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Portada: Tomografia cardiaca de CIA, posterior al cierre con dispositivo percutaneo. Imagen proporcionada por el Dr. Sergio Patron Chi.
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EDITORIAL

Evolucion de la imagen en el Instituto Nacional de Cardiologia
Ignacio Chavez

Evolution of imaging in the National Institute of Cardiology Ignacio Chavez

Denise M. Rendon-Olguin, Victor J. Lara-Ameca* y Regina De la Mora-Cervantes

Departamento de Radiologia e Imagen, Instituto Nacional de Cardiologia Ignacio Chavez, Ciudad de México, México

En la medicina actual es casi imposible imaginar una
institucién en la que no se empleen los métodos de
imagen para el diagndstico. Sin embargo, esto no siem-
pre fue asi. Aunque ya han transcurrido mas de cien
afos desde las primeras imagenes que permitieron
visualizar el interior del cuerpo humano, marcando una
revolucién en la historia médica, la radiologia sigue
siendo una de sus ramas mas jovenes, lo que resulta
aun mas evidente al compararla con antiguos textos
médicos, como el papiro de Ebers o el de Edwin Smith.

Todas las historias tienen al menos un protagonista,
y en el caso de los rayos X es imprescindible mencio-
nar a Wilhelm Conrad Rdntgen, prestigioso fisico ale-
man. La noche del 8 de noviembre de 1895, mientras
trabajaba con un tubo de catodo Crookes completa-
mente cubierto, Réntgen notd que los rayos emitidos
desde el tubo atravesaban la proteccion, formando una
imagen similar a una sombra en un papel fotosensible
cercano. Este hallazgo le llevo a sugerir la existencia
de un tipo de radiacién invisible al ojo humano, a la
que denomind «rayos X». Su trabajo, titulado Eine neue
Art von Strahlen — Vorldufige Mittheilung (Un nuevo tipo
de rayos — Comunicacion preliminar), fue publicado en
las ultimas paginas de Actas de la Sociedad Fisica-Mé-
dica en diciembre del mismo afio, y pronto el descubri-
miento fue traducido a varios idiomas y se difundi6
rapidamente por todo el mundo'.
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El descubrimiento de Rdntgen llegéd a manos del
Dr. Francis Henry Williams, quimico y médico estadou-
nidense, quien dentro de un laboratorio de fisica en el
Massachusetts Institute of Technology y gracias a la
participacion de pacientes del Boston City Hospital
pudo realizar una combinacion de fluoroscopia y rayos X.
Con esta técnica logrd hacer diagnésticos de tubercu-
losis incipiente, derrame pleural y, en particular, anor-
malidades cardiacas. Williams escribié: «Ahora podemos
ver donde antes solo podiamos escuchar»'2.

En México, en 1896, tan solo 2 meses después del
descubrimiento de los rayos X, lleg6 a San Luis Potosi
el primer tubo de rayos X. Para octubre de ese mismo
afo, en el entonces Hospital de San Pablo, en el Dis-
trito Federal, hoy Hospital Juarez, el Dr. Tobias Nufiez
realizé la primera radiografia en el pais, capturando la
imagen del antebrazo de una mujer con secuelas trau-
maticas. Un afio méas tarde, en la tesis titulada Algunas
aplicaciones de los rayos X a la cirugia y a la medicina,
el Dr. Amador Zafra describié la técnica experimental
utilizada por el Dr. Roberto Jofre para generar rayos X.
Cabe destacar que el Dr. Jofre es considerado el pri-
mer radiélogo mexicano (Fig. 1A).

Esto enmarca el contexto de la formacion de muchos
de los médicos que forjaron la salud en el México pos-
revolucionario; los avances cientificos y tecnoldgicos
de la época les permitieron ver el mundo de forma
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Figura 1. A: radiografia de la mano del Dr. Roberto Jofre
junto con una caja de cerillos y una botella de pildoras.
B: radiografia del trayecto de la vena cava al corazon, por
el Dr. Chavez y el Dr. Celis.

distinta. Entre ellos, el Dr. Ignacio Chavez, quien de
1924 a 1944 dirigi6 el departamento de cardiologia en
el Hospital General de la Ciudad de México, que fue el
primer departamento de especialidad médica en el
pais. Influenciado por sus estudios en Paris, Berlin,
Praga, Viena, Roma y Bruselas, el Dr. Chavez tuvo la
vision de crear un instituto que, en sus propias pala-
bras, «fuera algo més que un hospital para cardiacos».
Nacio asi, el 18 de abril de 1944, el primer hospital
dedicado a esta especialidad en el mundo: el Instituto
Nacional de Cardiologia.

Su amplia experiencia, el conocimiento y el espiritu
visionario le permitieron reconocer en los métodos de
imagen una herramienta util para la evaluacion diag-
nostica de los pacientes del recién creado instituto. Asi,
en 1947, el Dr. Ignacio Chavez Sanchez y el Dr. Ale-
jandro Celis Salazar, neumdlogo mexicano, publicaron
un articulo en la revista Archivos del Instituto Mexicano
de Cardiologia titulado Valor diagndstico de los angio-
cardiogramas obtenidos por inyeccion directa a través
de una sonda. En este trabajo describieron cémo obte-
ner imagenes nitidas del corazon utilizando un catéter
que se introducia a través de la vena yugular externa
hasta la auricula derecha, inyectando entre 50 y 90 ml
de Diodrast (yodopiraceto) al 70%. Ese mismo afio,
investigadores suecos perfeccionaron este método,
denominandolo angiocardiografia (Fig. 1 B)S.

A medida que evolucioné la tecnologia, otro gran
avance se produjo en 1972. El ingeniero Sir Godfrey
Hounsfield y el neurorradidlogo James Ambrose, con
financiamiento de EMI (Electric and Musical Industries),
desarrollaron la tomografia computarizada (TC). Esta
técnica permitid reconstruir cortes transversales del
cuerpo humano mediante la adquisicion de varias

proyecciones radiogréficas desde diferentes posicio-
nes. Este fue uno de los avances tecnolégicos mas
importantes del siglo xx, por lo que 4 afios mas tarde
ambos fueron galardonados con el Premio Nobel de
Medicina®.

En nuestro pais, el primer equipo de tomografia com-
putarizada se instalé en Guadalajara, Jalisco, bajo la
direccion del Dr. Rubén Bafuelos Vallejo, el 10 de
mayo de 1975. Un afio después se instald otro equipo
en la Clinica Londres, en el Distrito Federal, por el
grupo EMI Scanner (actualmente CT Scanner)®.

El Instituto Nacional de Cardiologia

Desde la creacion del Instituto Nacional de Cardio-
logia, el Dr. Narno Dorbecker Cassius estuvo a cargo
del departamento de radiologia hasta mediados de los
afos 1960. Este departamento era conocido por su
trabajo intenso, proporcionando imagenes a los servi-
cios clinicos y a la consulta externa con un promedio
de 3000 radiografias mensuales®.

A lo largo de los afios, el departamento ha estado a
cargo de médicos distinguidos, como el Dr. Bernardo
Serviansky, el Dr. Héctor Medellin Lastra y el Dr. Julidn
Sanchez Cortazar, quien ocup6 el cargo en 1983. En
ese mismo afo, el Dr. Jesus Vazquez Sanchez tomd
la direccion, seguido por el Dr. Eric Takehiro Kimura
Hayama en 2006 y el Dr. Sergio Criales Vera desde
2009 y durante 14 afos, seguido por la Dra. Regina de
la Mora Cervantes, que estuvo a cargo del departa-
mento hasta 2024, siendo la primera mujer en desem-
pefarse como jefa del departamento de radiologia e
imagen en el Instituto’.

Con el aumento de la poblacién, la demanda de
estudios se ha incrementado. En 2006 se realizaron un
total de 1,099 TC generales y 276 TC coronarias, ade-
mas de los estudios de rayos X convencionales. Tan
solo en el primer semestre de 2024 se realizaron 5,473
TC, adicionales a 724 angiotomografias de coronarias,
418 TC pediatricas, 1,660 ultrasonidos, 10,261 radio-
grafias de térax, 14,514 radiografias portatiles, 2,110
radiografias dseas y 208 fluoroscopias.

Avance tecnolégico

En sus inicios, el departamento disponia de cinco
instalaciones independientes, cada una equipada con
su propio equipo para realizar radiografias generales,
de tdrax, uroldgicas, gastrointestinales y craneales.
Ademas, contaba con instalaciones para angiocar-
diografia de todos los campos, cuarto de revelado
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Figura 2. A y B: antiguo equipo de rayos X dentro del
departamento de radiologia. C: antiguo equipo portatil de
rayos X de fines de los afios 1930.

y equipo automatico; sala de espera, de interpretacio-
nes y de ensefianza; un archivo de radiografia y ofici-
nas para el personal médico y secretarial (Fig. 2).

El departamento se ha destacado por su vanguardia
tecnoldgica en el &ambito nacional y en América Latina,
gracias a su personal capacitado y a la avanzada tec-
nologia para la evaluacion no invasiva de patologias
cardiovasculares. Esta innovacién no seria posible sin
el apoyo de la Fundaciéon Gonzalo Rio Arronte, que
impulsa proyectos de impacto para mejorar la realidad
de la sociedad mexicana.

En el afio 2006, el departamento de radiologia del
Instituto Nacional de Cardiologia Ignacio Chavez marcé
un hito al convertirse en el primer centro en México en
instalar un tomdgrafo de 64 cortes: el Somatom Cardiac
64, fabricado por Siemens en Forchheim, Alemania.

Figura 3. A: equipo de rayos X. Fluoroscopia AXIOM
Luminos sRF (Siemens). B: consola Somatom Definition
Flash 256 (Siemens). C: residentes de imagenologia
diagnostica y terapéutica en la sala de tomografia.

Posteriormente, en 2008, se adquiri6 un Somatom
Sensation de 64 cortes, el cual fue reemplazado en
2010 por el innovador Somatom Definition Flash de 256
cortes, el primero de su clase en Latinoamérica (Fig. 3).

Para mantenerse a la vanguardia tecnoldgica, en
2017 el equipo fue actualizado con detectores de nueva
tecnologia digital (Stellar), ademés de mejoras en el
software, destacando la implementacién de la recons-
truccion iterativa, lo que permitié una notable reduccion
de la dosis de radiacién al paciente.

Como parte de una estrategia orientada al cuidado
del medio ambiente y la reduccion de costos, en el afio
2011 el departamento dejo de utilizar chasis y pelicula
para impresion, convirtiéndose en un servicio comple-
tamente digital. Esto abarcé la modernizacion de las
dos salas de rayos X y una sala de ultrasonido, todas
integradas a un sistema PACS-RIS (Picture Archiving
Communication System), el primero disefiado e imple-
mentado por el Dr. Hildegargo Ulises Bacilio Pérez. En
la actualidad se cuenta con otro sistema de mejores
caracteristicas, que cumple con las normativas interna-
cionales y optimiza el manejo agil y seguro de la infor-
macion médica, tanto localmente como a distancia’.

Con el avance de la tecnologia y la creciente nece-
sidad de obtener imagenes de alta calidad para diag-
nosticos mas precisos, en 2022 se implement6 el
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tomografo Revolution CT de General Electric. Este
equipo, con 256 filas de detectores y un grosor minimo
de 0.62 mm, puede cubrir una extensiéon de 16 cm vy
generar 512 cortes en hasta 0.28 ms por cada rotacion
del gantry, permitiendo unos tiempos de adquisicion
menores de 1 segundo y eliminando artefactos por
movimiento y errores de registro (Fig. 4).

El departamento actualmente cuenta con sala de ultra-
sonido y salas de rayos X, y ademas, en circunstancias
especiales pueden realizarse estudios a pie de cama,
tanto de ultrasonido como de rayos X. También cabe
destacar la reciente adquisicion de un nuevo equipo de
resonancia magnética, mejorando asi la capacidad y la
certeza diagndstica en pro de los pacientes.

Academia

Las instituciones publicas, entre ellas los institutos
nacionales de salud, se fundamentan en tres pilares
esenciales: academia, investigacion y asistencia. El
departamento de radiologia e imagen del Instituto
Nacional de Cardiologia Ignacio Chavez cumple plena-
mente con estos principios.

Los servicios de tomografia y resonancia magnética
destacan en la formacion de recursos humanos en nues-
tro pais y Latinoamérica; su curso de alta especialidad
en imagen cardiovascular no invasiva, reconocido por la
Universidad Nacional Auténoma de México (UNAM), es
un ejemplo de su compromiso con la educacion.

