final common pathway for many conditions,
each associated with a different risk of SD. Genetic
testing is likely to play a more important role as it
becomes more accessible, as highlighted in the latest
European guideline recommendations. Although not
yet conclusive, myocardial fibrosis analysis may pro-
vide more insight in the future.

I believe that the suspected ventricular dysfunc-
tion caused by arrhythmias should always be con-
sidered by clinical cardiologists. There are reports of
LVEF above 35% after ablation of frequent ventricu-
lar ectopic beats and atrial fibrillation AF, excluding
the patient from the formal indication for ICD im-
plantation.

It is also essential to evaluate the relevant causes
of SD, i.e., many patients present with comorbidities
or advanced heart failure, making it clear that ICD
implantation would not alter the overall prognosis. In
this regard, the impact of advanced age in NIDCM is
particularly noteworthy, as highlighted by the DAN-
ISH study.

Finally, I agree with your comment: “In NIDCM,
the indication for ICD can only be considered after
three months from the initial diagnosis, provided that
the patient has received full medical treatment and
life expectancy exceeds one year”, to which I would
add: after a clinical assessment that weighs other po-
tential risk factors for SD and comorbidities affecting
overall prognosis.

Carlos Labadet

ANTAGONIST REPLY

A common point emerging from the arguments pre-
sented throughout this document is that the recom-
mendation for ICD implantation for the primary pre-
vention of SD in NIDCM is weaker than in ischemic
cardiomyopathy, reflecting a definitively lower level of
evidence.

In recent years, international guidelines have in-
corporated, alongside the strength of recommendation
and level of evidence, the concept of cost-effectiveness,
based on the economic impact of the proposed inter-
vention on healthcare system. These considerations
have recently prompted editorials and updates in spe-
cialty journals. In our setting, this issue is undoubt
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edly even more relevant.

However, if we now combine both conclusions, it
becomes clear that routinely recommending ICD im-
plantation for all patients with NIDCM is clearly un-
sustainable in our country.

Thus, the conclusion of the Argentine Society of
Cardiology guidelines is once again reaffirmed when

it recommends “adjusting” the indication for ICD im-
plantation in primary prevention in ischemic cardio-
myopathy. This leads us to apply the same reasoning
in NIDCM, where, as repeatedly noted, the level of
evidence is even lower.

Arturo Cagide
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ABSTRACT

Translational medicine can be described as the interdisciplinary application of biomedical research for the improvement of health
of patients and the society.

This article describes the translational medicine activities related to arterial biomechanics carried out by a group of researchers from
the IMETTYB (Instituto de Medicina Traslacional, Trasplante y Bioingenieria) CONICET (Consejo Nacional de Investigaciones
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RESUMEN

La medicina traslacional puede ser definida como la aplicacién de la investigacién biomédica para la recuperacion de la salud, tanto
de los pacientes como de la comunidad en un amplio campo interdisciplinario.

En este articulo se describe la actividad en medicina traslacional circunscripta a temas de biomecéanica arterial llevada adelante por

un grupo de investigadores del IMETTYB (Instituto de Medicina Traslacional, Trasplante y Bioingenieria) - Universidad Favaloro.

Palabras clave: Biomecénica arterial - Medicina traslacional - Rigidez arterial - Velocidad de onda de pulso - Espesor arterial - Far-

macos relacionados

INTRODUCTION
In 1996 Dr. Alberto Agrest wrote The Renin Saga.
(1) Renin, a chemical mediator, was discovered by Ti-
gerssted in the 19th century. Interestingly, it was the
Finnish researcher mentioned above who developed
the first quantification of arterial elasticity. (2) Renin
and pulse wave velocity (PWV), a benchmark of arte-
rial wall stiffness, are closely related to hypertension.
Although it took a century for the study of PWV to be
applied to large populations of hypertensive patients,
it is undeniable that this step from the experimental
stage to medical practice is an example of translation-
al medicine, according to current criteria. (3)
According to Rodolfo Rey, principal researcher at
CONICET and the director of CEDIE (Centro de In-
vestigaciones Endocrinoldgicas “Dr. César Bergada”),
CONICET-FEI-GCABA (Fundacién Endocrinolégica

Infantil-Gobierno de la Ciudad Auténoma de Buenos
Aires), "There are few institutions in Argentina that
have traditionally conducted translational research in
medicine because the groups that did basic research
and those that did clinical research were distant. Very
few places had both."

This article describes the translational medicine
activities related to arterial biomechanics carried out
by a group of researchers from the IMETTYB (Insti-
tuto de Medicina Traslacional, Trasplante y Bioing-
enieria) CONICET-Favaloro University.

About translational medicine

A definition accepted by the scientific community men-
tions that translational medicine would be the inter-
disciplinary application of biomedical research for the
improvement of health of patients and the society. (3)
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Biomedical research at the institution of the au-
thors of this article began as an isolated initiative
that later became associated with institutions such
as CONICET and INSERM (Institut National de la
Santé et de la Recherche Médicale, France). Research
was generated within the framework of cooperation
agreements, the most notable of which are those with
INSIBIO-CONICET (Instituto Superior de Investiga-
ciones Bioldgicas de San Miguel de Tucuméan) and the
Department of Physiology at the Faculty of Medicine
of the University of the Republic (Uruguay).

The original lines of research and subsequent
studies covered numerous areas of biomedical knowl-
edge. This article only mentions those related to arte-
rial biomechanics.

The experimental stage of knowledge that was
later applied in clinical practice included basic and
applied research. In this regard, it is important to ad-
here to the definitions of the Frascati Manual. (4)

Since we are dealing with more than four decades
of scientific production published at the regional level
and in peer-reviewed scientific journals, we will make
a synthesis considering only two main areas:

1. Indices and indicators of arterial function used in
biomedical laboratory research that were later in-
corporated into medical practice, and

2. Experimental models in which arterial function
was analyzed in a laboratory setting to character-
ize physiological and abnormal states.

Objectives

This article describes:

a. General aspects of how arterial biomechanics
evolved,

b. The beginnings of experimental laboratory re-
search,

c. A synthesis of experimental vascular function indi-
ces, and

d. The implementation and use of these indices in
clinical cardiology.

A brief history of the beginnings of arterial mechanics
The first scientific contribution to show a variable
involved in arterial mechanics was the measurement
of intra-arterial pressure in an equine performed by
Hales in 1733. (5) More than a century later, in 1847,
Karl Ludwig plotted the temporal pressures of a ca-
nine carotid artery. (6) A significant advance occurred
soon after, when Tigerstedt quantified the elasticity
of the vascular wall and determined the PWV for the
first time in 1893. (2) By 1933, Schretzenmayr (7) ex-
perimentally demonstrated that increases in arterial
flow produced an increase in vascular diameter.
Intraluminal pressures and arterial diameters are
variables used to characterize arterial mechanics.
However, these contributions were not incorporated
into medical practice until the second half of the 20th
century. Moreover, the noninvasive blood pressure
measurement technique developed by Riva Rocci in

1896 (8) did not significantly impact medical prac-
tice, despite the publication by John Welton Fisher
in JAMA in 1914 demonstrating the consequences of
hypertension. (9)

In 1922 Bramwell and Hill published an analysis of
arterial PWV and emphasized its dependence on the
elasticity of the vascular wall. (10) Then, in the second
half of the 20th century, the study of arterial mechan-
ics gained momentum when Hardung measured arte-
rial elasticity in 1953. (11)

First Argentine contributions to arterial biomechanics

The IMETTYB includes topics that began to be devel-
oped in 1983, as the line of research "Cardiovascular
Dynamics and Circulatory Support".

Since the 1980s, it has been possible to character-
ize the contributions of the components of the arterial
wall in chronically instrumented, conscious animal
models. (12-15) In this initial stage, the roles of col-
lagen, elastin, and vascular smooth muscle could be
identified in arterial pressure-diameter curves. This
information can currently be found in articles includ-
ed in PubMed. These investigations were conducted
in an experimental laboratory in Argentina, and the
data were analyzed in collaboration with French re-
searchers from INSERM led by Dr. Alain Simon.

Based on these investigations, our goal was to ana-
lyze the contributions of each of the three layers that
make up the arterial wall. For this purpose, we chose
an in vitro model to study the arterial wall dynam-
ics. And that is how we demonstrated for the first
time that variations in hematocrit caused changes in
vascular smooth muscle dynamics. (16) Next, we in-
corporated an anesthetized in vivo animal model to
characterize the role of the adventitia (17). Finally,
we used an in vivo animal model with heart failure
that was treated with intra-aortic balloon pumping to
demonstrate the role of the adventitia in the smooth
muscle dynamics of the arteries. (18)

At this stage, the experimental research carried
out at Favaloro University with a group of researchers
from University of the Republic (Uruguay) analyzed
the role of the endothelium in heart failure treated
with intra-aortic balloon pumping. (19)

Finally, we analyzed the dynamics of the isolated
media (muscular) layer (i.e., without the intima and
adventitia layers) under the same conditions. (20)

Summary of indices and indicators incorporated in
translational medicine
One of the criteria used to show the scientific activ-
ity in translational medicine was to compile a list of a
dozen indices and indicators of arterial dynamics de-
rived from publications in the experimental stage and
reports on their implementation in medical practice
(Table 1)

Since the authors are part of an interdisciplinary
group and of other biomedical research associations,
the bibliographic references include works with at
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Table 1. Vascular indices and indicators used at different stages of the process

INDICATOR

Arterial compliance

DABAC/SABAC

Arterial diameter

Arterial distensibility

Arterial thickness

Alx index

Peterson's module

Blood pressure

Arterial viscosity

Pulse wave velocity

EXPERIMENTAL STAGE

Chau 1992 (21), Cabrera Fischer 2010 (17),
Cabrera Fischer 2013 (18)

Cabrera Fischer 2004 (24)

Cabrera Fischer 1987 (12)

Armentano 1994 (28), Cabrera Fischer 2010
(17), Cabrera Fischer 2013 (18)

Cabrera Fischer 1988 (13)

Wray 2021 (30)

Cabrera Fischer 1991 (14), Cabrera Fischer
2005 (32), Cabrera Fischer 2009 (33)

Cabrera Fischer 1987 (12),
Cabrera Fischer 1988 (35)

Barra 1997 (39)

Armentano 1994 (28),
Cabrera Fischer 2010 (17)

MEDICAL PRACTICE STAGE

Chau 1992 (21), Christen 1997 (22),
Brandani 2000 (23)

Cabrera Fischer 2001 (25),
Camus 2004 (26)

Gamero 1999 (27)

Armentano 1995 (29)

Gamero 1999 (27)

Diaz 2018 (31)

Armentano 2006 (34)

Pessana 2021 (36), Sanchez 2020 (37),
Sanchez 2022 (38)

Christen 2010 (40)

Christen 1997 (22), Cabrera Fischer 2009
(41), Cabrera Fischer 2018 (42)

Alx: augmentation Index; DABAC/SABAC: index that quantifies the effects of intra-aortic balloon pumping (diastolic area beneath the aortic curve/

systolic area beneath the aortic curve).