Desde 2008, el Instituto Nacional de Cardiologia Ignacio
Chavez y el grupo CT Scanner, institucion lider en México
en imagen médica, han establecido una alianza para la
formacion de médicos en radiologia e imagen, programa
también avalado por la UNAM, en el cual los médicos
residentes se desenvuelven de manera profesional, eficaz
y eficiente en las areas de tomografia y ultrasonido, ante
la creciente carga asistencial del departamento.

De manera constante, el personal médico y los resi-
dentes colaboran en la produccién de material cienti-
fico en distintas areas médicas, ademas de participar
en congresos nacionales e internacionales, donde han
obtenido diversas distinciones.

Futuro

Aunque la evolucion tecnoldgica ha sido impulsada
por las crecientes necesidades del ser humano, no
debemos perder de vista la responsabilidad que con-
lleva su uso en beneficio de los pacientes. El avance
en diversas areas, especialmente en el campo de la
medicina, ha permitido diagndsticos mas réapidos y

Figura 4. A: tomografo Revolution CT de General Electric.
B: sala de espera dentro de la sala de tomografia.
C: residentederadiologiadentrodelasaladeinterpretacion.

precisos, tratamientos menos invasivos y una mejor
calidad de vida para las personas.

La imagenologia ha sido un pilar fundamental en el
diagndstico médico, permitiendo una deteccion eficaz
y certera de diversas afecciones. El constante desarro-
llo tecnoldgico, aunado a la creciente demanda de
estas tecnologias, subraya su papel esencial en la
medicina moderna, siendo asi una mejora significativa
en la calidad de la atencién intrahospitalaria y extra-
hospitalaria, consolidandose como una herramienta
indispensable. En este contexto, la importancia de
mantener nuestro departamento a la vanguardia tecno-
l6gica no puede ser subestimada.

Es fundamental reconocer el legado de los grandes
maestros que, a través del perfeccionamiento de sus
ideas, han aportado técnicas que han revolucionado la
medicina y han transformado nuestra forma de tratar
las enfermedades. Inspirarnos en aquellas naciones
que lideran la innovacion tecnoldgica nos permite man-
tener nuestros estandares a la altura de los mejores
del mundo. En un entorno médico en constante evolu-
cion, mantenerse actualizado en tecnologia y conoci-
miento no es una opcién, sino una necesidad para
ofrecer una atencion de calidad, garantizar el bienestar
de nuestros pacientes y contribuir al progreso de la
ciencia médica; todos estos son valores y principios
que han prevalecido siempre en nuestro Instituto®.

Financiamiento

La presente investigacion no ha recibido ninguna
beca especifica de agencias de los sectores publicos,
comercial o con &nimo de lucro..
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Factors that impact in-hospital mortality due to STEMI
versus NSTEMI in a first percutaneous coronary intervention:
survival analysis

Factores que impactan en la mortalidad intrahospitalaria por STEMI vs NSTEMI en la
primera intervencion coronaria percutanea: analisis de supervivencia
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Abstract

Objective: Acute coronary syndrome is a potentially fatal disease if it is not intervened in a timely and appropriate manner.
In Colombia in 2021, 51,988 deaths were recorded from this cause. The aim is to compare the clinical characteristics of
ST-elevation myocardial infarction (STEMI) and non-ST elevation acute myocardial infarction (NSTEMI) and percutaneous
coronary intervention (PCI), determining in-hospital (< 30 days) survival with factors associated with mortality. Methods: Prospec-
tive cohort study (2020-2021), with survival analysis using the Kaplan-Meier method and Cox regression model to determine
predictive factors that impacted in-hospital mortality in a high-complexity institution, Medellin, Colombia. Results: Of 504
participants, 53% had STEMI, and 47% had NSTEMI. Median age 64 years (interquartile range 57-73), 66% were men.
In-hospital survival in NSTEMI was 98.3% (95% confidence interval [Cl]: 97-100), and STEMI was 93.7% (95% CI: 91-97).
Significant predictors that impacted in-hospital mortality for STEMI were: Age > 65 years (hazard ratio [HR]: 3.47 p: 042),
Diabetes (HR: 5.07 p: 0.002), Killip IV (HR: 21.6 p < 0.001) and post-PCI Arrhythmia (HR: 6 p: 0.002). In contrast, predictors
for NSTEMI were Cardiogenic Shock (HR: 23.3 p: 0.047) and post-PCl arrhythmia (HR: 23.4 p: 0.047). Conclusion: Patients
with Killip IV NSTEMI and post-PCI arrhythmia constitute a group at higher cardiovascular risk with a higher in-hospital mor-
tality than STEMI patients. Furthermore, diabetes is a modifiable risk factor that could impact early survival in STEMI patients
after PCI.

Keywords: Myocardial infarction. ST elevation myocardial infarction. Non-ST-elevated myocardial infarction. Angioplasty
balloon coronary. Percutaneous coronary intervention. Survival analysis.

Resumen

Objetivo: El sindrome coronario agudo es una enfermedad potencialmente fatal si no se interviene de manera oportuna y
adecuada. En Colombia, en 2021, se registraron 51,988 muertes por esta causa. El objetivo fue comparar las caracteristicas
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clinicas del infarto agudo de miocardio con elevacion del segmento ST (IAMCEST) y sin elevacion del segmento ST (IAM-
SEST), asi como la intervencion coronaria percutanea (ICP), determinando la supervivencia intrahospitalaria (< 30 dias) y
los factores asociados con la mortalidad. Métodos: Estudio de cohorte prospectivo (2020-2021), con anélisis de superviven-
cia utilizando el método de Kaplan-Meier y el modelo de regresion de Cox para determinar los factores predictivos que
impactaron en la mortalidad intrahospitalaria en una institucion de alta complejidad, Medellin, Colombia. Resultados: De 504 par-
ticipantes, el 53% presentd IAMCEST y el 47% IAMSEST. La mediana de edad fue de 64 afios (RIC 57-73), y el 66% fueron
hombres. La supervivencia intrahospitalaria en IAMSEST fue del 98.3% (IC 95%: 97-100), y en IAMCEST del 93.7% (IC 95%:
91-97). Los predictores significativos que impactaron en la mortalidad intrahospitalaria para IAMCEST fueron: edad > 65 afos
(hazard ratio - HR: 3,47; p: 0.042), diabetes (HR: 5.07; p: 0.002), Killip IV (HR: 21.6; p < 0.001) y arritmia post-ICP (HR: 6;
p: 0.002). En contraste, los predictores para IAMSEST fueron el choque cardiogénico (HR: 23.3; p: 0.047) y la arritmia post-
ICP (HR: 23.4; p: 0.047). Conclusiones: Los pacientes con IAMSEST Killip IV y arritmia post-ICP constituyen un grupo de
mayor riesgo cardiovascular con una mortalidad intrahospitalaria superior a la de los pacientes con IAMCEST. Ademads, la
diabetes es un factor de riesgo modificable que podria impactar la supervivencia temprana en pacientes con IAMCEST
posterior a una ICP.

Palabras clave: Infarto de miocardio. Infarto agudo de miocardio con elevacion del segmento ST. Infarto agudo de miocar-
dio sin elevacion del segmento ST. Angioplastia coronaria con balon. Intervencion coronaria percutanea. Andlisis de super-

vivencia.

Introduction

Acute coronary syndrome (ACS) is defined as a
life-threatening condition that affects both men and
women, especially those over 45 years of age. It is
responsible for 16% of all deaths worldwide'2. Since
2000, there has been an increase of more than 2 million
deaths to 8.9 million in 2019%4. In developed countries,
coronary heart disease is one of the leading causes of
mortality and disability*. In Colombia in 2013, the mor-
tality rate from ACS was 107.3/100,000 inhabitants
between 45 and 64 years of age and 867.1
deaths/100,000 people over 65 years of age>®. In 2022,
the mortality rate from ACS was 96.57/100,000 inhab-
itants in the general population, while in the ages
of 30-70 years, it was like that of 10 years ago
(100.5/100,000 people)’. In Medellin, the mortality rate
was lower than in the national population®.

Acute myocardial infarction (AMI) is caused by a
decrease in coronary blood flow associated with some
obstruction. It is diagnosed by clinical criteria, specific
signs and symptoms of precordial pain accompanied
by the analysis of an electrocardiogram (ECG) and
levels of high-sensitivity troponin | or T°-'"12) the latter
may be negative as in non-ST elevation AMI (NSTEMI).

The standard management is percutaneous coro-
nary intervention (PCI), which involves performing
angioplasty and placing intracoronary devices (Stents).
PCl is an effective procedure to restore perfusion in
ST-elevation myocardial infarction (STEMI) if per-
formed within the first 2 h of the onset of AMI'. Unlike
in patients with NSTEMI, PCI can be offered after 24 h

of the ischemic event, except in high-risk patients,
such as electrical instability and cardiogenic shock
(CS), where intervention should be within the first
2 h, according to American and European cardiology
guidelines™ 1,

This study compares the clinical characteristics and
in-hospital survival of patients with STEMI and NSTEMI
who underwent their initial PCI while identifying in-hos-
pital mortality predictive factors (< 30 days of PCI).

Methodology

The data presented correspond to the registry of PCI
interventional activity in STEMI and NSTEMI in a highly
complex institution in Medellin, Colombia. The baseline
characteristics and cardiac events of all patients who
underwent PCI with a diagnosis of STEMI and NSTEMI
at the institution were prospectively recorded from Jan-
uary 2020 to December 2021, both inclusive. This hos-
pital Centre is a reference, located in the geographical
centre of the region, has a high interventional volume,
a cardiologist on call, and a hemodynamic team on
permanent call.

Patients

Patients with STEMI were included in the registry,
defined as symptoms compatible with myocardial isch-
emia lasting more than 30 min or that persist after the
administration of nitrites and persistent elevation of the
ST segment on the ECG > 1 mm in 2 consecutive leads
or non-diagnostic ECG (complete left bundle branch
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block or pacemaker rhythm)®'213, Moreover, NSTEMI
patients with ischemic symptoms with positivity in tro-
ponins | (Reagent Kit/hsTnl STAT; standard value Men:
17 ng/mL, Women: 13 ng/mL) without ECG alteration.

The window for the indication of PCI was shown to
be the 12 h following the onset of symptoms unless
symptoms or signs of myocardial ischemia persist.
Patients with previous angioplasties, MINOCA, and
those who received thrombolytic treatment for the cur-
rent infarction 24 h before the procedure were excluded.
Patients who attended the reference interventional cen-
ter were systematically treated with PCI. After dis-
charge, the patients were transferred to their centre of
origin in a primary surveillance unit. In addition, clinical
follow-ups were carried out by reviewing medical
reports from the reference center for 1 month.

Mechanical reperfusion of the artery causing the
infarction was attempted in all included patients. Other
arteries were treated when deemed appropriate by the
responsible interventional cardiologist or in the context
of CS. The access route, the material used, the medi-
cation administered, and the added procedures (orotra-
cheal intubation, counter pulsation balloon, and
temporary pacemaker) were carried out according to
the criteria of the responsible hemodynamicist. CS was
defined in the ward as the presence of a sustained
systolic blood pressure < 90 mmHg or the need for
pharmacological or mechanical support to maintain
blood pressure and cardiac output. The final angio-
graphic success of the intervention was defined as
obtaining a final TIMI Ill flow with visual residual steno-
sis < 20% without significant complications'?'4'5, This
study has the approval of the institution’s ethics
committee.

Statistics

Continuous variables are presented as mean = stan-
dard deviation and were compared using the Student
ttest for independent groups. Categorical variables
were compared using Fisher’s exact test. Statistical sig-
nificance was defined by a two-sided p < 0.05 or confi-
dence intervals (Cl) that did notinclude 1.0. Kaplan—Meier
models were used to measure the effect of sex, type of
infarction, and in-hospital mortality (< 30 days of PCI),
using the initial maximum model that contained the vari-
ables age > 65 years, sex, intervention > 12 h, smoking,
diabetes, CS, number of involved vessels, previous
structural heart disease, hypertension, COVID-19, rein-
farction, post-PCI arrhythmia, Ejection fraction < 40%

and the interaction of these variables with the type of
infarction.