Table 2. Contributions of research to medical practice

ENTITY

Endothelium

Vascular smooth muscle

HTN

HF

Atherosclerosis

Renal function

ANS control

ACEI

Beta blockers

Calcium channel blockers

EXPERIMENTAL STAGE

Cabrera Fischer 2002 (16)

Barra 1997 (39)

Cabrera Fischer 1993 (44)

Cabrera Fischer 1985 (45), Cabrera Fischer
2004 (46)

Cabrera Fischer 1991 (14)

Fischer P 2000 (48)

Risk 2004 (50)

44-Cabrera Fischer 1993 (44), Barra 1997
(39)

Crottogini 1987 (53)

Crottogini 1985 (55)

MEDICAL PRACTICE STAGE

Christen 2010 (40)

Armentano 2006 (43)

Gamero 1999 (27)

Cabrera Fischer 2001 (25)

Christen 2006 (47)

Sanchez 2007 (49)

Ramirez 2003 (51)

Ramirez 2019 (52)

Armentano 2001 (54)

Ramirez 2019 (56)

Clinical situations of normality, disease and therapeutics that ventured from the experimental stage at the biomedical laboratory to medical prac-

tice.

ACEIl: angiotensin-converting enzyme inhibitor. ANS: autonomic nervous system; HF: heart failure; HTN: hypertension.
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least one author from the institution. On the other
hand, it should be noted that not all indices or indi-
cators of arterial function have been included, as the
quantification of atherosclerotic plaque by fractal di-
mension analysis.

Table 1 includes the controversial blood pressure
augmentation index (AIx), which has been analyzed
experimentally since 2008 as part of a scientific and
technological research project funded by the National
Ministry of Science and Technology. Due to the lack
of convincing evidence regarding the sensitivity and
specificity of Alx, the decision was made to submit two
manuscripts summarizing the experimental and clini-
cal analyses.

Summary of the contributions of medical practice to
translational medicine

Table 2 lists the clinical conditions (normal and ab-
normal) that were analyzed in the experimental labo-
ratory and in medical practice, in parallel to the re-
ported uses of indices and indicators of function and
structures related to vascular biomechanics. Table 2
includes the treatments used in patients with specific
conditions for which biomechanical analysis is per-
formed or is under development.

Considerations on translational medicine in arterial
biomechanics

The study of cardiovascular pathophysiology in the ex-
perimental laboratory is supported by animal models
that replicate those published in the specialized litera-
ture. When there is a gap in the literature, new models
are developed, such as those published by the authors.
(45,18) This does not mean that experimental labora-
tory developments will always be transferred to medi-
cal practice. For example, the numerous works on ad-
ventitial function carried out by the IMETTYB group
are not cited because they have not ventured into the
field of patients. This fact underscores the wealth of
knowledge generated by the laboratory and the un-
derutilization of this knowledge in medical practice.

Just as the study of left ventricular function
analyzes the dynamics of the ventricular wall, arte-
rial mechanics focuses on the vascular walls. In both
structures, mechanical analysis provides functional
indices of significant diagnostic value. However, the
study of arterial biomechanics has been recently in-
troduced. This underscores the importance of using
and analyzing new vascular function indices in differ-
ent experimental models of various conditions.

In summary, the objectives of this article have been
developed using part of the analyses that have been
carried out and published over a period of four dec-
ades.
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Obstructive Sleep Apnea Syndrome: A Cardiovascular Risk Factor

Sindrome de apneas obstructivas del sueno: un factor de riesgo cardiovascular
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ABSTRACT

Obstructive sleep apnea syndrome (OSAS) is a disorder characterized by repeated episodes of complete or partial upper airway
obstruction during sleep. This condition is associated with a high prevalence of cardiovascular disease, including hypertension, ar-
rhythmias, heart failure, and cerebrovascular events. The underlying pathophysiology involves intermittent hypoxia, sympathetic
activation and oxidative stress, leading to endothelial dysfunction and cardiovascular remodeling.

Clinically, patients with OSAS usually present with excessive daytime sleepiness, snoring and morning headaches. Diagnosis is con-
firmed by polysomnography. The treatment of choice is continuous positive airway pressure (CPAP), a device that keeps the airway
open during sleep.

Numerous studies have demonstrated a causal relationship between OSAS and increased cardiovascular risk. Despite advances in
diagnosis and treatment, OSAS remains underdiagnosed and undertreated. Early identification and appropriate treatment with
CPAP are critical to improve the cardiovascular prognosis and quality of life of patients.

Keywords: Cardiovascular risk factors - Hypercapnia - Hypoxia - Polysomnography - Obstructive sleep apnea syndrome

RESUMEN

El sindrome de apneas obstructivas del suefio (SAOS) es un trastorno caracterizado por episodios repetidos de obstrucciéon completa
o parcial de las vias aéreas superiores durante el sueno. Esta condicion se asocia con una alta prevalencia de enfermedades cardio-
vasculares, que incluyen hipertension, arritmias, insuficiencia cardiaca y eventos cerebrovasculares. La fisiopatologia subyacente
involucra hipoxia intermitente, activacion simpética y estrés oxidativo, lo que conduce a disfuncién endotelial y remodelacion car-
diovascular.

Clinicamente, los pacientes con SAOS suelen presentar somnolencia diurna excesiva, ronquidos y cefaleas matutinas. El diagnéstico
se confirma mediante polisomnografia. El tratamiento de eleccién es la presion positiva continua en las vias respiratorias (CPAP),
un dispositivo que mantiene abiertas las vias aéreas durante el suefio.

Numerosos estudios han demostrado una relacién causal entre el SAOS y el aumento del riesgo cardiovascular. A pesar de los avan-
ces en el diagnéstico y tratamiento, el SAOS sigue siendo subdiagnosticado y subtratado. La identificacién temprana y el tratamiento
adecuado con CPAP son fundamentales para mejorar el pronéstico cardiovascular y la calidad de vida de los pacientes.

Palabras clave: Factores de riesgo cardiovascular - Hipercapnia- Hipoxia - Polisomnografia -Sindrome de apneas obstructivas del
sueno

INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a com-
plex disease with multiple symptoms and associated
comorbidities, characterized by the intermittent pres-
ence of apneas and hypopneas, i.e. total or partial ob-
struction of the airway, during sleep. This leads to a
state of hypoxemia, autonomic fluctuation, and sleep
fragmentation. (1)

Daytime and nocturnal symptoms or cardiometa-
bolic comorbidities are caused by obstructive sleep
apnea (OSA). Both terms (OSA and OSAS) are often
used interchangeably in the literature. (2)

The estimated prevalence of this disease is 3% in
women and 10% in men between 30 and 49 years of
age, and 9% in women and 17% in men between 50 and
70 years of age, (3) but among patients with hyper-

REV ARGENT CARDIOL 2025;93:225-232. https://doi.org/10.7775/rac.v93.i3.20892

Received: 10/09/2024 — Accepted: 04/18/2025

Correspondence: Silviana Sagardia. E-mail: silvinasagardia@hotmail.com

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

©Revista Argentina de Cardiologia

1 Hospital General de Agudos Dr. Juan Antonio Ferndndez, Autonomous City of Buenos Aires, Argentina.

2 SAC Council on Epidemiology and Cardiovascular Prevention

3 Director of the Superior Course of Cardiology of the District II College of Physicians, Province of Buenos Aire



226

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 93 N° 1/ FEBRUARY 2025

tension (HTN), heart failure (HF), atrial fibrillation
(AF), coronary heart disease, pulmonary hypertension
and stroke, the prevalence increases significantly. (4)

Most patients are unaware of the disease and, what
is worse, do not consider sleep disturbances relevant,
so they do not consult and are not diagnosed.

Currently, OSA is recognized as a problem that
generates a high cost to health systems worldwide.
The aim of this review is to understand the patho-
physiology, its importance as a risk factor and its rela-
tionship with cardiovascular disease (CVD).

Pathophysiology

The pathophysiology of OSA is the result of the inter-
action between alterations in upper airway anatomy
and upper airway function during sleep.

Morphologic abnormalities are the most common
factors contributing to upper airway obstruction (e.g.,
retrognathia, enlarged tonsils, and increased soft tis-
sue in the neck). In patients with decompensated HF,
jugular distention during supine decubitus may exac-
erbate OSA by increasing pressure in the hypophar-
ynx. (5)

Regarding the pathophysiological effects on the
cardiovascular system, apnea-hypopnea episodes
cause periodic hypercapnia and hypoxemia, with acti-
vation of the sympathetic nervous system and eleva-
tion of serum catecholamines. Both factors increase
heart rate and systolic blood pressure, and thus
myocardial oxygen consumption. Similarly, frequent
awakenings and lack of sleep due to periodic asphyx-
ia also activate the sympathetic nervous system. (6)
Over time, these hemodynamic changes eventually
lead to left ventricular hypertrophy and HF. In addi-
tion, hypoxemia promotes oxidative stress, systemic
inflammation and endothelial dysfunction, contribut-
ing to the development of atherosclerotic disease. To
counteract pharyngeal narrowing, negative intratho-
racic pressure is generated, which increases mechani-
cal stress on the cardiac chambers. This generates re-
modeling, with left ventricular hypertrophy and left
atrial enlargement. These maladaptive changes may
manifest as diastolic failure and AF.

Epidemiology and factors contributing to OSA

Obstructive sleep apnea is a common disorder in
adults, and its prevalence has increased with the in-
creasing presence of obesity. It is highly predominant
in populations with diabetes, hypertension, heart
disease, and stroke. Environmental factors also con-
tribute to the risk of OSA. The epidemiology of OSA
depends on the criteria used to diagnose the disease,
including how respiratory events are defined, apnea-
hypopnea index (AHI) cutoff points, and how diagnos-
tic tests are performed. The criterion of arterial oxy-
gen saturation (Sa0,) drop = 4 % for hypopneas may
have greater association with patients who are older,
male, obese, and have underlying cardiac disease (e.g.,
HEF, coronary artery disease, AF, or diabetes). The

American Academy of Sleep Medicine (AASM) defines
hypopneas more broadly (desaturation =3 % or awak-
ening) and allows the inclusion of more variable sleep
disturbance phenotypes seen in younger, non-obese,
and female patients. (2)

A meta-analysis of 17 studies estimated that 936
million adults aged 30-69 years worldwide suffer from
mild to severe OSA, with prevalence exceeding 50%
in some places. (7) The prevalence of OSA is associ-
ated with gender, obesity, and age. It is higher in men
(2:1), but rates increase in women after menopause,
and become nearly equal in older adults. Prevalence
increases with age, particularly in those over 60 years
of age.