Dummy variables were used to analyze the variable
number of vessels involved, and the reference category
was multivessel disease (> 2 vessels). A stepwise
sequential exclusion method was used to select vari-
ables predicting early mortality, starting with sociode-
mographic and clinical variables, then procedural
variables, excluding those with no significant associa-
tion with mortality. Model calibrations were performed
according to the Hosmer and Lemeshow goodness-of-
fit test. A multivariate analysis of short-term events was
performed using the Cox proportional hazards method,
including the abovementioned variables, with statistical
significance. The analyses were carried out using the
Jamovi Project 2022 statistical package, version 2.3.

Results

During the 2 years of the 2020-2021 inclusion period,
964 urgent PCls were indicated in the context of AMI.
Of them, 173 (18%) had previous coronary procedures,
95 (10%) were AMI patients with coronary arteries with-
out significant lesions (MINOCA), in another 77 (8%)
the procedure was not performed for different reasons
(inaccurate diagnosis, atrial fibrillation, valvular dis-
ease, stable angina or other medical conditions that
were stabilized with initial medical management), and
in 115 (12%) had received thrombolytic treatment in
the previous 24 h, so they were excluded. Finally,
504 patients were included in the analysis, of which
269 (53%) were STEMI and 235 (47%) were NSTEMI.

Upon admission of the patient with AMI to the emer-
gency department, the electrocardiographic tracing
was taken and interpreted, always interpreted jointly
with the hemodynamic cardiologist. The routine proto-
col, STEMI, immediate activation of the hemodynamic
intervention group; they were given antiplatelet load
Clopidogrel 600 mg and Aspirin 300 mg, all orally. If
the patient presented high blood pressure figures or
stable pressures, Nitroglycerin was placed |V, titrating
according to the behavior of the blood pressure figures.
Then, he was transferred to the hemodynamics room,
the puncture was carried out, in most cases via right
radial access, diagnostic coronary angiography was
performed, and placement of Sodium Heparin IV
(100 mg/kg). The coronary guide was introduced,
angioplasty balloon, vessel opening, and placement of
medicated stent. Post-procedure follow-up was then
performed in the special care unit, always with dual
antiplatelet therapy (aspirin 100 mg and clopidogrel
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Table 1. Baseline clinical characteristics of the patient

Sociodemographic and All n: 504 | STEMI n: 269 Deaths STEMI'® NSTEMI n: 235 Deaths NSTEMI* p < 0.05*
clinical variables n (%) n (%) n (%)
Me (IQR): Age (years) 64 (57-73) 64 (58-75) 73 (66-78) 64 (56-72) 83 (77-88) 0.191
Male 332 (66) 181 (67) 12 (70.6) 151 (64) 0(0) 0.010
Urban residence 470 (93) 248 (92) 15 (88.2) 222 (94) 4 (100) 0.47
Referred 353 (70) 179 (67) 11 (64.7) 174 (74) 1(25) 0.149
Pathological History 8 (47)
HBP 267 (53) 130 (48) 8 (47) 137 (58) 4 (100) 0.054
Diabetes 125 (25) 51 (19) 4 (23.5) 74 (31) 2 (50) 0.916
Dyslipidemia 64 (26) 64 (24) 0(0) 68 (29) 1(25) 0.950
Obesity (BMI > 30) 93 (18) 31 (11) 3(17.6) 62 (26) 1(25) 0.035
PSHD* 93 (19) 44 (16) 1(5.9) 49 (21) 1(25) 0.736
Previous arrhythmias 28 (6) 14 (5) 0(0) 14 (6) 1(25) 0.241
COPD 37 (71.3) 17 (6) 0(0) 20 (9) 1(25) 0.035
Cancer 21 (4.2) 11 (4) 1(5.9) 10 (4) 1(25) 0.035
COVID-19 9(1.8) 5(2) 4(2) 1(25) 0.241
Toxicological history
Smoking 330 (66) 177 (66) 11 (64.7) 153 (65) 3 (75) 0.694
Active smoker 147 (29) 85 (32) 2(11.8) 62 (26) 0(0) 0.47
Alcoholism 104 (21) 61 (23) 1(5.9) 43 (18) 0(0) 0.619
Active liquor intake 97 (18) 58 (22) 1(5.9) 39 (17) 0(0) 0.619
Initial type of angina
Unstable 335 (66) 196 (73) 11 (64.7) 139 (59) 3 (75) 0.694
Typical 404 (80) 208 (77) 11 (64.7) 196 (83) 3 (75) 0.857
Killip
| 446 (89) 231 (86) 8 (47) 215 (91) 0 (0) 0.061
1l 21 (4) 10 (4) 1(5.9) 11 (5) 1(25)
] 13 (2.2) 7(3) 0(0) 6 (3) 1(25)
IV 24 (4.8) 21 (8) 8 (47) 3(1) 2 (50)

Me (IQR): median and interquartile range.
p < 0.05° significant difference between deaths by type of heart attack.

*Patients with a history of ischemic, hypertrophic heart disease, or valvular heart disease. Tachyarrhythmias, bradyarrhythmia, atrioventricular blocks.
PSHD: previous structural heart disease; COPD: chronic obstructive pulmonary disease; HBP: high blood pressure; STEMI: ST elevation myocardial infarction;

NSTEMI: non-ST elevation myocardial infarction; BMI: body mass index.

75 mg), use of high-impact statins (rosuvastatin 40 mg
or atorvastatin 80 mg). Finally, they underwent cardiac
rehabilitation and were taught healthy lifestyle habits.

In the case of NSTEMI, the hemodynamic interven-
tion protocol is deferred to be performed within 24 or
48 h. This protocol is broken if there is hemodynamic
instability or severe pain, which requires early interven-
tion. The pharmacological protocol and post-procedure
protocol are the same as for STEMI.

The baseline characteristics of the patients according
to the type of AMI are presented in table 1. For both
types of AMI, the mean age was 64 years, with a prev-
alence of 64% higher in men than in women; 93% came
from urban areas, and 98% belonged to the contribu-
tory regime. In STEMI, they experienced a trend of
being more active smokers, liquor intake, a more
significant initial clinical presentation of unstable
angina, and Killip IV. For the NSTEMI, they were more

hypertensive, diabetic, dyslipidemia, and obese, with a
more remarkable presentation of stable and typical
angina.

The characteristics of the procedure are shown in
table 2. The procedural characteristics are shown in
table 2, where door-to-balloon time was close to the
recommendations of clinical guidelines for STEMI,
while the intervention time (PCI) for NSTEMI was lon-
ger. Additionally, more cardiopulmonary resuscitation
(CPR) was required for the STEMI group due to a
higher number of patients with CS, post-PCI arrhyth-
mia, reinfarction, and a more significant < 40% reduc-
tion in left ventricular ejection fraction (VLEF).

Early or in-hospital mortality (< 30 days) was a total
of 21 deaths, with a higher prevalence in those >
65 years of age and STEMI 6.3 versus 1.7%; NSTEMI
(p = 0.001) (Fig. 1). Furthermore, no significant dif-
ferences were observed by sex. The univariate Cox
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Table 2. Characteristics of the procedure by type of AMI

Variables All n: 504 STEMI n: 269 Deaths STEMI'® NSTEMI n: 235 Deaths NSTEMI* | p < 0.05%
n (%) n (%) n (%)

Balloon door* 154" (104”-187") 169" (117”-261")

PCI intervention® 504 228" (133"-739") 219" (133"-645") 787" (334"-1151") 343" (272"-1047") 0.077

Entry route 0.765
Radial (R) 414 (82) 212 (79) 8 (47) 202 (86) 2 (50)
Femoral (F) 75 (15) 46 (17) 7(41.2) 29 (12) 2 (50)
Mixed (R + F) 15 (3) 11 (4) 2(11.8) 4(2) 0(0)

Compromised vessels
N° vessels' 1.4 (0.9) 1.38 (0.8) 1.7 (0.8) 1.45 (1.02) 1.9 (1.05) 0.793
One vessel 244 (49) 134 (50) 10 (58.8) 110 (47) 2 (50)
> Two vessels 260 (51) 135 (50) 7(41.2) 125 (53) 2 (50)

Required CPR 0.280
Before PCI 12 (2.4) 11 (4) 1(5.9) 1(0.4) 1(25)
During PCI 1(0.2) 0(0) 0(0) 1(0.4) 1(25)
After PCI 9(1.8) 7(3) 5(29.4) 2(0.8) 2 (50)

Mortality
PCI month 21 (4.1) 17 (6.3) 17 (100) 4(1.7) 4 (100)

Additional factors
Age > 65 years 244 (49) 129 (48) 13 (76.5) 115 (49) 4(100) 0.281
Post-PCl arrhythmias 32 (6.3) 26 (10) 5(29.4) 6 (3) 3 (75) 0.091
CS 55 (11) 41 (15) 6 (35.6) 14 (6) 3 (75) 0.149
Re-infarction < 30 days 6(1.2) 5(2) 4 (23.5) 1(0) 0(0) 0.281
VLEF < 40% 100 (20) 75 (28) 10 (58.8) 25 (11) 1(25) 0.223
PCl > 12 H 305 (61) 111 (41) 4 (23.5) 194 (83) 2 (50) 0.549

“Minutes.
*M: median.

"Number of vessels with significant obstructions > 70% mean (standard deviation).
*p < 0.05 significant difference between deaths by type of heart attack.

1QR: interquartile range; CS: cardiogenic shock; VLEF: ventricular left ejection fraction; Balloon door: is the time in minutes between the patient's arrival at the emergency
room until the start of percutaneous coronary intervention, evaluated in patients with STEMI, without previous fibrinolytic intervention or asymptomatic patients or patients
with suspicion of COVID-19 because they were given a wait different from the management protocol.

analysis for early mortality according to AMI is shown
in table 3. The main predictors in STEMI were diabetes,
Killip IV clinical presentation, CPR for managing CS,
reinfarction, post-PCI arrhythmia and a VLEF < 40%.
Meanwhile, in the NSTEMI, they were post-infarction
arrhythmia, CPR, Covid-19 and CS. The significant vari-
ables that adjusted the model were included in the
multivariable analysis, eliminating the confounding vari-
ables (Fig. 2).

Discussion

PCI has significantly impacted mortality in patients
with STEMI, even with CS. It is now the standard of
care in most institutions like ours. The Japanese Asso-
ciation of cardiovascular therapeutics and intervention
proposes updated guidelines for treating AMI, pub-
lished by the European Society of Cardiology in 2017,
2020, and 2022'"*. Significant guideline changes for

patients with STEMI included radial access and
drug-eluting stents, which were recommended instead
of drug-free stents (Class | Indication), and complete
revascularisation before hospital discharge (either
immediate or staged) (Class lla recommendation). An
early invasive strategy within 24 h is recommended for
patients with NSTEMI (Class | indication) and complete
revascularisation in patients without CS (Class lla rec-
ommendation)'®. Despite achieving this strategy in
STEMI and NSTEMI deaths, we observe other factors
that are associated with mortality.

In a population-based study conducted in New York
by Barnhart et al.'®, with AMI and PCl in 1996, they
found that the probability of dying in the first 30 days
was 24.5% for Hispanics compared to 32% for non-His-
panics, while the overall mortality in our study was 4.1%
(Clarifying that the main inclusion criterion was patients
with first PCI). In another population-based registry
carried out in Japan by Sawayama et al. in 2015",
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Survival curves by AMI type
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Figure 1. Hospital survival curves and cumulative hazard ratio for type of acute myocardial infarction, sex and age.
Survival estimates by Kaplan-Meier. A: STEMI has a higher risk of dying than NSTEMI with a statistically significant
difference; STEMI: ST elevation acute myocardial infarction, NSTEMI: non-ST elevation myocardial infarction.
B: patients > 65 years were significantly associated with a higher risk of dying in the 1st month than those younger.

C: according to sex, no statistically significant difference was found for in-hospital mortality.

age-adjusted in-hospital mortality in patients with AMI
and PCI was 12.3% for STEMI and 5.8% for NSTEMI,
percentages higher than those found in our study,
which were 6.3% and 1.7%, respectively. Meanwhile, in
another systematic review from 2022, early mortality in
Latin America and the Caribbean was 9.9% for STEMI
and 6.3% for NSTEMI'™®. A local study by Echeverri
et al. found that in-hospital mortality was 6% for AMI
and PCl in a population over 75 years of age'.