Obesity is the main modifiable risk factor for OSA.
There is an association between OSA and increased
waist circumference and neck circumference (with in-
creased prevalence of OSA in those with values >43
and 41 cm in men and women, respectively). (2)

Craniofacial anomalies that narrow the upper air-
way or increase airway collapsibility may explain the
occurrence of severe OSA despite the absence of obe-
sity. Other less well-established risk factors include
smoking, family history of OSA, and nocturnal nasal
congestion.

The use of substances such as alcohol or benzodi-
azepines can exacerbate pre-existing OSA. (4)

Clinic
The signs and symptoms of OSAS are summarized in
Table 1.

Diagnosis and detection of OSA

Obstructive sleep apnea is usually suspected on the
basis of symptoms and confirmed by diagnostic tests,
which may be performed by a home sleep apnea study,
multichannel polysomnography, or overnight labora-
tory testing.

Laboratory polysomnography is the gold standard
for the diagnosis of OSA, but it can be expensive and
difficult to access.

Validated questionnaires can be a quick tool to
stratify patient risk.

The diagnosis requires:

1) reported nocturnal breathing disorders (snor-
ing, snorting, gasping, or pauses in breathing during
sleep) or symptoms of daytime sleepiness or fatigue
that are not explained by other medical conditions.

2) an AHI =5 episodes/hour.

OSA can be diagnosed in the absence of symptoms
if AHI is =15 episodes/hour. Empirical categorization
is based on AHI from: 5 to <15 (mild), 15 to 30 (mod-
erate), and >30 (severe). (8)

Recent research has identified hypoxia burden as a
predictor of increased CVD risk. (9)

The detection of this pathology is done by ques-
tioning the patient, which should include questions
about the frequency and severity of snoring, gasp-
ing and snorting during sleep, frequent awakenings
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or sleep interruptions, and excessive daytime sleepi-

ness. The most commonly used screening question-

naires are the STOP-BANG questionnaire (Table 2),

the Berlin questionnaire (Table 3), and the STOP

questionnaire. (10) These questionnaires sensitivity
is between 77% and 89%, but have lower specificity

(32%-34%). The use of the Epworth sleepiness scale

is not recommended, as it has higher specificity (67%)

but low sensitivity (42%). (10)

On the other hand, given the strong association be-
tween OSA and numerous cardiovascular conditions,
screening is recommended in patients with:

- Resistant or poorly controlled HTN, pulmonary ar-
terial hypertension (PAH) and recurrent AF.

- NYHA FCII to IV HE, with suspected sleep breath-
ing disorders or excessive daytime sleepiness.

- Tachycardia-bradycardia syndrome, ventricular
tachycardia or sudden death survivors and sus-
pected sleep disturbances.

- Angina of nocturnal occurrence, myocardial in-

farction, arrhythmias or appropriate discharges
from implantable cardioverter-defibrillators.
- History of stroke

Cardiovascular consequences
Obstructive sleep apnea is an independent risk factor
for CVD. It is also recognized to be associated with
metabolic disorders, closely related to cardiovascular
diseases. While sleep fragmentation and respiratory
stress are contributing factors to OSA-associated pa-
thologies, several clinical studies associate AHI with
cardiovascular events. Furthermore, intermittent
hypoxia, which mimics the repetition of oxygen satu-
ration-desaturation cycles, has been shown to be the
main mechanism responsible for OSA-associated car-
diovascular and metabolic complications. (11)

Cardiovascular complications include HTN, AF
and other arrhythmias, HF, coronary

artery disease, stroke, PAH, metabolic syndrome,
diabetes, and cardiovascular mortality. It is a condi-

Table 1. Clinical manifestations and association with physical examination in obstructive sleep

apnea syndrome (OSAS).

Signs and Symptoms Physical examination

Excessive daytime sleepiness
Morning headaches
Memory impairment
Irritability

Problems with concentration
Nocturia

Erectile diffusion and decreased sexual desire

Obesity
Increased neck circumference

Craniofacial abnormalities

Table 2. STOP-BANG Questionnaire

Item evaluated Finding

Snoring

Tiredeness

Observed
Blood Pressure

BMI
Age
Neck circumference

Gender

> 3 or 4 findings= high risk of OSA
< 3 findings= low risk for OSA
BMI: body mass index; OSA: obstructive sleep apnea

Snoring loudly (more than talking or loud enough to be

heard through a closed door).
Often fatigue or daytime sleepiness
Observed to stop breathing during sleep

High blood pressure or current treatment for
hypertension

>35 kg/m?
>50 years
>40 cm

Male
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Table 3. Berlin Questionnaire

1) Berlin Questionnaire (BQ)
Name and surname.............c...oeeeiniiiieeeieeennn.

Weight............ Age........... BMI
CATEGORY 1

1. Do you snore?

o a.Yes

o b.No

o ¢ Don't know

If you snore

2. Your snoring is:

a. A little louder than breathing

b. As loud as talking

¢. Louder than talking

d. Very loud (can be heard from another room
How frequently do you snore?

a. Almost every day

b. 3-4 times per week

c. 1-2 times per week

d. 1-2 times per month

e. Never or almost never

Has your snoring bothered other people?
a. Yes

b. No

¢. Don't know

Has anyone noticed you stop breathing while sleeping?
a. Almost every day

b. 3-4 times per week

c. 1-2 times per week

d. 1-2 times per month

©O O OO 0O WMo OO0 MO OOOO WO O O O

e. Never or almost never

Berlin Score

CATEGORY 2
How often after sleeping do you feel tired?
a. Almost every day
b. 3-4 times per week
c. 1-2 times per week
d. 1-2 times per month
e. Never or almost never
Do you feel tired during the day?
a. Almost every day
b. 3-4 times per week
c. 1-2 times per week
d. 1-2 times per month
e. Never or almost never
Have you ever fallen asleep while driving?
a.Yes
b. No
you answered Yes

== O O ® O O O O O N O O O O O o

How often does this happen to you?
a. Almost every day

b. 3-4 times per week

c. 1-2 times per week

d. 1-2 times per month

© o o o 0w

e. Never or almost never

CATEGORY 3

10. Do you have high blood pressure?
o a. Yes

o b.No

o c. Don't know

Category 1 (positive > 2 points). -Questions 1-4 = 1 point each. Question 5 = 2 points

Category 2 (positive > 2 points)- -Questions 6-8 = 1 point each.
Category 3 (positive if BMI is > 30Kg/m? or there is HTN

High risk = 2 positive categories (positive Berlin)

Low risk = < 1 positive category (negative Berlin)

BMI: body mass index; HTN: hypertension

tion with negative feedback potential, exacerbating
disorders that in turn may worsen OSA.

The relationship between OSA and hypertension
has been extensively investigated and there is con-
vincing evidence that there is a dose-effect relation-
ship between the severity of OSA and the degree of
blood pressure (BP) elevation. (12)

The pathophysiological mechanisms by which OSA
contributes to BP elevation are multifactorial. On the
one hand, OSA-induced hypoxemia causes systemic
inflammation and oxidative stress, resulting in in-
creased endothelin-1 generation and decreased nitric

oxide production in endothelial cells, increased arteri-
al peripheral resistance, and elevated BP. On the other
hand, periodic hypoxemia, frequent awakenings and
lack of sleep cause activation of the sympathetic nerv-
ous system, which leads to increased cardiac output
and peripheral vasoconstriction, and thus promotes
BP elevation. Patients with OSA have a higher prev-
alence of isolated diastolic HTN and the underlying
mechanism could be due to tachycardia and shorten-
ing of diastole. Compared with subjects without OSA,
subjects with OSA also have greater activation of the
renin angiotensin system. Taken together, these ef-
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fects lead to an elevation of BP due to vasoconstriction
and sodium and water retention. In addition, primary
hyperaldosteronism is very prevalent in subjects with
OSA, highlighting the importance of screening them
for primary hyperaldosteronism. These patients are
more likely to develop drug-resistant HTN. Finally,
sleep deprivation due to OSA has been shown to be
associated with endothelial dysfunction and arterial
stiffness. (13)

Adherence to continuous positive airway pressure
(CPAP) is associated with greater reductions in noc-
turnal BP

OSA and atrial fibrillation share many risk fac-
tors and comorbidities (male sex, HTN, congestive HF,
coronary artery disease). The presence of OSA has
been shown to predict pre-discharge AF after coro-
nary revascularization surgery. In addition, untreated
OSA doubles the risk of AF recurrence in patients
after electrical cardioversion, and treatment of OSA
with CPAP attenuates that risk. (14,15)

Multiple possible mechanisms can trigger AF in
patients with OSA, but underlying to hypoxia and hy-
percapnia. Altered intrathoracic pressure generates in-
creased sympathetic tone and autonomic dysregulation.
This may lead to structural and functional atrial remod-
eling and cause electrophysiological alterations. (16)

Treatment of AF is more difficult in these patients.
In the ORBIT-AF trial, patients with OSA had signifi-
cantly worse symptoms, even though they were under
rhythm control therapy. People with OSA had more
episodes of recurrent AF, even after catheter ablation.
Treatment of OSA is indispensable for the proper
management of AF and maintenance of sinus rhythm.
The cohort of patients treated with CPAP in the OR-
BIT-AF trial were less likely to progress to persistent
AF compared with those who did not receive such
treatment. Moreover, other trials have demonstrated
less AF after catheter ablation in patients with OSA
treated with CPAP compared with a risk of up to 57%
AF recurrence in those not treated with CPAP. (17,18)

Although it seems reasonable to optimize sleep
quality to avoid complications such as AF, to date
there is no evidence to support the use of CPAP to
prevent AF. The SAVE study failed to demonstrate
significant differences in patients treated with CPAP
vs. control. (19,20)

In addition to AF, OSA is associated with other car-
diac rhythm disturbances and sudden cardiac death.
These include sinus pauses, ventricular tachycardia
and first-degree atrioventricular block. Nocturnal hy-
poxemia is independently a strong predictor of sudden
death. In general, patients experience a reduction in
cardiac arrhythmias when treated with CPAP. (21)

Obstructive sleep apnea and heart failure share
numerous risk factors and pathophysiological mecha-
nisms, which together may contribute to HF progres-
sion or refractoriness to treatment. Obstructive sleep
apnea has a high prevalence and is associated with
adverse outcomes in patients with HF, related to hos-

pitalization and mortality. There is also an increased
risk of central sleep apnea in these patients.

Obstructive sleep apnea is more frequent in HF
patients with reduced left ventricular ejection frac-
tion (LVEF), with an estimated prevalence ranging
between 12% and 53%.

Although confirmatory studies are lacking, it is
postulated that OSA may adversely affect HF patients
through several mechanisms. Heart failure is a state
of sympathetic overactivity in addition to the auto-
nomic imbalance associated with OSA in response to
hypoxemia, which may generate concomitant physi-
ological stress. Moreover, the rise in intrathoracic
pressure due to inspiratory effort exerts an increase
in transmural pressure in the heart and great vessels,
leading to increased afterload, reduced stroke volume,
and higher myocardial oxygen consumption. (22)

Considering these pathophysiological mechanisms,
CPAP therapy would be expected to have benefits in
patients with HF. In addition to improving airway ob-
struction in OSA and reducing inspiratory effort, CPAP
decreases venous return (preload) and may attenuate
sympathetic activity. However, these physiological ben-
efits have not yet translated into improved clinical out-
comes in patients with OSA and HF. (23, 24)

In patients with HF and central sleep apnea, con-
tinuous positive airway pressure is associated with
improved sleep quality and nocturnal oxygenation but
has not been shown to affect survival. (25)

Regarding coronary artery disease, the preva-
lence of OSA in patients presenting with acute coro-
nary syndromes (ACS) is up to 69%. In addition, OSA
has been associated with an increased risk of adverse
events after ACS. (6)

Intermittent hypoxia and concomitant increased
sympathetic activity, inflammation, endothelial dys-
function, and elevated blood pressure are associated
with higher risk of cardiovascular morbidity and mor-
tality. Obstructive sleep apnea has been associated
with coronary artery calcification, plaque instabil-
ity, and vulnerability. During obstructive apneas, in-
creased adrenergic tone and hypoxemia may increase
the risk of myocardial ischemia. (2)

Patients with suspected OSA who present with
ACS are more likely to be male and have conventional
risk factors. On admission, these patients have higher
levels of BP, C-reactive protein, and B-type natriuretic
peptide (BNP), all of which are long-term predictors of
CV morbidity and mortality. (6) Obstructive sleep ap-
nea has also been associated with an increased risk of
adverse events after percutaneous coronary interven-
tion (PCI) for ACS. One study followed-up 89 consecu-
tive patients after PCI for ACS for a mean of 227 days.
The incidence of major adverse events (cardiac death,
reinfarction, and revascularization of the treated ves-
sel) was significantly higher in patients with OSA
(23.5% vs. 5.3%). (26)

Whether CPAP therapy reduces the risk of myo-
cardial infarction is still debated, and the timing of
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starting treatment in the acute setting is a point of
discussion.

Obstructive sleep apnea is highly prevalent (55%)
among hemorrhagic stroke patients and significantly
increases the risk of ischemic stroke. (27)

It also increases the risk of stroke through a varie-
ty of factors that lead to vascular damage in the brain.
Repeated hypoxia can cause damage to the endothe-
lium and release of proinflammatory factors, such as
plasma cytokines, tumor necrosis factor-alpha, and
interleukin-6. This may ultimately cause vascular
dysfunction by increasing endothelin, neurovascular
oxidative stress, and susceptibility to injury. (2)

Untreated OSA in stroke patients can cause cogni-
tive impairment, decreased concentration, and exces-
sive daytime sleepiness, which may prolong hospital
stay and hinder rehabilitation. (28)

Trials with CPAP in post-stroke patients, despite
their difficult follow-up, have shown promise for
stroke recovery and secondary prevention. (29)

The prevalence of OSA is as high as 70% to 80%
among patients with pulmonary arterial hyper-
tension diagnosed by right heart catheterization. (30)

Obstructive sleep apnea should always be ruled
out because of 3 conditions: it is associated with high-
er mortality; it requires adjustment of the appropriate
treatment; and due to the possibility of coexistence
with other PAH etiologies that might require differ-
ent treatment strategies.

Although the mechanism behind PAH associated
with OSA is not fully understood, it is postulated to be
due to a combination of factors including pulmonary
arteriolar remodeling, susceptibility to hypoxia, and
underlying left heart disease. (31)

A study of WHO group I PAH patients showed
that there was no significant difference in mortality
between patients with and without OSA; however,
mortality was significantly higher in patients with
nocturnal hypoxemia, suggesting that the duration
and severity of oxygen desaturation, characteristic of
OSA, is an important risk factor for the development
of PAH. (32)

Although data on the effect of CPAP on hemody-
namic variables have been inconsistent, some reviews
conclude that CPAP therapy is associated with a re-
duction in mean pulmonary artery pressure (mPAP)
in patients with OSA and PAH. (33,34)

Although CPAP appears to improve hemodynamic
variables including mPAP and systolic PAP in patients
with OSA and PAH, the mechanisms are still unclear.

As we know, in the context of metabolic syn-
drome and type 2 diabetes, the severity of insulin
resistance is directly related to nocturnal hypoxia in
non-obese patients with OSA.

Alterations in lipid metabolism are also observed
in patients with OSA.

The desaturation index, another indicator of the
severity of nocturnal hypoxia, has been identified as
an independent contributor to hypercholesterolemia

and hypertriglyceridemia. (35)

In patients with metabolic syndrome, the preva-
lence of moderate to severe OSA is very high, around
60%. In this population, OSA is independently asso-
ciated with increased glucose and triglyceride levels,
as well as markers of inflammation, arterial stiffness
and atherosclerosis. (36, 37) Although CPAP has been
shown to reduce blood pressure and markers of sym-
pathetic activation, it has not been shown to affect li-
pid levels, glycemic control, or rates of metabolic syn-
drome or diabetes. (1)

Prognosis

Moderate and severe OSAS are associated with an in-
creased risk of vascular complications and all-cause
mortality. This relationship may differ between gen-
ders. (38) Observational studies have shown a sig-
nificant reduction in mortality with positive airway
pressure, with greater risk reduction observed among
patients with HE. However, large randomized con-
trolled trials have not yet demonstrated an effect of
positive airway pressure, including CPAP, on survival.
(24) In an analysis of the Sleep Heart Healthy Study,
CPAP prescription was associated with 42% lower
mortality among patients with severe OSAS, but this
risk reduction was not observed until 6 to 7 years of
follow-up. (39)

Treatment

There are numerous treatment options for OSA. (5)
Lifestyle intervention and weight loss of 10% reduces
AHI by 26%.

Continuous PAP treatment during sleep is indi-
cated with AHI =15, or =5 with symptoms (daytime
sleepiness, cognitive impairment, mood disorders or
insomnia), or comorbidities (hypertension, ischemic
heart disease or history of stroke).

The objective is to avoid airway collapse with con-
stant positive inspiratory and expiratory pressure. It
requires a nocturnal laboratory titration study and an
adherence of 40-80 % (4 hs or more per night) during
70 % of the period of use is defined.

Continuous PAP treatment showed improvement
in somnolence, blood pressure and quality of life.
Sometimes there is intolerance to the treatment due
to problems of adaptation to the mask, claustropho-
bia, nasal congestion, or dry mouth or nose.

In patients intolerant to CPAP therapy or requir-
ing additional ventilatory support, bi-level positive
airway pressure (BiPAP) therapy is a treatment alter-
native since it allows the use of different inspiratory
and expiratory pressures and is useful in patients who
cannot tolerate high expiratory pressures. Adherence
is similar to that of CPAP (40-80 %). (40)

Adaptive servoventilation (ASV) may be an option
for OSA, especially in cases where apnea persists or
is complicated by central apnea in the absence of HF
(LVEF <45 %). (41)

Positional therapy is indicated in cases of isolated
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events, or predominantly in supine position (AHI is
twice as high in the supine position than that in the
lateral decubitus position). In selected patients it has
a similar efficacy to CPAP. Long-term adherence is low
(10%) due to discomfort.

Oral appliances are an alternative to CPAP for
mild to moderate obstructive apneas. Adherence is
generally higher than for CPAP, and as with CPAP,
there is improvement in sleepiness, ambulatory blood
pressure and markers of inflammation. They should
be prescribed by a physician and adjusted by a quali-
fied dentist.

Upper airway surgery is an acceptable alternative
on occasions when there are multiple levels of ob-
struction and collapse.

Finally, bariatric surgery in patients with body
mass index =35 kg/m2, may improve OSA in addition
to its multiple metabolic benefits. (42)

CONCLUSIONS

Obstructive sleep apnea is a growing health problem
affecting nearly one billion people worldwide, and is
an independent cardiovascular risk factor.

The cardiovascular and metabolic comorbidities
associated with this entity are a major concern, due
to the worsening prognosis and the complexity of in-
tegrated treatment.

Intermittent hypoxia, a characteristic factor of
OSA, is the key intermediary mechanism underlying
metabolic and cardiovascular complications.

Understanding the molecular pathways involved
in the metabolic and cardiovascular consequences of
OSA is a priority for new pharmacological tools, in
combination with, or as an alternative to continuous
positive pressure.

Continuous positive airway pressure, first-line
therapy for the treatment of OSA, is very effective
in improving symptoms and quality of life, but has
limited effect on comorbidities. Lifestyle changes and
weight loss should be part of the treatment whenever
indicated.

The current literature clearly points to OSA as an
emerging risk factor for modulating the cardiometa-
bolic consequences of cardiovascular disease. Howev-
er, OSA is commonly underdiagnosed.

There are several challenges. We need to do more
screening for OSA in patients with both cardiovascu-
lar disease and traditional risk factors. There is need
to provide a cost-effective way to perform adequate
screening and diagnosis of OSA in millions of patients
with other manifestations. Portable monitoring and
new technologies for OSA diagnosis are promising
options in high-risk groups, as full polysomnography
may not be readily available
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Is Endomyocardial Biopsy Essential for Heart Transplant Follow-Up?
“The essential may be invisible to the microscope.”

¢Es indispensable la biopsia endomiocardica para el sequimiento del trasplante cardiaco?
ANABELLA ORELLANO'®, CESAR A. BELZITI'"

ABSTRACT

Endomyocardial biopsy is considered the gold standard for diagnosing and monitoring acute heart transplant rejection. However,
due to its invasiveness and limitations, alternative diagnostic methods have emerged. The most developed include gene expression
profiling and determination of donor-derived cell-free DNA (liquid biopsy).

Both methods enable surveillance of rejection beyond early months post-transplantation. They have shown promising results when
used individually as well as when combined. Their main strength lies in their high negative predictive value to rule out acute rejec-
tion.

Nevertheless, further work is needed to establish standardized cut-off points, validate these methods in unselected populations
and at earlier stages post-transplantation, improve access to these techniques, and conduct larger studies using clinically relevant
endpoints.

Key words: Liquid biopsy - Gene expression profiling - Acute rejection - Heart transplantation - Endomyocardial biopsy
RESUMEN

Se acepta a la biopsia endomiocardica como el patrén de oro para el diagnédstico y la vigilancia del rechazo agudo del trasplante
cardiaco. Pero debido a su invasividad y limitaciones, han surgido otros métodos diagnésticos que permiten detectar rechazo del
injerto. Los mas desarrollados son el perfil de expresion génica y la determinacién de ADN libre circulante del donante (biopsia
liquida).

Ambos métodos permiten realizar vigilancia del rechazo mas alla de los primeros meses del trasplante. Su uso en forma aislada y
especialmente su combinaciéon ha mostrado muy buenos resultados. Su principal mérito es la posibilidad de descartar rechazo debido
a su alto valor predictivo negativo.