CS continues to be the fatal complication in patients
who present an acute coronary event, with an incidence
that ranges between 5 and 12%2°-22, being very similar
to the behavior of our population, 11% (55/504), in

particular patients with STEMI. Although advances in
treatment have significantly reduced overall mortality,
mainly in early revascularisation with PCI, patients
with AMI and CS were associated with high mortality
(= 50%). Our study showed 40%, a level slightly lower
than that found in the literature®°-23,

On the other hand, in our study, STEMI patients who
presented a VELF reduction < 40% (HR: 4.6; 95% Cl 1.6-
12.7; p = 0.003) and post-PCI arrhythmia (HR: 4.2; 95%
Cl 1.5-11.9; p = 0.007) increased the risk of dying
8.8 times, in the first 30 days after PCI. These findings
were found in the study by Wang et al??> where
VELF reductions < 50% acted as a risk factor for

1
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Table 3. Factors associated with mortality at month after PCl in Cox regression analysis

STEMI (n = 269) NSTEMI (n = 235)

Associated factors

Age > 65 years
HBP

DB

Obesity

PSHD

Stable angina
Killip IV

PCI > 12H
Post-PCl arrhythmia
VLEF < 40%
Cardiogenic shock
Re heart attack
CoVID-19
Required CPR

Multi-vessels

HR (IC 95%)
3.67 (1.2-11.2)
0.95 (0.3-2.4)
4.1 (1.6-10.5)
0.0 (0.0-0.0)
1.1(0.3-3.7)
1.5 (0.5-3.9)
14.3 (5.3-38.1)
1.15 (0.44-3)
4.2 (1.5-11.9)
4.6 (1.6-12.7)
7.5 (2.8-20)
46.3 (14-147)
3.6 (0.5-27)
14.7 (5.5-39)
0.8 (0.2-3.5)

0.023 1.2 (0.9-1.6) 0.120
0.907 0.97 (0.7-1.3) 0.808
0.004 2.2 (0.3-15.5) 0.435
0.998 0.9 (0.1-8.9) 0.953
0.919 1.3 (0.1-12) 0.840
0.443 0.5 (0.01-4.6) 0.524
0.001 2.9 (0.4-21) 0.290
0.782 0.2 (0.03-1.4) 0.100
0.007 147 (15-1427) < 0.001
0.003 8.3 (0.5-132) 0.135
< 0.001 147 (15-1427) < 0.001
< 0.001 2.9 (0.4-21) 0.287
0.210 1.3 (0.7-2.3) 0.001
< 0.001 3(0.9-9.3) 0.001
0.736 0.8 (0.1-6.3) 0.899

Patients with a history of ischemic, hypertrophic heart disease, or valvular heart disease. Tachyarrhythmias, bradyarrhythmia, atrioventricular blocks.
HBP: high blood pressure; DB: diabetes; PCI: percutaneous coronary intervention; PSHD: previous structural heart disease; STEMI: ST elevation myocardial infarction;
NSTEMI: non-ST elevation myocardial infarction; PSHD: previous structural heart disease; VLEF: ventricular left ejection fraction; Multi-vessels: > Two vessels. CPR:

cardio pulmonary resuscitation.

Killip IV

STEMI HR (IC-95%, Valor p)
Over 65 years old 3.47 (1.04-11.55, p=0.042)
Diabetes 5.07 (1.80-14.25, p=0.002)

21.60 (7.26-64 31, p<0.001)

Post-PCl Arrhythmia 6,00 (1.93-18.72, p=0.002)

E NSTEMI HR (IC-95%, Valor p)
!
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Figure 2. Factors associated with in-hospital mortality (< 30 days after percutaneous coronary intervention) in the
multivariate Cox model. A: model metrics STEMI: number in model = 235, number of events = 17, concordance = 0.877
(standard error [SE] = 0.040), R-squared = 0.167 (max possible = 0.522), likelihood ratio test = 43.072 (df = 4, p = 0.000).
B: model metrics NSTEMI: number in model = 235, number of events = 4, concordance = 0.870 (SE = 0.110), R-squared
= 0.099 (max possible = 0.169), likelihood ratio test = 24.404 (df = 2, p = 0.000). STEMI: ST elevation acute myocardial
infarction; NSTEMI: non-ST elevation myocardial infarction.

long-term overall mortality in STEMI patients after PCI, severe clinical presentation in the emergency services

particularly.

(Killip IV) (HR: 22.6; p = 0.002) and post-ICP arrhythmia

In the Cox multivariate, other predictive factors (HR: 6; p = 0.002). These predictors were found
that were significantly associated with early and late  with the systematic review by Yan et al.?%, where they
mortality in patients with STEMI were diabetes (HR: 5; concluded that advanced age (odds ratio [OR] = 3.89),
p = 0.002), age over 65 years (HR: 3.5; p = 0.042), a CS (OR = 4.83), diabetes mellitus (OR = 2.01), and
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delay in door-to-balloon time (OR = 1.72), were risk
factors significantly associated with mortality in patients
with STEMI after PCI. Similar results in the meta-analysis
by Lou et al.?%, where diabetes presented a higher risk
of in-hospital mortality in AMI and PCI, OR: 1.34 (95%
Cl, 1.17-1.54) and cerebrovascular complications, OR:
1.28 (95% Cl, 1.11-1.48), than those without diabetes.

Furthermore, in the systematic review by Gabani
et al.?%%7, no statistically significant difference was
found by sex and early or late mortality after the “Exam-
ination” clinical trial with a 10-year follow-up with
1,498 patients with STEMI and PCI. Similar results were
found in our study (Fig. 1).

Therefore, statistically significant associated fac-
tors for in-hospital mortality in STEMI, such as age
> 65 years HR: 3.67; diabetes HR: 4.1; Killip IV HR:
14.3; Post-PCl arrhythmia HR: 4.2; VLEF < 40% HR:
4.6; SC HR: 7.5; reinfarction HR: 46.3; CPR required
HR: 14.7 and for NSTEMI Post-PCl arrhythmia HR:
147; SC HR: 147; CPR required HR: 3 and COVID-19
HR: 1.3, were evidenced in our univariate Cox regres-
sion analysis (Table 3) and reported in the
literature0-28,

Finally, being diabetic over 65 years of age, arriving
at the emergency room with a Killip IV and presenting
a post-PCl arrhythmia increased the risk of dying in
the hospital by 36 times for STEMI, while for NSTEMI,
it increased the risk by 46 times if the patient had CS
and post-PCl arrhythmia. Despite a significant differ-
ence found between mortality groups, mainly in the
variables of obesity, chronic obstructive pulmonary dis-
ease and cancer, this was too small to be important in
NSTEM.

Conclusion

Patients with Killip IV NSTEMI and post-PCI arrhyth-
mia constitute a group at higher cardiovascular risk
with a higher in-hospital mortality than STEMI
patients®’. Furthermore, diabetes is a modifiable risk
factor that could impact early survival in STEMI patients
after PCI. Therefore, the primary care medical team is
motivated to achieve rigorous glycemic control in the
American Diabetes Association — goals (hemoglobin
Alc < 7) which could impact early survival in diabetic
patients with STEMI, and the hemodynamics team to
optimize strategies in patients with Killip [V AMI and
post-PCI arrhythmia, reducing hospital mortality in
patients with a first episode of myocardial infarction
and PCI.
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Abstract

Objective: In indigenous people of Mexico, there is a scarcity of information on the relationship between cardiorespiratory
fitness (CRF) and clinical cardiometabolic health. The objective was to study the relationship between CRF and cardiometa-
bolic health in adult Mexican Rardmuri (also known as Tarahumara), and to study cardiac health and physiological adaptations
to ultradistance running in a subgroup of Rardmuri. Methods: In rural Rardmuri (n = 66) living at moderate altitude
(1150-2400 m above sea level), we carried out measurements of anthropometry, hemodynamics (sitting blood pressure and
heart rate), plasma glucose, electrocardiogram and echocardiography, and estimated CRF using a sub-maximal steptest.
Results: Mean age of the studied population was 36.1 (standard deviation 11.6) years. Two participants (3%) were under-
weight, and ~47% were overweight/obese. Hypertension was found in ~24% of the participants. Mean CRF was moderately
high to moderately low at 49 and 34 mLO,/min/kg in men and women, respectively, and CRF was significantly and inversely
associated with hemodynamic and biochemistry measures except for blood glucose (p < 0.05). In a sub-group of runners,
three men had mildly increased relative ventricular mass (range 118-128 g/m?). Conclusion: We found a relatively high
proportion of overweight/obesity as well as hypertension. The expected inverse relationship between CRF and cardiometabolic
measurements was observed. Abnormal physiological myocardiac adaptation to ultradistance running was minimal.

Keywords: Cardiorespiratory fitness. Cardiometabolic health. Raramuri. Indigenous people.

Resumen

Objetivo: En poblaciones indigenas de México existe escasa informacion sobre la relacion entre la aptitud cardiorrespirato-
ria (ACR) y la salud clinica cardiometabdlica. El objetivo fue estudiar la relacion entre la ACR y la salud cardiometabdlica en
poblacion indigena rardmuri adulta de México (conocidos también como tarahumaras) y estudiar la salud cardiaca y las
adaptaciones fisioldgicas a la carrera de ultradistancia en un subgrupo de rarémuris. Método: De una poblacion rural rardmuri
(n = 66) localizada a una altitud moderada (1150-2400 m sobre el nivel del mar) se tomaron mediciones antropomeétricas,
hemodindmicas (presion arterial y frecuencia cardiaca en posicion sentada), glucosa en plasma, electrocardiograma y eco-
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cardiografia, y se estimé la ACR usando una prueba submaxima (steptest). Resultados: La edad media de la poblacion
estudiada fue de 36.1 afios (DE: 11.6). Dos participantes (3%) mostraron bajo peso, mientras que cerca del 47% tuvo
sobrepeso u obesidad. Se encontro hipertension en aproximadamente el 24% de los participantes. Se hallo que la ACR media
fue moderadamente elevada a moderadamente baja, de 49 a 34 miO,/min/g en hombres y mujeres, respectivamente. Asi
mismo, se observé una asociacion significativa e inversa entre el valor de la ACR y los resultados hemodinamicos y bioqui-
micos, a excepcion de la glucosa (p < 0.05). En un subgrupo de corredores, tres hombres tuvieron un leve incremento de la
masa ventricular relativa (rango: 118-128 g/m?). Conclusion: Encontramos una proporcion relativamente alta de sobrepeso/
obesidad e hipertension. Se observo una relacion inversa entre la ACR y los resultados hemodinamicos y bioquimicos. Se
encontré una minima adaptacion fisioldgica cardiaca anormal a la carrera de ultradistancia.

Palabras clave: Aptitud cardiorrespiratoria. Salud cardiometabdlica. Raramuri. Gente indigena.

Introduction

Cardiorespiratory fitness (CRF) is a powerful predic-
tor of all-cause and cause-specific mortality"? and mor-
bidity®4. While directly measured oxygen uptake — the
gold standard measure of CRF — is rarely carried out
in public health-related studies, especially in indige-
nous people®, sub-maximal tests using heart rate as a
proxy for oxygen uptake are more common, especially
in low- and middle-income countries®.

In northern Mexico, the Raramuri (also known as
Tarahumara) are known for their high habitual physical
activity level”® beyond occasional participation in tradi-
tional and in recent decades “modern” ultradistance
running races'®'". Nonetheless, CRF does not neces-
sarily reflect the high habitual physical activity level in
the Raramuri population, which could be due to low
activity intensity as walking at low to moderate intensity
is the most common form of physical activity”*'2,

Studies on CRF in relation to cardiovascular or met-
abolic health measures in the Rardmuri are few”'3'4
with the most recent publications focusing on adoles-
cents. The Raramuri are an indigenous population of
approximately 91,500 people (self-identified and
> 2 years of age) primarily residing in the so-called
Sierra Tarahumara mountains in the state of Chihua-
hua'® and they are undergoing an epidemiological tran-
sition'®. Therefore, capturing the range of CRF will give
an indication of the impact of fithess on cardiometabolic
health.

Furthermore, in studies of small groups of ultradis-
tance runners with a highly heterogenous CRF profile,
we have been able to investigate cardiac-specific adap-
tation to extreme exercise in Raramuri athletes. There-
fore, we aim to give a better understanding of the
relationship between CRF, cardiometabolic health, and
myocardiac adaptation to ultradistance running activi-
ties in adult Raramuri.

Methods

Participants

Participants of the current study consist of three
groups of rural Rardmuri individuals recruited for dif-
ferent studies conducted during the period
2010-127111718 nitially, we recruited 94 participants,
but 11 participants were excluded as they either did
not identify as Raramuri (n = 7), were pregnant (n = 1),
or had known hypertension or diabetes (n = 3).
Another 17 participants were excluded, as they either
did not do or did not finish a valid CRF test, except if
they underwent echocardiography measurements
(n = 3). Therefore, the final number of participants
was n = 66. All participants were recruited in the
Sierra Madre Occidental region, Chihuahua, Mexico
where they resided, during the months of July (n = 13),
September (n = 40), and November (n = 13). For this
study, we defined runners as having participated in a
race in relation to their recruitment for one of the three
original studies on which this study was based” 1718,
We compared the cardiometabolic profile for men
versus women, as well as for runners versus non-run-
ners, among men only due to a small sample size for
female runners (n = 3). The study sites are situated
between ~1150 m and 2400 m above sea level. During
the three periods of data collection, we set up make-
shift laboratories in schools, private homes, or local
hospitals. All participants gave written and oral
informed consent. In case of illiteracy, the consent
form was signed with a thumbprint. Ethical approval
was given by the Ethical Committee of Science in
Chihuahua, Mexico (no. 0003925).

Anthropometry

Participants had their weight, height, and waist
circumference measured to the nearest 0.1 kg and
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nearest 0.1 cm, respectively, with the participants
wearing minimal clothing. The body mass index
(BMI, kg/m?) was derived. Underweight, overweight,
and obesity were defined as BMI < 18.5, BMI = 25.0-
29.9, and BMI > 30.0 kg/m?, respectively’. Waist cir-
cumference was measured twice according to standard
procedures?, and body fat percentage was measured
using bioimpedance (Tanita Pro Body Composition
Analyzer TBF-310-GS, Tokyo, Japan).

Blood pressure and heart rate

Sitting systolic and diastolic blood pressures (SBP
and DBP, respectively, mmHg) as well as sitting heart
rate (SHR beats/min) were measured with a full-auto-
matic monitor (Omron M8 RC, Kyoto, Japan). Blood
pressure was measured 3 times on the right upper arm
with the participant seated and following 15 min of rest,
and with 2 min between each measurement. Hyperten-
sion was defined as SBP = 135 and/or DBP = 85
mmHg, respectively?'.

Blood samples

Random capillary blood glucose test was deter-
mined by the glucose dehydrogenase method
(HemoCue B-Glucose 2011, Angelholm, Sweden) in
some of the participants (n = 40), while the remaining
participants (n = 26) had a capillary glycated hemo-
globin (HbA, ) test using an automated boronate affin-
ity assay (Afinion AS100 Analyzer (Afinion AS100
Analyzer [Axis Shield PoC, Oslo, Norway]). The latter
was converted to estimated average blood glucose
before statistical analysis by using the formula
(28.7*HbA, ) - 46.7%% to present plasma glucose results
for all participants. Diabetes mellitus was defined as
plasma glucose = 200 mg/dL according to World
Health Organization guidelines®. In runners only
(n = 25), hemoglobin (Hb) was analyzed by a modified
azide-methemoglobin reaction?* using a Hb 2011
device (HemoCue AB, Angelholm, Sweden). Anemia
was defined as Hb below 13 and 12 mg/dL for men
and women, respectively, adjusted to the participants’
altitude of living (meters above sea level) to avoid false
high Hb levels?®. Furthermore, in runners, 10 mL blood
was collected in lithium heparin-containing
BD-Vacutainer VR tubes for the analyses of high-sen-
sitivity C-reactive protein (hs-CRP) and other plasma
markers. However, for this study, only hs-CRP is
presented.

Fitness and physical activity
measurements

CRF was derived as a VO, estimate using a stan-
dardized, incremental, 8-min step test as described
by?® using an Actiheart®, a combined heart rate and
accelerometry device. Twenty potential participants
were either unavailable for the test, unable to follow the
rhythm of the standardized incremental test, or they
discontinued the test before 4 min, which was the min-
imum amount of time accepted for estimating VO, ...
Physical activity energy expenditure (PAEE) was mea-
sured using an Actiheart® over 3 days and nights in a
sub-sample (n = 12) not differing significantly from the
larger sample by age, sex, BMI, plasma glucose, or
blood pressure measures.

Electrocardiography

In runners (n = 25), a 12-lead electrocardiogram
(ECG) was performed using a Medi Trace, ver. 5.2
(Medi Core, Mexico City). Different PR intervals, QRS
intervals, heart rate, QT interval and corrected QT inter-
val, R wave voltages, T wave, and ST segment varia-
tions were measured. The presence of left and right
ventricular hypertrophy, as well as atrial enlargement
data, was analyzed in a targeted manner. The ECG
results were read by two experienced cardiologists,
blinded to participant demographic data.

Echocardiography

In a sub-group of runners (n = 13), transthoracic
echocardiogram was performed using the Philips
Excelera version R3.3L1 and Qlab software version 9.1,
applying the Quasi-Monte Carlo solution for deforma-
tion analysis. Thorough studies were performed using
two-dimensional images, pulsed and continuous Dop-
pler, with parasternal long-axis, 4-chamber apical,
2-chamber, short-axis, and subcostal views performed
by an expert in this technique. Left ventricular (LV)
mass was calculated according to the formula:
0.8*{1.04*([LV internal dimension-diastole+posterior
wall thickness at end diastole+superior wall thickness
at end diastole]®-[LV internal dimension-diastole]®)}, and
then indexed to body surface area?.

Statistics

Normally distributed descriptive results are given as
mean standard deviation (SD). If skewed, data were
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log-transformed to find p-value and presented as geo-
metric mean (95% confidence interval [CI]). To estab-
lish differences between men and women and runners
and non-runners, respectively, Student’s t-test without
and with log-transformed numbers, respectively, was
performed. Linear regression analyses were performed
to establish the association with exposure vari-
ables (mainly CRF), and clinical outcome variables.
Log-transformed data for the regression analyses were
back-transformed to give a coefficient &, which should
be interpreted as a ratio. If the dependent variable was
skewed, it was log-transformed to determine the p-value
and subsequently back-transformed to determine a
ratio (%) using the formula (exp[X]-1)*100. Regression
analyses are presented as univariate results but
adjusted for age and sex to establish potential con-
founding of the univariate results. Clinical variables
(BMI, blood pressure, plasma glucose, Hb, and hs-CRP)
were categorized according to standard risk cut offs,
and differences between categories were assessed by
doing Fisher’s exact test. All analyses were done with
Stata 18.0 Intercooled version (Stata Corp, College
Station, TX). P < 0.05 was considered significant.

Results

Mean age was 36.1 (SD 11.6) years, with 40.9%
being women. Sex differences were significant in
height, weight, fat mass, SHR, and CRF (Table 1 for
background characteristics). For BMI categories, two
participants (3.0%) were underweight, 20 (30.3%) par-
ticipants were overweight, and 11 (16.7%) participants
were obese, with no difference between the sexes
(p = 0.16). Hypertension was found in nine men and six
women (23.1 vs. 22.2 %), respectively (p = 0.59), and
two participants (one man, one woman) had diabetes
mellitus. Mean Hb was 15.2 (SD 1.6) g/dL, and three
runners had anemia. For hs-CRP levels, geometric
mean was 4.1 (95% CI: 1.8;9.3) mg/L, and 10 runners
had very high-risk levels for cardiovascular disease
(CVD)%.

For the runners, no presence of left and right ventric-
ular hypertrophy, as well as no evidence of left and right
atrial enlargement, was observed based on electrocar-
diographic criteria. Complete right bundle branch block
was diagnosed in three individuals (all men), without
clinical manifestations. ECG neither showed atrioven-
tricular blocks nor specific signs of ischemia. Acumi-
nate T waves were observed in four participants with a
maximum voltage of 8 mm, as well as non-specific
changes, including ST segment elevation or non-ST

Table 1. Background characteristics (mean + standard
deviation) of rural Raramuri (n = 66)

Variable Women

(n=27)
Age (years) 36.0 (10.9) 36.1(12.7) 0.98
Height (m) 1.65 (0.1) 1.50 (0.1) < 0.001
Weight (kg)' 65.2 58.8 0.04

(61.0;69.7) (55.1;62.8)

Body mass index 245 (4.2) 26.4 (4.2) 0.07
(kg/m?)
Waist circumference 81.7 (16.5) 80.6 (11.9) 0.78
(cm)
Fat mass, n (%) 21 (12;28) 35 (26;37) < 0.001
Systolic blood pressure 117 (14) 115 (18) 0.63
(mmHg)?
Diastolic blood 74 (12) 76 (11) 0.41
pressure (mmHg)?
Heart rate (beats min™')? 60 (11) 71 (8) < 0.001
Plasma glucose 117 127 0.11
(mg/dL)'2 (110;124) (117;138)
Cardiorespiratory 48.9 (12.7) 33.8 (7.7) < 0.001
fitness (mLO,/min/kg)®
Physical activity 67.5 73.7 0.69
energy expenditure (42.1;108.0)  (53.8;100.8)

(kJ/day/kg)'*

'Geometric mean (95% confidence interval).

ZIncludes mix of random plasma glucose and converted HbAlc

3Estimated heart rate following an 8-min, incremental sub-maximal steptest, n = 63.
“Physical activity energy expenditure using combined accelerometry and heart rate
monitor following 3-days continuous monitoring, n = 12.

segment elevation > 1.5 mm. See table 2 for mean (SD)
and range of ECG analyses.

Based on echocardiographic criteria, the different
structural and functional parameters of the left ventricle
were within normal limits (wall thicknesses, diameters,
volume, and systolic function). Mean echocardiogra-
phy-derived relative to body LV mass was 100
(SD 20) g/m?, with the majority being within the refer-
ence range of 49-115 g/m? according to?” except for
three participants, who had mildly increased relative LV
mass (118, 121, and 128 g/m?, respectively). Of these,
one participant was competing in a 63 km race, and
two participants were competing in a 100 km race. For
the whole sub-group (n = 13), the volume of the atrium
was normal, and indirect estimation of pulmonary pres-
sure by tricuspid regurgitation velocity was also within
normal limits. No valve anomalies were observed. See
table 2 for mean (SD) and range of echocardiographic
analyses.
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Table 2. Electrocardiographic (n = 26) and
echocardiographic findings (n = 13) in adult Rardmuri

Electrocardiographic findings

PQ interval (ms) 156.5+17.7  120-200
QRS complex (ms) 81.2+10 60-100
QT interval (ms) 436 + 45 360-500
QTc interval (ms) 429 + 48 382-482
RR interval (ms) 1046 + 164  740-1320
Ventricular frequency at rest (bts/min) 59 +9 45-81
Right bundle branch block 3

RV diastolic diameter (> 4.2 cm 314+ 0.25 2.8-3.6
abnormal)

LV AP diameter end-systole 3.15+0.29 2.5-3.5

LV AP diameter end diastole (4.2-5.9 cm) 468 + 0.34 4-5.1

LV Interventricular septum thickness 0.83 + 0.09 0.68-1
(0.6-1.0 cm)

LV Posterior wall thickness (0.6-1.0 cm) ~ 0.77 £0.12  0.56-0.93
LV mass (96-200 g) 123 + 25 67-161
Relative LV mass (49-115 g/m?) 100.6 + 20 84-128
LV ejection fraction (> 54%) 64 + 4 55-71
Left atrial diameter (3.0-4.8 cm) 3+03 2.6-3.5
Left atrial volume (18-58 mL) 3810 24-57
LV volume (mL) end systole (67-155 mL) 70 £10 46-88
E wave 87 +13 67-116
A wave 48 + 10 34-61
Ao vel. max (< 2.0 m/s) 128 + 12 116-162
Ao valve area 273 +0.23 2.3-3.1
Tricuspide regurgitation velocity 218 + 23 130-247

LV: left ventricular; RV: right ventricle; AP: anteroposterior; SD: standard deviation.

Figure 1 shows a panel of linear correlations between
exposure (X-axis) and outcome (Y-axis) variables. Cor-
relation between CRF and LV mass (n = 10) was
B =0.54 (95% Cl: -0.96;2.04, p = 0.43), and correlation
between BMI and hs-CRP (n = 21) was ef = 32.1 (95%
Cl: -4.6;82.8, p = 0.09). All linear correlation results
were largely sustained when independently adjusted for
age and sex, respectively (results not shown).