Aun queda pendiente establecer los puntos de corte, probarlos en poblaciones no seleccionadas y en etapas mas precoces del tras-
plante, mejorar la accesibilidad a estas técnicas y disponer de estudios de mayores dimensiones que usen puntos finales de impor-
tancia clinica.

Palabras clave: Biopsia liquida - Perfil de expresién génica - Rechazo agudo - Trasplante cardiaco - Biopsia endomiocardica

INTRODUCTION

Heart transplantation is recognized as the optimal
therapeutic option for patients with end-stage heart
disease.

Transplant rejection and infections are the most
frequent complications during the first year post-
transplantation. Since rejection may result in graft
loss, early detection is crucial to initiate timely and
appropriate treatment. (1)

In 2021, an observational and retrospective study
conducted in our country reported findings consistent

with international data, showing that acute rejection
was the leading cause of hospitalization during the
first year post-transplantation, being cellular rejec-
tion the most predominant. (2)

Acute rejection encompasses a broad spectrum of
presentations, ranging from hemodynamic deteriora-
tion to genetic alterations, each with different possi-
ble diagnosis. (3) (Figure 1)

Hemodynamic deterioration, most commonly pre-
senting as heart failure, can be diagnosed through a
thorough medical history and physical examination,

REvV ARGENT CARDIOL 2025;93:233-238. https://doi.org/10.7775/rac.v93.i3.20890

Received: 01/15/2025 — Accepted: 03/10/2025

Correspondence: Anabella Orellano. E-mail: anabella.orellano@hospitalitaliano.org.ar

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

©Revista Argentina de Cardiologia

1 Cardiology Department, Institute of Cardiovascular Medicine, Hospital Italiano de Buenos Aires, Autonomous City of Buenos Aires, Argentina.


https://orcid.org/0009-0000-8922-0584

234

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 93 N° 1/ FEBRUARY 2025

as well as through basic diagnostic tests, such as labo-
ratory analysis and chest X-ray.

Imaging studies can identify structural and/or
functional alterations. Echocardiography and mag-
netic resonance imaging (MRI) can detect increased
myocardial thickness, diastolic dysfunction, ventricu-
lar dilatation and systolic dysfunction, which may be
suggestive of rejection, but, unfortunately, at a more
advanced stage than desired, since the objective is to
anticipate structural organ damage and initiate early
treatment. (4-9)

For this reason, endomyocardial biopsy (EMB) has
become a routine diagnostic procedure. Endomyocar-
dial biopsy reveals microscopically different degrees
of cellular infiltrate, necrosis, and/or hemorrhage,
which are indicators of rejection. Moreover, it allows
for grading the severity of rejection and guiding ap-
propriate treatment.

At the molecular level, the release of graft-derived
deoxyribonucleic acid (DNA) can be determined by
quantifying the percentage of donor-derived cell-free
DNA (dd-cfDNA), representing a diagnostic alterna-
tive for identifying rejection.

Finally, at the genetic level, specific variants asso-
ciated with rejection have been identified. Gene ex-
pression profiling (GEP) allows for the identification
of patients at higher risk of rejection.

Within the clinical-genetic spectrum, the closer we
get to the molecular level, the earlier we can detect
the event. (10-12)

PROBLEM STATEMENT

The most widely used and cost-effective technique
for diagnosing and monitoring transplant rejection
is the EMB. Although it has adequate sensitivity and
specificity for detecting cellular rejection, it has cer-
tain limitations, including its invasiveness, potential
complications, inconsistency in grading intermediate
levels of cellular rejection and challenges in interpret-
ing antibody-mediated rejection.

Among the complications of EMB, cardiac tam-
ponade—although rare (<0.5%)—and the potential
to induce tricuspid regurgitation must be mentioned.
(13,14)

A key factor to consider is that current immuno-
suppressive therapy has significantly reduced the in-
cidence of acute rejection. Additionally, most routine
EMB procedures are performed in asymptomatic pa-
tients with a low probability of rejection, which fur-
ther reduces the diagnostic performance of this tech-
nique. (15)

Over the last few decades, a reduction in the inci-
dence of rejection has been observed across all inter-
vals post-transplantation. A comparative observation-
al study of two groups of transplant recipients—those
transplanted between 1990 and 2000, and those trans-
planted between 2000 and 2010, found that although
the latter group had more risk factors for developing
rejection, the incidence was lower in this group at all
intervals post-transplantation (0-6 months: 60.2%
vs. 21.5%, p<0.001; 6-12 months: 26.8% vs. 1.8%,

Fig. 1. Diagnostic methods for acute transplant rejection according to the spectrum of presentation
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p<0.001; 12-36 months: 32.3% vs. 10.5%, p=0,006).
(16)

The decline in the rejection incidence, particularly
after the sixth month, markedly reduces the probabil-
ity of its detection by EMB in asymptomatic patients.

It can be concluded that during early post-trans-
plant stages, rejection remains the leading cause of
hospitalization and mortality, and that the current
diagnostic method is invasive, involves complica-
tions, and its diagnostic performance decreases after
six months post-transplantation in asymptomatic pa-
tients, who represent the majority. These factors un-
derscore the need for new strategies to enhance this
scenario.

The methods discussed in this article focus on de-
tecting molecular and genetic alterations, beyond the
scope of the microscope.

MOLECULAR AND GENETIC DIAGNOSTIC TECHNIQUES
Donor-derived cell-free DNA (dd-cfDNA)

Under normal conditions, the continuous turnover of
cells in various tissues results in the presence of circu-
lating cell-free DNA in the bloodstream. The principle
underlying the dd-cfDNA technique is the release of
donor genetic material into the recipient's blood. Con-
sequently, the detection and quantification of this ma-
terial may raise alerts during the patient follow-up. It
is well established that rejection induces the release
of greater amounts of the donor DNA, leading to el-
evated levels in the recipient's blood. Donor-derived
cell-free DNA is expressed as the percentage of the
donor DNA relative to the total cell-free DNA in the
analyzed sample. The term liquid biopsy has become
widely accepted to describe this technique.

A comparative study of dd-cfDNA and EMB
showed the normal value of dd-cfDNA and its corre-
lation with the histological grade of rejection. This
study also demonstrated that an increase in the dd-
c¢fDNA percentage precedes to histological evidence of
rejection. (17)

In 2018, the Donor-Derived Cell-Free DNA-Out-
comes AlloMap Registry (D-OAR) research group
found that dd-cfDNA had a higher negative predictive
value (NPV) than EMB after 55 days post-transplan-
tation. (18)

In an observational study, the Genomic Research
Alliance for Transplantation (GRAfT) included 171
transplanted recipients monitored by EMB and dd-
c¢fDNA. It was found that 80% of patients with dd-
cfDNA levels suggestive of rejection (value >0.25%),
had not been identified by EMB, and the vast major-
ity of these patients subsequently developed clinically
evident rejection during follow-up. (19,20)

The DEDUCE study demonstrated that, after the
second year of follow-up, dd-cfDNA levels progres-
sively increased and were associated with the develop-
ment of graft vasculopathy, reducing the sensitive of
acute rejection diagnosis. (21)

Patients with higher grade of cellular rejection ex-

hibit a greater percentage of cell-free DNA. Antibody-
mediated rejection is also associated with elevated lev-
els of cell-free DNA as the rejection grade increases.
These levels are typically higher than those observed
in cellular rejection and are characterized by a distinct
amino acid composition.

A consistent finding across all studies is that this
technique has a high NPV, approximately 97-99%, and
has led to a reduction in the number of EMB proce-
dures. EMBs were performed only when dd-cfDNA
levels were markedly elevated, to confirm rejection
and categorize its severity.

In conclusion, this technique may be used after the
early post-transplant stage, from the second or third
month after transplantation. Its high NPV primarily
facilitates the exclusion of both cellular and antibody-
mediated rejection, even earlier than EMB, and is as-
sociated with a decreased frequency of routine EMB
procedures. (22-26)

Gene expression profiling (GEP)

The way in which our genes are expressed determines
the functional phenotype of all cells, including im-
mune function.

The expression of certain lymphocyte genes has
been associated with an increased response and a
higher likelihood of cellular rejection.

The most widely used commercial tests detect the
presence of 11 genes associated with rejection, estab-
lishing a risk score based on their activation profile.

Some of the genes involved include CD3E (lym-
phocyte activation) and NKG7 (cytotoxicity), among
others. (27)

A prospective study by the International Society
for Heart and Lung Transplantation (ISHLT) showed
that more than 55 days post-transplantation, heart
transplant recipients with a low gene expression pro-
filing (GEP) score did not experience rejection with
hemodynamic compromise, death or retransplanta-
tion. This validated the use of GEP in populations at
low immune risk.

This technique has demonstrated a high NPV
(around 98%), but a low positive predictive value
(PPV), although not inferior to that of routine EMB
procedure.

As with the dd-cfDNA technique, fewer EMB pro-
cedures were performed in patients monitored by
GEP (28)

The cut-off point at which the GEP score is con-
sidered elevated varies, depending on the baseline
immune risk (e.g. sensitized patients) and time post-
transplantation. It must be determined serially, since
it may vary over time. (29-31)

Regarding the limitations of GEP, it does not allow
determining whether damage is occurring at the time
of assessment, nor is it useful for diagnosing antibody-
mediated rejection, as it identifies genetic variants in
the lymphocytes, which are responsible for cellular
rejection. (32,33)
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Fig. 2. Combined use of dd-cfDNA and genetic expression profiling

Gene expression profiling dd-cfDNA
Negative Negative
Positive Negative
Negative Positive
Positive Positive

Combination of diagnostic tests

According to the evidence analyzed to date on molecu-
lar and genetic tests, each technique has been used
individually, but they can be used in combination.

The ISHLT published a prospective, observational,
multicenter study that included 2077 patients who
underwent both tests (GEP and dd-cfDNA) between
2018 and 2021. It is important to note that this study
only refers to cellular rejection.

The results were classified as follows:

- Double negative

- Positive GEP / negative dd-cfDNA

- Negative GEP / positive dd-cfDNA

- Double positive

The incidence of cellular rejection was very low in
the double-negative group, 1.5%, compared to 22% in
the double-positive group, with intermediate values
observed in the other groups.

Using this strategy, the number of EMB proce-
dures decreased significantly (8.8% in the double-
negative group) compared to previous levels, and the
2-year survival rate was 94.9%. Only 2.7% of patients
experienced graft dysfunction.

The author’s interpretation of the results is shown
in Figure 2. If both tests are negative, rejection is con-
sidered unlikely, whereas if both tests are positive,
rejection is considered highly probable. When GEP is
positive and dd-cfDNA is negative, other causes of im-
mune activation, such as infections, should be consid-
ered. When only dd-cfDNA is positive, cellular or an-
tibody-mediated rejection must be ruled out. (31,32)

Clinical applicability and areas of uncertainty
Is EMB the gold standard for diagnosing acute heart
transplant rejection?

According to the references analyzed, it could be
said that EMB is the complementary study with the
greatest sensitivity and specificity during the first
months post-transplantation. Beyond the disadvan-
tages due to its invasiveness and potential complica-
tions, it can be said that after 3 months and even more
after 6 months post- transplantation, EMB loses sen-
sitivity, leaving its complications as the main concern.

Another aspect to highlight is that the assessment
of the myocardium is partial, as we only examine small
samples, and although the inflammation caused by re-
jection is systemic, it starts in patches. Therefore, in

Interpretation

Rejection is unlikely
Other causes of immune activation
Rejection is ruled out

Rejection is highly probable

response to the first question, it can be accepted that
during the first 3 months post-transplantation, EMB
continues to be the gold standard. After this period,
GEP and dd-cfDNA techniques have shown excellent
NPV for ruling out rejection, thus reducing the need
for invasive diagnostic tests.

Regarding the ability to detect rejection, dd-cfDNA
technique has shown, in some registries, better sensi-
tivity and specificity than GEP, and also the ability to
detect both cellular and antibody-mediated rejection.

Gene expression profiling indicates whether there
is activation of the immune system, but it does not
provide information about tissue injury. Therefore, it
would be a good complement to dd-cfDNA technique.
Both techniques have been shown to reduce the num-
ber of biopsies per person-year during follow-up.

It is important to note that most studies included
patients at low immune risk; they were not recent
transplant recipients nor were they sensitized. Con-
sequently, the incidence of rejection in these studies
was very low, which means that we do not know the
sensitivity and specificity in a general population of
transplant recipients.

There are no studies that assess their performance
beyond 5 years post-transplantation. However, this is
not a clinical concern. From 6 months to 5 years post-
transplantation, the analyzed studies showed good re-
sults, and rejection can be detected even earlier than
with EMB.

The IMAGE study assessed, through a question-
naire, how the different diagnostic tests impacted
patients’ quality of life, showing markedly favorable
results for the less invasive techniques.

Considering the analyzed information, a surveil-
lance scheme can be proposed combining the different
diagnostic techniques, adjusting each one to its best
diagnostic profile at different stages of follow-up.

Thus, from the immediate postoperative period up
to 2-3 months post-transplantation, EMB has been
shown to be the best method to detect rejection, since
all new trials were conducted in patients at least 55
days post-transplantation.

After this period, a scheme using the new surveil-
lance techniques would allow for earlier detection of
rejection and a reduction in the number of EMB.

This scheme has been validated only in patients at
low immune risk and asymptomatic. In cases of symp-
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toms or imaging suggestive of rejection, EMB should
be performed.

Theoretically, GEP and dd-cfDNA determination
could allow titration of immunosuppressants. Evi-
dence is still lacking, but some ongoing studies, such
as MOSAIC, are exploring this objective. (34)

Both dd-cfDNA and GEP are being used in many
transplantation centers, but not yet in Argentina,
where economic limitations exist.

In most of these studies, these techniques were
compared with EMB as the gold standard. Conducting
larger studies with clinical endpoints, such as mortal-
ity or retransplantation, is still a pending issue.

Undoubtedly, these techniques provide valuable
information, but several aspects remain to be clari-
fied:

Cut off point for dd-cfDNA.

Cut-off point for GEP.

Value at an earlier post-transplant stage.

Value in sensitized population.

Should a positive dd-cfDNA be treated as rejec-

tion?

Is it possible to adjust the immunosuppressants

dosing based on the values of these techniques?

7. General access to these tests.

8. Availability of study results including clinical end-
points.

Considering the available information on heart
transplant rejection, it can be said, paraphrasing An-
toine de Saint-Exupéry, that “what is essential may be
invisible to the microscope.”
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Endo-Epicardial Catheter Ablation of Ventricular Tachycardia in
Arrhythmogenic Right Ventricular Cardiomyopathy

Ablacion endo-epicardica de taquicardia ventricular en miocardiopatia arritmogénica del

ventriculo derecho
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Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is a genetic, structural heart disease charac-
terized by the progressive atrophy of the ventricular
myocardium and replacement by fibro-fatty tissue. It
has been widely described that ARVC typically pro-
gresses from the epicardium to the endocardium;
therefore, the results of ablation via the endocardial
approach are limited. Some studies involving a small
number of patients suggest that a combined endo-epi-
cardial approach yields better results. We present the
case of a 38-year-old male patient with ARVC who was
referred to our center due to an electrical storm and
was treated using the endo-epicardial approach.

The patient was diagnosed with ARVC at age 18,
when cardiac magnetic resonance imaging revealed in-
ferolateral gadolinium enhancement in the right ven-
tricle (RV). An implantable cardioverter-defibrillator
(ICD) was implanted in 2014 for secondary prevention
of sudden death. He was referred to our department
due to multiple episodes of ventricular tachycardia
(VT) with appropriate ICD shocks (3 episodes within
the last 24 hours). Doppler echocardiography showed
RV dilatation with preserved systolic function; the RV
diameter was 45 mm in the 4-chamber view. Tricuspid
annulus plane systolic excursion (TAPSE) was 24 mm
and peak systolic velocity at the lateral tricuspid an-
nulus by pulsed wave tissue Doppler imaging (S-wave
TDI) was 0.08 m/s. Right ventricular fractional short-
ening was 38%. We decided to perform endo-epicardial
catheter ablation.

Under general anesthesia, programmed ventricu-
lar stimulation was performed from the RV apex
(S1S1-S2: 600-320 ms) inducing sustained VT with
complete left bundle branch block morphology, infe-

rior axis and R wave transition in V4, and absence of
hemodynamic instability. The procedure continued
with activation mapping during VT and scar mapping
of the RV outflow tract, with the area of the greatest
interest in the anterior region of the RV (precocity of
25 ms), topo-stimulation: 94%. The next step was the
epicardial approach.

The procedure began with the instillation of lido-
caine, followed by the needle-in-needle technique to
access the pericardium. A 18G external needle was
inserted below the xiphoid process. After inserting
the 18 needle, a 21 micropuncture needle was intro-
duced and advanced until the heartbeat was felt, indi-
cating entry into the pericardial space. Radio-opaque
contrast was injected to confirm optimal positioning.
Then, a 0.018-inch guidewire was advanced through
the micropuncture needle. After verifying the correct
positioning of the needle within the pericardial sac,
the needle was removed. A flexible introducer was ad-
vanced and the 0.018-inch guidewire was exchanged
for a 0.032-inch guidewire. A standard 8F introducer
was advanced over this guidewire.

The Pentaray mapping catheter and the con-
tact force sensing ablation catheter were advanced
through the 8 Fr introducer. A non-fluoroscopic-based
three-dimensional navigation system was used for
epicardial anatomical reconstruction and to create an
activation map of VT with evidence of its entire circuit
and of mesodiastolic potentials in the anterior region
of the RV. This resulted in the cessation of VT.

Voltage map and isochronal late activation map-
ping (ILAM) with deceleration zones were created
during sinus rhythm. There was evidence of greater
scar extension in this area, as well as late potentials in
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Fig. 1. A. Endocardial right ventricular (RV) activation mapping. B. Ventricular tachycardia. C. Voltage map. D. Epicardial approach
with guidewire placed in the pericardium, ablation catheter in the right ventricular outflow tract (RVOT) and intracardiac ultra-
sound probe in the right atrium. E. ECG showing sinus rhythm with inverted T-waves in the right precordial leads. F. Catheter in
the pericardium for mapping points in high-density mapping, ablation catheter in the RVOT, ultrasound probe. G. Applications
of radiofrequency energy from the endocardial surface of the RV.
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Fig. 2. A. Fluoroscopy showing contact force sensing catheter in the pericardium. B. Activation map from the pericardium. C.
Ventricular tachycardia. D and E. Isochronal late activation mapping (ILAM) with deceleration zones in coincidence with the
activation map during tachycardia. F. Sinus rhythm with late potentials. G. Applications of radiofrequency (RF) energy from the
epicardium. H. G. Applications of RF energy from the endocardium and epicardium.
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the anterior region of the RV, in coincidence with the tions of radiofrequency energy (25 W) were delivered
activation map. Topo-stimulation was performed with  using an external contact force sensing catheter with
98% agreement in the same area. A total of 35 applica- an irrigated tip until the diastolic potentials disap-
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peared during sinus rhythm. Endocardial applications
were complemented from the anterior region of the
RV (35 W). At the end of the procedure, programmed
ventricular stimulation was performed (S1-S1-S2:
500-280-280 ms) up to the ventricular refractory pe-
riod, without inducing VT. A pericardial drain was
left in place for 48 hours, and no complications devel-
oped. After a 10-month follow-up period, the patient
remained free of arrhythmias.

The patient's progress indicates that voltage and
deceleration maps in sinus rhythm are a useful tool
that correlates with the activation map during tach-
ycardia, and that VT ablation with a first-line endo-
epicardial approach provides promising results in pa-
tients with ARVC.
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A Case Report

Pericarditis aguda asociada a enfermedad de Graves-Basedow: a propdsito de un caso
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Acute pericarditis is a frequent reason for consultation
in clinical practice and the viral etiology is the most
common in our setting. Among non-infectious causes,
autoimmune and inflammatory diseases stand out, ac-
counting for 5-15% of cases of acute or recurrent peri-
carditis. (1) Regarding endocrine-metabolic etiologies,
the relationship between pericardial disease and hypo-
thyroidism is well known, (2) but its possible associa-
tion with hyperthyroidism has only been described in
isolated cases such as the present one. (3)

The patient is a 72-year-old woman with hyper-
tension and colon adenocarcinoma in remission since
2009 as the only relevant medical history, who pre-
sented to the emergency department with progressive
exertional dyspnea, orthopnea, and lower extremity
edema of three- week evolution. She also reported
weight loss, nervousness, and tremors for the past
four months, coinciding with a period of increased
stress. Physical examination revealed absent vesicular
murmur in the lung bases and pretibial pitting edema.
On arrival, laboratory tests showed B-type natriuretic
propeptide (NT-proBNP) value of 9452 pg/mL as the
only finding of interest. An electrocardiogram (ECG)
presented sinus rhythm with negative T waves in the
right precordial leads and no other abnormalities. The
transthoracic echocardiogram exhibited preserved bi-
ventricular function with moderate mitral and tricus-
pid regurgitation, and minimal pericardial effusion
(Figure 1A). During her stay in the emergency depart-
ment, she presented with palpitations, and de novo
atrial fibrillation at 120 bpm, so frequency control
treatment (bisoprolol 2.5 mg/24 h) and anticoagula-
tion were initiated (Figure 1B).

After the first few days of admission, she showed
good improvement in congestive signs, with resolu-
tion of symptoms and spontaneous return to sinus
rhythm. An endocrinology evaluation was requested
due to TSH <0.01 mU/L, for a normal value (NV) of
0.27 - 4.2 mU/L, with elevated free thiroxine and thy-
roid peroxidase antibodies of 5.44 ng/dL (NV 0.8 - 1.8
ng/dL) and 513 IU/ml (NV <34 IU/ml), respectively.