When comparing male runners (n = 22) versus
non-runners (n = 17), there was a significantly better

Table 3. Background characteristics (mean + standard
deviation) of male Rardmuri runners versus non-runners
(n=39)

Variable Non-runners
(n=17)

Age (years) 33.3(10.6) 39.5 (12.7) 0.078

Height (m)' 1.61 1.65 0.022
(1.58;1.66) (1.65;1.70)

Weight (kg)! 56.8 81.6 <0.001
(51.2;61.0) (72.6;87.8)

Body mass index 21.5(2.2) 28.3 (2.8) < 0.001

(kg/m?)

Waist circumference 68.6 (10.1) 96.3 (7.1) < 0.001

(cm)

Fat mass, n (%)’ 12 (10;20) 27 (24:30) < 0.001

Systolic blood 110 (12) 126 (9) < 0.001

pressure (mmHg)?

Diastolic blood 67 (10) 83 (6) < 0.001

pressure (mmHg)?

Heart rate (beats min~')? 56 (2) 64 (8) 0.035

Plasma glucose 113 115 (114;123) 0.15

(mg/dL)3 (108:120)

Cardiorespiratory 59.9 40.9 0.001

fitness (mLO,/min/kg)'*  (51.7,63.4) (36.5;42.7)

'Geometric mean (95% confidence interval).

?Measured in the seated position.

®Includes mix of random plasma glucose and converted HbA, .

“Estimated heart rate following an 8-min, incremental sub-maximal steptest, n = 63.

cardiometabolic profile in the runners with the notable
exception of plasma glucose (Table 3).

Discussion

In a compiled group of rural Raramuri, we observed
inverse relationships between estimated CRF and sev-
eral cardiometabolic traits. The results were based on
univariate regression analyses but were largely sus-
tained by independent age and sex adjustments.

Hemodynamic traits, SBP, DBP, and SHR, were all
inversely associated with CRF, but the relatively high
proportion (~23%) of Raramuri with hypertension in this
study population is of concern, even if potential white
coat hypertension is considered. We used the revised
clinic-based cut off for hypertension (135/85 mmHg)?',
which increases the proportion of hypertension as per
definition compared to the still widely used defini-
tion (140/90 mmHg)?°. Interestingly, the geographically
and supposedly genetically closely related Pima of
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Figure 1. Associations between exposure variables (X-axis) and outcome

variables (Y-axis) in rural Raramuri.

Cardiorespiratory fitness (CRF), high-sensitivity C-reactive protein (hs-CRP), and sitting heart rate (SHR). For all
associations n = 63 except for CRF and hs-CRP, n = 19 (runners only). The correlations were, respectively, hetween age
and CRF 3 = -0.4 (95% confidence interval [CI]: -0.7; -0.2, p = 0.002), CRF and systolic blood pressure § = -0.4 (95% CI:
-0.7; -0.1, p = 0.004), CRF and diastolic blood pressures 3 = -0.5 (~0.6; -0.3, p < 0.001), CRF and SHR 3 = -0.3 (95% ClI:
-0.5; -0.1, p = 0.016), CRF and blood glucose eP -0.36 (95% Cl: -0.75; 0.03, p = 0.07), as well as CRF and hs-CRP eP = -8.7

(95% ClI: -13.6, -3.6, p = 0.002).

Chihuahua and Sonora (Mexico) as well as Arizona
(USA), seem to have lower risk of hypertension com-
pared to Caucasian populations due to lower beta-ad-
renergic sensitivity, including when adjusted for body
fat percentage®®, and lower muscle sympathetic ner-
vous system activity®!. If similar physiological mecha-
nisms apply to the Raramuri, this could explain why the
proportion of overweight and obesity was twice as high
as the proportion of hypertension. Future carefully
designed clinical and epidemiological studies need to
be implemented in the Rardmuri to address these
seemingly ethnic-specific physiological mechanisms.
We observed moderately high (~49 mLO,/min/kg) to
moderately low (~34 mLO,/min/kg) mean CRF levels in
men and women, respectively, considering their aver-
age age (36 years). There was substantial variation in
individual CRF values, especially among the men
(~32-82 mLO,/min/kg). These results may reveal a mix-
ture of lifestyle factors and selection bias among the
study participants. As for lifestyle factors, the main daily
movement pattern is walking rather than running?®,

which by definition entails low intensity, and thereby
has a higher impact on peripheral or metabolic fitness
than central fitness or CRF; for an overview see®.
The very high daily PAEE (68 and 74 [kJ/day/kg for
men and women, respectively]) in relation to CRF was
not statistically significant, but the results indicate that
activity volume and fitness are not necessarily associ-
ated, even though firm conclusions cannot be drawn
due to the small sample size (n = 12). In support of the
high PAEE we measured, Shave et al. demonstrated a
high daily step count (average 18,800) based on accel-
erometer measurements, which equals approximately
15 km of daily walking over 14 consecutive days in 21
Raramuri men (mean age 35 years) during a period
with no running activities and outside the physically
demanding harvest season. All physical activity was
performed within light and moderate intensity strata'.
Furthermore, we have previously reported physical
activity at such high levels in comparable populations
such as the East African Maasai, an agro-pastoralist
people with a similar relatively low activity intensity



D.L. Christensen et al. Cardiometabolic health in Raramuri adults

pattern reflecting walking rather than running as the
main physical activity domain. Furthermore, we found
similar moderately high to moderately low CRF levels
in Maasai men and women, respectively®.

Regarding bias in relation to CRF, 23 out of the 39
men (59%) in the study were selected in relation to
ultradistance running events, while this was only the
case for three out of 27 women (11%). While not all
participants were ultradistance athletes based on their
individual CRF levels and running times, especially in
78 and 52 km races performed by men and women,
respectively'”, mean CRF may have been “inflated” in
the men when compared to women, as the former had
higher training status. On average, we showed 30%
higher fitness levels in men, as opposed to ~15-25%
difference in CRF, which has previously been found
when comparing healthy young men and women
matched for physical activity®3. In males only, we did
show that except for plasma glucose, CRF and car-
diometabolic profile were significantly better in runners
versus non-runners. This demonstrates that despite
considerable heterogeneity in CRF levels, participating
in races is a valid indicator of a healthy, cardiometabolic
profile in the Raramuri.

Ultradistance running competition has historically
been part of the culture of the Rardmuri, whether per-
formed as traditional events (rardjipari for men and
ariwete for women) or in more recent decades as part
of running events organized outside the traditional cul-
ture of the Raramuri®'". Therefore, cardiac adaptation
to running extremely long distances and more recently
possible acute organ (specifically the heart and kid-
neys) damage has been a research focus in the
Raramuri'"”. None of the early studies'™ or personal
observations®* showed cardiac enlargement in Raramuri
runners. However, these results could be biased by
sub-optimal technology used for these kinds of mea-
surements, that is, usage of X-ray. In the current study,
we used more sophisticated ultrasound technology and
found three runners with mildly increased LV mass, but
no significant relationship between CRF and LV mass
in the 10 runners in whom we carried out both mea-
surements. Thus, while LV hypertrophy does exist in
Raradmuri runners, it seems to be of a mild nature.
A larger sample size is needed to determine whether
LV mass is connected to CRF and thereby exercise and
physical activity intensity.

ECG results were within the normal range. We did
find three runners who had right bundle branch block,
but without clinical symptoms, including chest pain,
dizziness, or fainting.

In runners (n = 25) with hs-CRP analysis, the propor-
tion of elevated hs-CRP levels was high, which is not
uncommon in indigenous populations living in rural
areas under constrained conditions®®. The highest level
measured was 25.2 mg/L, a moderately elevated level,
and thus reflecting potentially high risk of CVD rather
than acute bacterial or fungal infections®®. Even though
the correlation between BMI and hs-CRP was not sig-
nificant, we cannot rule out the possibility that part of
the elevated hs-CRP levels was mediated by obesity.

Furthermore, in the group of runners included in this
study, only three Raramuri males had mild anemia. The
burden of anemia is generally high in indigenous pop-
ulations, but in the Raramuri population, it has only
previously been systematically reported in women and
children®. These results have shown that compared to
national data in Mexico, lower estimates were reported
in relatively small studies in Rardmuri children (n = 331,
13%) and non-pregnant women (n = 446, 12%)3%%, As
CRF was 33.9, 39.0, and 60.9 mLO,/min/kg, respec-
tively in the three men with anemia, possible “sports
anemia” — a phenomenon characterized by high plasma
volume expansion*® — may only explain one of the
cases. Overall, the results are indicative of a diet suffi-
cient in micronutrients in the current study population.

Strengths of the study were the collection of data in
a difficult-to-access population, especially the echo
scans, which were conducted for the 15 time in the
Raramuri. We acknowledge several weaknesses of the
study. First, the sample size was small, and any firm
conclusions cannot be made based on any of the
results and group comparisons presented. Second, the
compilation of participants from three different studies
does create some methodological deficiencies, such as
a lack of measurements of several parameters in all
participants, including echo scans, ECG, Hb, hs-CRP,
and PAEE.

Conclusion

We found an inverse relationship between CRF and
cardiometabolic risk factors in a study population of 66
rural living, adult Rardmuri men and women (mix of
non-runners and runners). The results were similar when
comparing male runners versus non-runners. The pro-
portion of overweight/obesity was high, while the propor-
tion of hypertension was substantially lower. Among
Rardmuri ultramarathon runners, three had mildly ele-
vated LV mass. The results warrant larger studies in the
Rardmuri population in which fithess and physical activ-
ity levels are systematically and carefully recorded along
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with cardiovascular and metabolic variables to determine
cardiometabolic health at the population level, and espe-
cially comparing runners versus non-runners. Further-
more, possible social determinants for the high proportion
of overweight/obesity in the rural Rardmuri population
indicated here should be considered in future studies.
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One-year mortality in patients undergoing aortic valve
replacement and its relationship with the extent of myocardial
damage scale

Mortalidad a un afo en pacientes sometidos a reemplazo de valvula aortica y su relacion
con la escala de extension del daho miocardico
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Abstract

Objective: To determine the 1-year mortality in patients undergoing aortic valve replacement and its relationship with the
myocardial damage extension scale. Methods: An observational, retrospective, cross-sectional, and comparative study was
conducted. Patients over 18 years of age, of both sexes, who underwent aortic valve replacement between March 1, 2019,
and March 31, 2021, were included. Patients were classified into subgroups based on the myocardial damage extension
classification to determine 12-month mortality. In addition, risk factors associated with mortality, as well as clinical and socio-
demographic variables, were documented. Results: A fotal of 177 patients (104 men [59%] and 73 women [41%)]) were
included. Distribution among myocardial damage stages was: Stage 0 (5%), stage 1 (25%), stage 2 (56%), stage 3 (8%), and
stage 4 (6%). One-year mortality was 6% (11/177), predominantly in stage 2 (72%) and stage 3 (18%). Hypertension (64%)
and diabetes mellitus (55%) were the most frequent comorbidities among the deceased. Left ventricular ejection fraction
(LVEF) < 30% and Society of Thoracic Surgeons (STS) score > 2% were risk factors associated with mortality.
Conclusions: One-year mortality was 6%, predominantly in stage 2 of myocardial damage extension. The staging did not
correlate with mortality after 1 year of follow-up. An STS score > 2% and LVEF < 30% are risk factors for mortality.

Keywords: Aortic stenosis. Extent of myocardial damage. Mortality.

Resumen

Objetivo: Determinar la mortalidad a 1 afio en pacientes sometidos a reemplazo de vdlvula adrtica y su relacion con la escala
de extension del dafio miocardico. Métodos: Se realizd un estudio observacional, retrospectivo, transversal y comparativo.
Se incluyeron pacientes mayores de 18 afios, de ambos sexos, sometidos a reemplazo de valvula adrtica entre el 1 de marzo
de 2019 y el 31 de marzo de 2021. Los pacientes fueron asignados a subgrupos segun la clasificacion de la extension del
dafio miocardico, con el objetivo de determinar la mortalidad a 12 meses. Asimismo, se documentaron factores de riesgo
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asociados a la mortalidad, asi como variables clinicas y sociodemogréficas. Resultados: Se incluyeron 177 pacientes, de
los cuales 104 eran hombres (59%) y 73 eran mujeres (41%). La distribucion entre los estadios de dafio miocardico fue la
siguiente: en estadio 0 el 5%, en estadio 1 el 25%, en estadio 2 el 56%, en estadio 3 el 8% y en estadio 4 el 6%. La mor-
talidad a 1 afio fue del 6% (11/177), predominantemente en el estadio 2 (72%) y el estadio 3 (18%). La hipertension (64%)
y la diabetes mellitus (55%) constituyeron la comorbilidad mds frecuente entre los fallecidos. La fraccion de eyeccion del
ventriculo izquierdo (FEVI) < 30% y una puntuacion de la Society of Thoracic Surgeons (STS) > 2% fueron factores de riesgo
asociados con la mortalidad. Conclusiones: La mortalidad a 1 afio fue del 6%, predominantemente en el estadio 2 de
extension del dafio miocérdico. La estadificacion no se correlacioné con la mortalidad después de 1 afio de seguimiento.