Fig. 1. A. Echocardiogram with minimal pericardial effusion.
B. ECG showing atrial fibrillation with controlled ventricular
response.

Further testing with thyroid-stimulating immuno-
globulin antibodies, which revealed elevated levels
(31.7 IU/L for a NV<1.75 IU/L), as well as scintig-
raphy (Figure 2A) and thyroid ultrasound, showed
findings consistent with Graves-Basedow disease. The
condition was interpreted as the first decompensation
of heart failure in the context of hyperthyroidism, and
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Fig. 1. A. Thyroid scintigraphy showing a thyroid gland of normal morphology, diffusely enlarged, with increased uptake and
homogeneous distribution of the radiotracer, consistent with diffuse hyperfunctioning goiter. B. ECG in sinus rhythm at 70 bpm.
Note the diffuse PR segment depression with inferolateral ST-segment elevation with a concave morphology, not present on

previous ECGs.

treatment was started with oral methimazole, 10 mg
every 8 hours.

Seventy-two hours after starting antithyroid treat-
ment, the patient presented a fever peak of 38°C and
chest pain consistent with pericarditis, with pericardial
friction on auscultation and ECG (Figure 2B) compat-
ible with acute pericarditis, and no pericardial effusion
on a new echocardiogram. Anti-inflammatory treat-
ment was started with ibuprofen 600 mg every 8 hours
and colchicine 0.5 mg daily, with rapid resolution of
symptoms. In serial blood tests, inflammatory markers
remained low: C-reactive protein 4 mg/L, negative PCT
with normal leukocytes and negative cultures.

The patient was discharged in a state of euvolemia,
with diuretic, antithyroid, and anti-inflammatory
treatment initiated during hospitalization.

Graves' disease is an autoimmune thyroid disorder
and the leading cause of hyperthyroidism. Its most
common cardiovascular manifestations are atrial fi-
brillation, tachycardia, and heart failure. (1) Its rela-
tionship with acute pericarditis has been previously
published by multiple authors, with cases progressing
to cardiac tamponade (2) or recurrent pericarditis. (3).
Although the underlying pathophysiology is unknown,
some authors have proposed as a mechanism the in-
teraction of autoantibodies with pericardial receptors,
similar to what occurs in cases of ophthalmopathy and
dermopathy associated with this disease. (4) Other hy-
potheses are based on the relationship between both
entities and viral infections such as the Epstein-Barr
virus, or the direct toxicity of thyrotoxicosis on the fat
metabolism of the pericardium. (2) Finally, published
cases of acute pericarditis after initiation of antithy-
roid treatment could suggest a possible direct rela-
tionship with these drugs. In our case, the temporal
relationship of only 72 hours after the initiation of an-
tithyroid treatment does not seem to point to a direct
association, given that in previously published cases,

the onset of symptoms is significantly later, occurring
from two weeks (4) to several years later. (5)

Acute pericarditis is a common condition and is
usually harmless, although in some cases it can lead
to high morbidity and mortality in the absence of
treatment. Graves-Basedow disease is one of the few
conditions associated with pericarditis that could ben-
efit from targeted treatment. Although the causality
between the two has not yet been established, it is im-
portant to recall their association for the proper man-
agement of patients with symptoms compatible with
both conditions.
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I LETTERS FROM READERS

The importance of understanding the reality of heart failure in our

community

La importancia de conocer la realidad de la insuficiencia cardiaca en nuestro medio

CRISTHIAN EMMANUEL SCATULARQ- MTAC,

Heart failure (HF) is a clinical syndrome caused by
structural and/or functional impairment of the heart,
characterized by objective evidence of congestion or
insufficient tissue perfusion, associated with elevated
natriuretic peptides (1-3). It has an increasing inci-
dence and prevalence, related to increased life expec-
tancy and the expansion of cardiovascular risk factors
in the global population, generating high direct and
indirect costs in health systems as a result of progres-
sive hospitalizations due to decompensation of the dis-
ease. (1-3)

In this regard, it is essential to describe the main
clinical, demographic, and socioeconomic characteris-
tics of patients with HF, the available diagnostic tools,
and the treatments used, in order to improve the
management of this condition in our daily practice.
Knowing our patients with HF is imperative from a
healthcare perspective.

The registry SEPE-HF (Santa Cruz epidemiology
and research on heart failure) has attempted to de-
scribe epidemiological aspects and the medical man-
agement of patients hospitalized for HF in different
hospitals in the city of Santa Cruz de la Sierra (Bo-
livia), one of the most important cities in the country
and therefore with a large volume of patients under
follow-up. (4)

Firstly, it should be noted that most of the char-
acteristics described in relation to risk factors, clini-
cal management, and mortality are similar to other
registries in the region, highlighting the increasing
prevalence of HF with preserved ejection fraction and
the high burden of diabetes mellitus and atrial fibril-
lation. (5)

In this cohort, Chagas cardiomyopathy is one of
the main etiologies in patients with HF over 50 years
of age, surpassing ischemic and valvular causes. This
is clearly related to its geographical distribution, the
chronicity of the disease, and the high rate of infes-
tation in the population in previous years. These pa-

tients are frequently hospitalized for congestion or
arrhythmic complications and have a poorer progno-
sis, highlighting the need for studies to evaluate the
behavior of HF in patients with Chagas disease. (3)

It should also be noted that echocardiograms
were performed on only 75% of hospitalized patients,
which could be related to the unavailability of this re-
source in some centers. We must therefore continue to
deepen our understanding of the difficulties faced by
health systems in our region and how to create pos-
sible solutions.

With regard to the therapeutic approach, this reg-
istry highlights the opportunity that hospitalizations
represent to optimize the entire spectrum of outpa-
tient treatment, including specific drugs for HE, hy-
gienic-dietary measures, and vaccination, in order to
prevent further decompensations. (1-3)

Heart failure registries, such as ARGEN-IC and
SEPE-HF, are a real stimulus for new population
studies to understand how this disease behaves in our
region. (4,5)
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Dear Scatularo, Cristhian Emmanuel

We appreciate your interest in our work recently
published in the journal of the Argentine Society of
Cardiology. Your valuable comments on the clinical
characterization of heart failure in our SEPE-HF reg-
istry representing the city of Santa Cruz de la Sierra,
Bolivia, are greatly appreciated. The detailed descrip-
tion of epidemiological aspects, limitations in diagnos-

tic access, and therapeutic opportunities provides a
clear perspective on the challenges in managing HF in
resource-limited settings. In this context, we are con-
ducting a subanalysis of the SEPE-HF registry, which
complements the study's overview by identifying as-
sociations between etiologies, comorbidities, and pre-
cipitating factors of decompensation. This detailed
analysis allows us to identify mixed clinical patterns
that could correspond to specific HF phenotypes with
different prognostic and therapeutic implications.
This approach favors the development of more per-
sonalized and effective strategies based on the local
epidemiological reality.

It undoubtedly enriches the scientific discussion
and encourages us to continue generating local evi-
dence on HE.

Sincerely,

Roberto Cristodulo

On behalf of the authors

Interventional Cardiologist National Health Fund, Obrero No. 3,
Santa Cruz, Bolivia.

dr.robertocristodulo@gmail.com

Extreme Adaptation of the Cardiovascular System: A Look from

Antarctica

Adaptacion extrema del sistema cardiovascular: una mirada desde la Antdrtida

BRUNELLA BERTAZZO™

The extreme living conditions in Antarctica represent
a unique natural setting for studying human physi-
ology. Recent work by Puigdomenech et al., carried
out at the Belgrano II Antarctic Base, analyzes how
prolonged confinement, photoperiod alteration, and
extreme isolation affect cardiovascular function in a
group of healthy military personnel over a 12-month
period. (1)

The study shows a significant decrease in heart
rate and blood pressure, both at rest and during ex-
ercise, accompanied by an increase in heart rate vari-
ability. This pattern, consistent with a predominance
of vagal tone, suggests a positive neurovegetative ad-
aptation, with no differences between the months of
continuous light and darkness. The absence of atmos-
pheric pollution may have favored this behavior.

These findings are consistent with previous studies
conducted in similar contexts. Arendt et al. described
how changes in light exposure at Antarctic bases af-

fect circadian rhythms and autonomic functioning. (2)
Mairesse et al. after a prolonged stay in Antarctica,
also observed neurobehavioral and sleep adaptations
reflecting a favorable physiological reorganization. (3)

Garrett-Bakelman et al., as part of the NASA
Twins Study, reported a decrease in heart rate and
blood pressure during prolonged space flights, find-
ings that reinforce the analogy between Antarctic
conditions and space missions. (4)

In addition, Rajagopalan et al. highlighted the
direct link between exposure to environmental pol-
lution and cardiovascular dysfunction, emphasizing
the importance of the environment in regulating au-
tonomic tone. (5) In this sense, Antarctica's clean air
is positioned as a relevant modulating factor.

The article by Puigdomenech et al. not only pro-
vides original data, but also invites us to consider Ant-
arctica as a valuable experimental model for research
in extreme and space medicine. The implications of
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these results range from occupational medicine in re-
mote conditions to the preparation of extra-planetary
missions. Understanding how the cardiovascular sys-
tem adapts in these contexts is key to addressing new
challenges in science and global health.
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Dear Dr. Brunella Bertazzo

We would like to thank you for your opinion about
our work.

We agree with your opinions and the comparisons
with other experiences in extreme living conditions.

We observed an increase in autonomic nervous
system activity over cardiac function, which suggests
an increased neurovegetative pattern, predominantly
vagal.

This hibernation state resembles that of another
mammal, the bear. In the boreal winter, it initiates a
state of lethargy that allows it to conserve energy and
survive the scarcity of food and the low temperatures
typical of this season. Hibernation is not a constant
deep sleep, but rather a significant reduction in me-
tabolism, heart rate and body temperature.

Physiologically, its heart rate drops from 40-50 to
about 10 beats per minute, respiratory rate drops by
half, and temperature is reduced by 4 to 5 degrees Cel-
sius.

Future research will provide us with additional in-
formation on biochemical parameters (acetylcholine,
melatonin, cortisol, noradrenaline, etc.) that will ex-
plain more clearly the mechanisms involved in this
physiological adaptability to these extreme conditions.

Ricardo Iglesias



I IN MEMORIAM

On June 10, 2025, Dr. Roberto Lang—an interna-
tionally renowned leader in the field of echocardiog-
raphy—passed away after a short illness. His accom-
plishments and contributions have left a lasting mark
on cardiac care worldwide. His death is an irreparable
loss for his family, his numerous friends he made over
the course of his 73 years, and the entire cardiology
community, which regards him as a true master. He
was always willing to support those in need, and his
absence is deeply felt by all of us who had the privilege
of knowing and respecting him.

Dr. Roberto Lang’s contributions to science are
immeasurable. He served as Director of the Noninva-
sive Cardiac Imaging Laboratories and as Professor
of Medicine and Radiology at the University of Chi-
cago. Throughout his extensive career, he published
over 720 articles on cardiac imaging and physiology,
authored more than 120 book chapters, and edited
12 books. He was also on the editorial boards of the
world’s leading cardiology journals.