Una puntuacion STS > 2% y una FEVI < 30% son factores de riesgo para mortalidad.

Palabras clave: Estenosis adrtica. Extension del dafio miocardico. Mortalidad.

Introduction

Aortic stenosis is one of the most prevalent valvular
diseases worldwide', and aortic valve replacement is
the second most performed surgery in our unit. This
condition shows increasing prevalence due to its asso-
ciation with degenerative processes linked to aging and
the longer life expectancy of the population. Timely
identification of at-risk populations enables earlier inter-
ventions, which can positively influence patients’ long-
term prognoses?.

Although there is no ideal time for intervention, new
assessment techniques suggest that earlier interven-
tion could be beneficial®. Simplistic assessment based
on individual parameters, such as left ventricular ejec-
tion fraction (LVEF), has evolved, as have risk scores,
which are becoming increasingly specific to populations
or pathologies®.

The myocardial damage extent score proposed by
P. Généreux allows for an objective evaluation using
simple echocardiographic parameters, providing a valu-
able tool to address the complex interplay and progres-
sion of cardiovascular disease®. Its implementation on
a smaller scale offers insight into its value in the Mex-
ican population.

The STS score has been used to stratify patients
undergoing aortic valve replacement. It includes clinical
parameters that predict morbidity and mortality®.

For this reason, this study aims to determine 1-year
mortality in patients undergoing aortic valve replacement
(AVR) and its relationship with the myocardial damage
extension scale. A secondary objective is to assess the
surgical risk in our population using the STS scale.

Materials and methods

Thisis an observational, retrospective, cross-sectional,
and comparative study where we associated mortality
and myocardial damage stages.

The selected population included patients undergo-
ing aortic valve replacement through cardiac surgery.
The inclusion criteria were patients over 18 years of
age, of either sex, with a single aortic valve intervention
between March 1, 2019, and March 31, 2021, or a med-
ical record containing complete echocardiography stud-
ies and a complete surgical report. Patients with
significant coronary disease, those undergoing valve
replacement with coronary revascularization, and
patients in a terminal state or not undergoing surgical
treatment were excluded. The elimination criteria
included patients who did not have complete informa-
tion to classify the extent of myocardial damage.

Mortality was assessed based on hospital records,
with the assumption that all patients’ records were
properly documented throughout the full year in the
hospital system, without any omissions.

All patients undergoing aortic valve replacement in
the period above were included. A non-probabilistic
sampling technique on consecutive cases was used.
The information of patients diagnosed with aortic ste-
nosis was collected in our hospital unit, and each case
was reviewed individually using the digital and physical
clinical records; it was not necessary to obtain a letter
of informed consent. This instrument included echocar-
diographic variables for staging based on the myocar-
dial damage extent scale. The complete information
from the transthoracic echocardiography study was
incorporated into a database, and the most relevant
variables were analyzed, such as the LVEF, the maxi-
mum velocity of tricuspid insufficiency, and the systolic
pressure of the pulmonary artery. The pre-operative
echocardiographic characteristics were determined,
and each patient was classified into the different stages
of the myocardial damage extent scale. Mortality rates
at 1 year of follow-up were documented. For subse-
quent statistical analysis, patient data and variables
were stored in a Microsoft Excel spreadsheet. The
results were analyzed using descriptive statistics
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(measures of central tendency, frequencies, and per-
centages). For quantitative variables, the characteris-
tics of the distribution curve were considered.

The stages of myocardial damage extension were
analyzed to make comparisons between them using the
Kruskal-Wallis test, since the Kolmogorov-Smirnov test,
reinforced by Lilliefors, showed a p < 0.05, which indi-
cated that the quantitative variables did not follow a
normal distribution (Fig. 1). Afterward, the Tukey test
was used to compare post hoc between stages to
determine the similarity between groups (Groups aandb).

To compare the stages of myocardial damage exten-
sion, the Kruskal-Wallis test was employed due to the
non-normal distribution of the quantitative variables, as
indicated by a Kolmogorov-Smirnov test with Lilliefors
correction (p < 0.05; Fig. 1). Five groups were compared
according to the myocardial damage extension classifi-
cation. Subsequently, a post hoc Tukey test was applied
to identify significant differences between specific groups
and assess their degree of similarity (e.g., Group “@” vs.
Group “b”). Groups sharing the same letter (e.g., “a”) are
not significantly different from each other in terms of
LVEF. Groups labeled with different letters (e.g., “a@” vs.
“b”) show statistically significant differences (p < 0.05).

A binary logistic regression was performed, where
the dependent variable was mortality after aortic valve
replacement, represented in the database as 1 for the
presence and 0 for the absence of mortality. The inde-
pendent variables are the observations described in
table 1, where 1 refers to the presence of the risk factor
and 0 to its absence. An o < 0.05 was assigned, so
variables with p < 0.05 are included at the beginning of
table 1, which also describes the odds ratio (OR), 95%
confidence intervals (Cl), B, and Wald »2 of the statisti-
cal model, considering a value of p < 0.05 as statisti-
cally significant. R-studio version 2024.04.2 + 764 was
used for statistical analysis and data visualization.

Results

During the study period, from March 1, 2019, to
March 31, 2021, clinical and echocardiographic data
were collected from patients undergoing aortic valve
replacement in our unit. The total population consisted
of 177 patients, of whom 104 (59%) were men and
73 (41%) were women, with an average age of 62 years.

Among the most prevalent comorbidities, hyperten-
sion was present in 106/177 (60%) patients, whereas
type 2 diabetes mellitus affected 64/177 (36%) patients.
Most valve replacements were performed using a
mechanical valve, with 108/177 (61%) cases, whereas

@
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Figure 1. Relationship between the myocardial damage
scale and left ventricular ejection fraction, p < 0.05.
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Figure 2. Frequency distribution of the stages of the
myocardial damage extension scale.

69/177 (39%) patients received a biological valve. The
mean age of patients with mechanical prostheses was
54 years, and that of those with biological valves was
74 years. The rest of the general characteristics of the
population are presented in table 2. Regarding the clas-
sification of the extent of myocardial damage,
98/177 (55%) patients were in stage 2, being the most
prevalent group, followed by stage 1 with 44/177 (25%).
The least prevalent stage was 0, with 9/177 (5%)
patients. The detailed frequencies of each stage are
shown in figure 2. The average LVEF in the different
stages of the extent of myocardial damage is presented
in figure 1, with an average value of 57%.

The mortality at 1 year of follow-up after aortic valve
replacement, based on the myocardial damage score,
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Table 1. Risk factors for death in severe aortic stenosis (n = 177)

koo | p [ 2 | o | o | o4

LVEF < 30% 2.390 5.283
STS > 2% 1.772 5.266
Gender (M/F) 6699 0.000
Hypertension 5865 0.000
DM2 5273 0.000
Obesity 5808 0.000
Dyslipidemia 4348 0.000
Smoking 6280 0.000
AVA < 1 cm? 4453 0.000
PASP 0.010 0.336
Age > 65 years 0.928 1.825

0.022 10.909 1.422 83.696
0.022 5.881 1.295 26.712
0.998 0.550 0.159 1.926
0.994 1.215 0.342 4.333
0.997 2.249 0.657 1.686
0.993 0.976 0.234 4123
0.995 1.766 0.354 8.615
0.996 1.295 0.378 4.448
0.994 0.190 0.005 0.988
0.556 1.016 0.986 1.047
0.177 1.032 0.973 1.094

OR: odds ratio; Cl: confidence intervals; % Chi-squared; B: beta, STS: Society of Thoracic Surgeons score; PASP: pulmonary arterial systolic pressure; M: male; F: female;

AVA: aortic valve area; LVEF: left ventricular ejection fraction.

Table 2. General characteristics of the population with severe aortic stenosis based on the classification of the

extent of myocardial damage (n = 177)

Myocardial damage stage (Généroux) m 1(n=44) mmm Total (n =177)

Men, n (%) 5 (55) 26 (59)
Women, n (%) 4 (45) 18 (41)
Average age (years) 57 61
Average PASP’ 32 30
Average LVEF? (%) 62 60
Comorbidities, n (%)
Hypertension 5 (55) 26 (59)
DM? 2(22) 11 (25)
Dyslipidemia 1(11) 5(11)
Smoking 2(22) 16 (36)
Valve type, n (%)
Mechanic 8 (89) 28 (64)
Biological 1(11) 16 (36)
Average pump (min) 98 88
Average STS* (%) 0.79 1.06
Days of Hospitalization 8 7

'PASP: pulmonary artery systolic pressure.
2LVEF: left ventricular ejection fraction.
3DM: diabetes mellitus.

4STS: Society of Thoracic Surgeons score.

was 6% (11/177). One-year mortality was the highest in
group 2, with 8/98 (8.16%) deaths (72% of all defunc-
tions), followed by group 3 with 2/15 (13.3%) deaths
(18% of all defunctions). The remaining variables are
presented in table 3. Of the cases of mortality, 5 (45%)
were men and 6 (55%) were women. The age group

56 (57) 9 (60) 8 (73) 104 (59)
42 (43) 6 (40) 3(27) 73 (41)
63 65 59 62
35 47 47 36
58 57 39 57
62 (63) 11(73) 2 (18) 106 (60)
44 (45) 6 (40) 1(9) 64 (36)
12 (12) 1(7) 1(9) 20 (11)
38 (39) 9 (60) 3(27) 69 (39)
56 (57) 7(47) 8 (73) 108 (61)
42 (43) 8 (53) 3(27) 69 (39)
91 97 94 91
1.19 1.48 0.95 1.15
9 12 10 9

with the highest prevalence of death was 70-79 years,
with 4 patients (36%).

Hypertension was the most frequent comorbidity in
the cases of death, present in 7 (64%) patients,
followed by diabetes mellitus in 6 (55%) patients
(Tables 1 and 4).
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Table 3. Analysis of the relationship between the extent of myocardial damage and mortality (n = 177)

Mortality, n (%) 0(0) 1(9)
Mortality rate (per stage) (%) 0 2
Average age 0 76
Average LVEF 0 62
Comorbidities, n (%)
Hypertension 0(0) 1(9)
Diabetes mellitus 0(0) 0(0)
Dyslipidemia 0(0) 0(0)
Smoking 0(0) 0(0)
Valve type, n (%)
Mechanic 0(0) 0(0)
Biological 0(0) 1(9)
Hospitalization days 0 2

*Mortality rate: number of deaths/total population x 100.

Table 4. One-year mortality in patients undergoing aortic
valve replacement (n = 177)

e o

General mortality 11/177
Mortality by sex
Male 5/11 45 105
Female 6/11 55 72
Mortality by age group
30-39 1M 9 4
40-49 111 9 17
50-59 1/1 9 50
60-69 3 27 59
70-79 4 36 39
80-90 1/1 9 8
Mortality and comorbidity
Hypertension 7m 64 116
Diabetes mellitus 6/11 55 64
Dyslipidemia 2/11 18 20
Smoking 5/11 45 69
Overweight (25-29.9) 3 27 68
Obesity (30-34.9) /11 9 42
Grade Il obesity (35-39.9) 3/ 27 28
Mortality and valve replacement
Mechanic 4/11 36 107
Biological 7 64 70

Among the causes of mortality, the main ones were
cardiovascular complications in 7/11 (64%) patients,
followed by hemorrhage in 2/11 (18%) and sepsis in
2/11 (18%) patients. Cardiovascular complications are
arrhythmias, myocardial infarction, and cardiac
tamponade.