Many of us shared unforgettable moments with
him: we fondly recall his participation in Miguel Angel
Garcia Fernandez’s congresses, particularly the Echo
Wars, where he brought humor and fearlessness by
donning the most unexpected costumes.

I must also mention the intimate interview dur-
ing Martin Lombardero’s course at La Rosa Negra in
2017, where he shared tales from his student days at
the University of Buenos Aires and his sudden depar-
ture to Israel in 1977.

As president of the American Society of Echocar-
diography (ASE) in 2010, he played a key role in hav-
ing Buenos Aires selected as the inaugural host city of
the World Summit of Societies—an event that was a
resounding success in 2011.

Over the last eight years, together with Dr. Sal-
vador Spina, we had the opportunity to share with
him the examination boards of the National Board

Beyond the Image: In Memory and
Legacy of Dr. Roberto Lang

Mas alla de la imagen, memoria y legado del
Dr. Roberto Lang

of Echocardiography (NBE) and the Sociedad Intera-
mericana de Imagenes Cardiovasculares (SISIAC). He
will be greatly missed.

He did not like to be called Bobby, Robbie, or Rob-
ert—he was Roberto, an Argentinian at heart, with a
four-dimensional soul. He often ended his lectures in
Latin America with a resounding “iViva Argentina!”
(a phrase that reflected his deep love for his country).

Roberto Lang was a one-of-a-kind innovator and
a trailblazer in the field of ultrasound. He introduced
real-time 3D transesophageal echocardiography, a
technique that delivers exceptionally high-quality
images. In 2006, he conducted the world’s first study
using this technique, which revolutionized the evalua-
tion of cardiac structures. His ongoing research in this
field has changed the approach to echocardiography
forever.

He was a visionary ahead of his time: his presenta-
tions on holographic imaging, virtual reality, and ar-
tificial intelligence not only predicted the future, but
also helped to shape it.

Recognized around the world for his deep commit-
ment to education, he participated in every course,
congress, roundtable, symposium, and workshop
to which he was invited. He never missed a single
event—except for the births of his two grandchildren.

He lived in the same city, Chicago, for 40 years,
where—together with his wife Lily, whom he met in
Buenos Aires—he raised their children: Dr. Gabriel
Lang, a gastroenterologist, and Daniella Lang, a psy-
chologist.

He was not only an exceptional scientist but was
even more remarkable for his humanity. He always
found time to share his knowledge and passion for im-
aging in a way that showed a generosity rarely seen
among great scientists.

In the professional realm, he left an immense lega-
¢y in the field of echocardiography. But on a personal
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level, his impact was even greater. He was a man who
inspired, loved, and guided his family, made others
laugh and remained humble despite being recognized
as one of the greatest figures in contemporary cardiol-
ogy.

He was an exceptional person. Those of us who
had the privilege of spending time with Roberto will
miss his kindness, brilliant intellect, generosity, deep
respect for others and humanistic view of medicine,
which was never overshadowed by the advanced tech-
nology he mastered.

Throughout his life, he witnessed and participated
in the entire evolution of echocardiography, from the
early days of M-mode to automated 4D imaging, virtu-
al reality, and the application of artificial intelligence
to ultrasound. He was a passionate about the most so-
phisticated advancements in new technologies and Al
in daily medical practice.

He often said that nothing would be the same
after artificial intelligence arrived in medicine, and

that future generations of students would require a
completely different kind of education. He predicted
that those who failed to adopt Al in the coming years
would be considered dinosaurs. Nevertheless, he
never ceased to raise the ethical and moral issues sur-
rounding its misuse.

We will remember him as a beacon that lit the way
for everyone who came into contact with him. His ab-
sence leaves an enormous void; we have lost a brilliant
scientist, a friend, a brother and an extraordinary hu-
man being, someone who was truly set apart from the
rest.

Dear Roberto, may your smile continue to light our
path, since we owe the best in us to you.

Roberto Lang has become a legend, and I am con-
vinced that his legacy will live on forever in the thou-
sands of hearts he touched.

Jorge LowensteinVTsAc



I SAC PRESIDENT’S LETTER

SAC and its Commitment to Medical Residencies and Continuing

Education

La SAC y su compromiso con las residencias médicas y la formacion continua

The founders of the Argentine Society of Cardiology
(SAC), who came from renowned national universities
(such as those of Buenos Aires, Cérdoba, and Rosa-
rio) as well as from prestigious public hospitals, had a
strong commitment with the quality of medical edu-
cation and clinical research. The intellectual heritage
of the SAC is closely linked to Bernardo Houssay and
is evident in its founders and presidents, including
Braun Menéndez, Oscar Orias, and Alberto Taquini.
These leaders demonstrated that the essence of our
institution lies in education and research. (1,2)

As part of this founding commitment, the Teach-
ing Department, which is now part of the Institute
of Continuing Education, is proud to offer a biannual
course generated from SAC’s headquarters and a
three-year course in the district of Cérdoba. Between
both, they have provided theoretical training to more
than 550 residents throughout the country for over
30 years.

Doctors Trongé and Iglesias led the first medical
education consensus in cardiology published in the
Argentine Journal of Cardiology, where they estab-
lished the objectives and procedures for training car-
diology residents. (3)

From 2012 to 2015, the SAC developed the Medi-
cal Residencies Manual, a painstaking effort involv-
ing several members of our society, including Hugo
Grancelli, Amanda Galli, Héctor Roiter, Alberto Alves
de Lima, Jorge Thierer, and Ricardo Migliore, among
others. This document served as the basis for the pub-
lication of the Reference Framework for Medical Resi-
dencies Training: Cardiology Specialty, published by
the National Ministry of Health in 2015, which accu-
rately describes the objectives of a residency and the
competency profile for the training of medical human
resources in cardiology. (4)

In light of the recent conflict with medical resi-
dents in national hospitals, the SAC addressed the
medical community through the Medical Societies
Forum, which represents a broad spectrum of special-
ties in adults. We communicated our position on the
conflict, which we consider a symptom of the serious
situation of the health system, which has suffered
progressive deterioration over time. It is imperative
to discuss how the residency system is financed, in-

cluding the teaching structure and the time devoted
to teaching and research. This irreplaceable training
system must be reevaluated, encouraging it as a path
to medical specialties and ensuring the necessary tools
for its sustainability and that of residents in their life
projects.

For the SAC and the Medical Societies Forum, resi-
dency is, above all, an intensive learning stage that
must be carried out under adequate supervision, with
opportunities for reflection, training, and teaching
support. Although healthcare is part of the training
process, it cannot displace the main goal of the resi-
dency: the comprehensive training of resident physi-
cians and, above all, the patient s safety.

Several public and private institutions, together
with their medical professionals, are making a signifi-
cant effort to sustain residency programs in order to
ensure quality training. These programs, in addition
to benefiting professional training, produce commit-
ted and well-trained specialists, adding value to the
community.

The discussion in recent weeks about medical resi-
dencies should not be limited to the form of a salary or
scholarship payment; it should include a reconsidera-
tion of the health system that values this training tool
not only for its technical quality, but also as a means of
transmitting values and academic rigor. It should con-
sider the economic sustainability of the institutions
that offer training systems, as well as the encourage-
ment and recognition of teachers and mentors.

In light of the current worrying situation, charac-
terized by a lack of coverage of vacancies in various
specialties and an increase in dropouts during resi-
dencies, we must not lose sight of our priorities.

In this regard, the SAC is focused on the promo-
tion of the “University Institute”. Together with Drs.
Héctor Deschle, Ricardo Iglesias, Marcelo Trivi, Ale-
jandro Hita, Marisa Pagés, and others, and with the
expert support of Amanda Galli, our objective is to de-
velop a general profile of the physician, and based on
this premise, to establish objectives for the design of a
training system and the topics to be covered.

General Profile of the Physician We Need

“To accomplish the role of transformative leader-
ship in health realities and of representative agent of
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individuals and social groups before the health care

system, in order to become defenders of the HEALTH

CARE SYSTEM.”
The cardiologist must accomplish the following:

1. Medical Knowledge
Sound scientific and technical training in the cor-
responding field of health sciences, supported by
knowledge and understanding of basic sciences
and relevant social sciences. The candidate will
possess the skills to recognize situations and prob-
lems that affect the health of individuals and social
groups, promoting the preservation, maintenance,
and development of these individuals, community
groups, and general society health.

2. Communication
Development of broad communication and man-
agement skills to implement changes in the health
system, and interact in multi-professional teams
to provide comprehensive health care to both indi-
viduals and the community. The cardiologist must
also be able to work cooperatively in interdiscipli-
nary teams and perform effectively anywhere in
the country, possessing the necessary knowledge
to plan and evaluate health services and resources.

3. Management
Optimization in the use of new technologies, tak-
ing into account ethical and financial issues, and,
especially, the patient “s benefit.

4. Health Promotion
Promotion training in healthy lifestyles through
communication skills to guide individuals and
groups in their health protection, and improve the
quality of care by responding to all the patient’s
health needs through promotion, protection, and
recovery services. Acknowledge the health needs
of each individual and the community, achieving
a balance between the patient s expectations and
those of society at large, both in the short and long
term.

5. Research
Adequate training to contribute to research and
knowledge management related to health, to share
and disseminate this knowledge, as well as to rec-
ognize its limitations and the need for ongoing up-
dating of skills inherent to their professional prac-
tice.

6. Professionalism and Ethics
Have a broad humanistic education and a clear
vision of responsibility and social justice, as well
as ethical and deontological training to possess

a clear awareness that the honor and dignity of

the profession constitute a paradigm of high per-

formance and prestige in society. The cardiologist
must strengthen behavioral sciences knowledge to
establish an appropriate doctor-patient relation-
ship, understanding the psychological, social, and
cultural dimensions of health and disease process-
es, and practice the profession respecting profes-
sional ethics in the context of different delivery
modalities (public, private, social security).

7. Primary care training strengthening.

Strong primary care can contribute to strengthen-
ing the overall performance of the health system
by providing affordable and accessible care; coor-
dinating patient care so that they receive the most
appropriate services in the appropriate setting; re-
ducing avoidable hospital admissions.

Cardiologists who promote the SAC must be
competent professionals in the care of patients
with cardiovascular conditions, respecting the
cultural, humanistic, and ethical values of pa-
tients and their families, and acting within the
framework of medical ethics.

The SAC’s commitment to its mission of improv-
ing the country “s cardiovascular health and its vision
of being a leader in cardiovascular health training and
information in our country and the region are the rea-
sons for our existence and what we have been working
for as a team on a strategic plan in line with the times
we live in.

In memory of Dr. Houssay, I leave you with one
of his quotes: “Science is not expensive; ignorance is
expensive.”

Pablo Stutzbach MTSAC
President of the Argentine Society of Cardiology
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