8 (72) 2 (18) 0(0)
8 13 0 6
63 68 0 65
57 52 0 57
5 (45) 1(9) 0(0) 7 (63.6)
4 (36) 2 (18) 0(0) 6 (54.5)
2(18) 0(0) 0(0) 2 (18.1)
4 (36.3) 1(9) 0(0) 5 (45.4)
4 (36.3) 1(9) 0(0) 5 (45.4)
4 (36.3) 1(9) 0(0) 6 (54.5)
9.6 23 0 11

Among the main causes of mortality, cardiovascular
events stand out, followed by sepsis and hemorrhage.
These results are similar to those described in the
international literature, where the causes of cardiovas-
cular death are the most determining variable’.

The risk factors for death in severe aortic stenosis
are LVEF < 30% (OR 10.9, 95% CI 1.42-83.69) and STS
> 2% (OR 5.88, 95% CI 1.29-26.71). The rest of the
variables were not statistically significant.

Table 5 presents a comparative analysis of clinical
and echocardiographic characteristics by vital status.
The deceased patients had an average age of 65 +
13 years, whereas the alive patients had an average
age of 62 + 10 years. The mean LVEF was 57% + 14
in both groups.

Of the deceased patients, 64% (7) had systemic arte-
rial hypertension and 55% (6) had type 2 diabetes
mellitus. On the other hand, 60% (99) of the alive
patients had hypertension, and 36% (58) had type 2
diabetes mellitus. The mean pulmonary artery systolic
pressure (PASP) was 41.91 + 19.77 mmHg in deceased
patients and 36.47 + 16.23 mmHg in alive patients.

The mean maximum tricuspid insufficiency velocity
was 2.74 + 0.39 m/s in deceased patients and 2.69 +
0.52 m/s in alive patients. Regarding surgical risk, the
mean STS score in deceased patients was 1.56% =
0.72 versus 1.12% 0.59 in alive patients.

As shown in figure 1, significant differences in LVEF
were observed across the stages of myocardial dam-
age. The average LVEF decreased progressively from
stage 0 (62%) to stage 4 (39%). Specifically, the LVEF
was highest in stage 0 (62%) and stage 1 (60%), and
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Table 5. Basal, clinical, and echocardiographic
characteristics by vital state (n = 177)

Deceased Live
(n=11) (%) (n = 166) (%)
Average age 65+ 13 62 £ 10
Hypertension 64 (7) 60 (99)
Diabetes mellitus 55 (6) 36 (60)
Dyslipidemia 18 (2) 11 (18)
Smoking 45 (5) 39 (64)
Mechanical valve 45 (5) 61 (101)
Biological valve 55 (6) 39 (65)
Mean pulmonary artery 41.91 £ 19.77 36.37 + 16.23
systolic pressure mmHg mmHg
Mean score STS 1.56 + 0.72 1.12 + 0.59
Mean maximum aortic valve 457 £+0.77 m/s  4.82 + 0.7 m/s
velocity
Mean transvalvular gradient 55.82 + 22.37 58.5 + 18.71
mmHg mmHg
Mean aortic valve area 0.6 +0.15cm?  0.65 + 0.19 cm?
Mean LVEF 57 + 14 57 = 11

Mean maximum velocity of 274 + 039 m/s  2.69 + 0.52 m/s

tricuspid regurgitation

STS: Society of Thoracic Surgeons; LVEF: left ventricular ejection fraction.

significantly lower in stages 3 (52%) and 4 (39%).
Post hoc Tukey analysis indicated that groups with the
same letter (e.g., groups “@” vs. “@”) did not differ sig-
nificantly in terms of LVEF, whereas groups with differ-
ent letters (e.g., groups “a” vs. “b”) showed statistically
significant differences (p < 0.05), highlighting a decline
in LVEF as the severity of myocardial damage increased.

These differences are important as they correlate
with the worsening of cardiac function across myocar-
dial damage stages.

Discussion

The study’s main findings can be summarized as
follows: the overall mortality of the population undergo-
ing aortic valve replacement in our research is higher
than that reported in the international literature.

The mortality rate of our population was 6%, with an
average age of 65 years. Cardiac surgery procedures
consistently present lower mortality in developed coun-
tries compared to developing countries, a situation

influenced by various factors, including the socioeco-
nomic aspect, the type of hospital care, timely detec-
tion, management of the center, comorbidities, and the
initial level of severity of the disease. Mejia et al. eval-
uated the usefulness of STS and EUROSCORE in Bra-
zilian patients as tools to predict outcomes after cardiac
surgery, concluding little correlation for predicting mor-
bidity and mortality®.

Various studies highlight that the increase in the vol-
ume of procedures is not necessarily associated with
an increase in the center’s quality®.

The stratification of myocardial damage extent does
not have a statistical correlation with the mortality of
patients undergoing aortic valve replacement in our
population.

The stage where the highest mortality occurred was
stage 2, which in turn had the largest number of
patients, followed by stage 3. Highlighting the absence
of deaths in stages 0 and 4, this finding could be
explained by the small number of patients in these
groups. The damage derived from aortic stenosis does
not necessarily occur sequentially and could be asso-
ciated with the patient’s susceptibility and genetic
predisposition.

Among the most relevant factors found in patients
who died after aortic valve replacement were advanced
age, hypertension, type 2 diabetes mellitus, smoking,
and being overweight.

After performing the logistic regression analysis,
none of the previously mentioned factors was directly
associated with mortality. On the other hand, an STS
> 2% and an LVEF < 30% were associated with risk
factors in our population (Table 1).

The STS scale is multidimensional, with a good cor-
relation with mortality in aortic valve replacement sur-
gery. However, it is a scale validated in the North
American population. None of the patients who under-
went surgery exceeded STS > 4%, being generally
considered a low-risk population. Given these findings,
it is worth highlighting the importance of searching for
specific scales for the Mexican population. Risk scales
validated in specific populations or under certain con-
ditions usually do not present a good correlation when
applied to other populations over time.

The average LVEF of all patients shows a progressive
decrease when comparing the various stages of myo-
cardial damage extension (Fig. 1). Although aortic ste-
nosis may not present a sequential clinical evolution, the
fall in LVEF seems to be a constant within the natural
evolution of the disease. LVEF < 30% is a significant risk
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factor for mortality in the population operated on in our
unit. Various clinical trials have highlighted the prog-
nostic value of LVEF, recommending early interven-
tions, even before its fall'®.

Mortality in our population occurred within the first
30 days after hospital admission. There were no new
deaths during the 1 year of follow-up. This higher prev-
alence of mortality during hospitalization is well known.
Malvindi et al. reported hospital mortality of 2.2% in
isolated aortic valve replacement in the octogenarian
population. This is the most vulnerable period. Empha-
sizing prolonged surgical times as a morbidity and mor-
tality factor.

Mortality was similar regardless of the type of valve
placed, with 5 (45%) patients in the mechanical valve
group and 6 (55%) in the biological valve group. Du
et al. evaluated mortality during the first 30 days after
aortic valve replacement in a retrospective cohort, doc-
umenting higher mortality with the use of mechanical
valves™,

One of the most relevant subanalyses is the mortality
associated with PASP and the type of valve. In patients
who died and underwent mechanical valve replace-
ment, PASP was higher, while patients undergoing bio-
logical valve replacement had lower PASP values.
Weber et al. associate the presence of pulmonary
hypertension as a variable that predicts an unfavorable
hemodynamic profile after 1 year of follow-up'.

Regarding myocardial damage and functional class
after 1 year of follow-up, no statistically significant
association was found. However, a key limitation is the
data collection method, as this was a retrospective
study. It would be worthwhile to standardize the evalu-
ation of functional class within our unit.

Finally, one of the most notable limitations is the lack
of echocardiographic follow-up in our sample, as a sig-
nificant proportion of patients did not undergo follow-up
imaging. This situation may be related to circumstances
associated with the COVID-19 pandemic, which limit
the evaluation of the reversibility of changes observed
in the myocardial damage extension scale. Our study
is limited by its retrospective design and single-center
data collection. A survival analysis was not possible to
perform due to the lack of complete data on the exact
timing of patient deaths.

Another limitation of this study is the possibility of
mortality events occurring outside our institution (e.g.,
at home or in another hospital). As a referral center in
the northern region, patients may have died in their
states of origin without these events being reported to

us, potentially leading to underreporting of mortality
data. Mortality was recorded as a binary outcome
(yes/no) during the 1-year follow-up period. However,
the exact date of death was not systematically captured
in our database, as death was not recorded as a time-
to-event variable.

However, the hypothesis and data obtained open the
door for us to continue with this line of research, which
is of great relevance in the future for the complemen-
tary evaluation of patients.

Conclusion

The mortality rate in our population was 6%. One-
year mortality was the highest in stage 2 of myocardial
damage extension. In our investigation, the stratifica-
tion of myocardial damage extension did not correlate
with the mortality of patients after 1 year of follow-up.
Patients with a higher classification of myocardial dam-
age extension had a lower LVEF. Among the risk factors
most associated with mortality in our population are
STS > 2% and LVEF < 30%. The STS is a scale that
has not been validated in the Mexican population. The
search for specific risk scales in populations different
from Americans should be encouraged.
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Resumen

En este articulo se pretende evaluar el impacto de la bomba de flujo microaxial sobre la mortalidad en pacientes con shock
cardiogénico asociado a infarto agudo de miocardio realizando una revision sistematica y metaandlisis de ensayos clinicos y
estudios de cohorte. Se incluyeron pacientes con infarto agudo de miocardio con y sin elevacion del segmento ST asociado a
shock cardiogénico tratados con bomba de flujo microaxial de flujo, con reporte de datos de mortalidad y tiempo en la implan-
tacion del dispositivo. Se excluyeron pacientes con mas de 24 horas de progresion del shock, con otra etiologia diferente de
shock, con complicaciones mecanicas del infarto agudo de miocardio, y otra comorbilidad. La busqueda se realizd en las bases
de datos PubMed y Web of Science, considerando los articulos publicados desde 2019 hasta el 10 de noviembre de 2024. Los
riesgos de sesgos se evaluaron mediante las herramientas RoB 2 y ROBINS-E, y el andlisis estadistico se realizé con el sof-
tware Review Manager 5.4.1. Se incluyeron 1,000 pacientes de cinco estudios, en los que el uso de la bomba de flujo microa-
xial se asocid con una reduccion de la mortalidad en comparacion con un placebo (OR: 0.6; IC 95%: 0.42-0.85; p = 0.005),
mientras que la mortalidad en cuanto al tiempo de implantacion de la bomba de flujo microaxial (previo, durante o después de
la intervencion coronaria percuténea) no tuvo diferencias significativas (OR: 0.85; IC 95%: 0.59-1.22; p = 0.37). Los pacientes
con SC han obtenido acceso a diversas oportunidades de tratamiento que no estaban disponibles hasta hace poco, por lo que
los resultados sugieren que es una opcion terapéutica en estos pacientes con resultados significativos en la mortalidad.

Palabras clave: Shock cardiogénico. Bomba de flujo microaxial. Soporte circulatorio mecdnico. Mortalidad. Revision

sistematica.
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Abstract

In this article we aim to evaluate the impact of the microaxial flow pump on mortality in patients with cardiogenic shock asso-
ciated with acute myocardial infarction through a systematic review and meta-analysis of clinical trials and cohort studies.
Patients with acute myocardial infarction, both with and without ST-segment elevation, associated with cardiogenic shock and
treated with a microaxial flow pump, were included. Mortality data and implantation time of the device were reported. Patients
with more than 24 hours of shock progression, those with other shock etiologies, patients with mechanical complications from
acute myocardial infarction, and other comorbidity, were excluded. The search was conducted in PubMed and Web of Science
databases for articles published from 2019 until November 10, 2024. Risk of bias was evaluated using the RoB 2 tool and
the ROBINS-E, while statistical analysis was performed using Review Manager 5.4.1 software. A total of 1,000 patients from
five studies were included. The use of the microaxial flow pump was associated with a reduction in mortality compared to
placebo (OR: 0.6; 95% CI: 0.42-0.85; p = 0.005). However, there were no significant differences in mortality related to the
timing of the microaxial flow pump implantation (before, during, or after percutaneous coronary intervention) (OR: 0.85; 95%
Cl: 0.59-1.22; p = 0.37). Patients with cardiogenic shock have gained access to various treatment opportunities that were not
available until recently. The results suggest that the microaxial flow pump is a therapeutic option in these patients with signi-

ficant effects on mortality.

Keywords: Cardiogenic shock. Microaxial flow pump. Mechanical circulatory support. Mortality. Systematic review.

Introduccion

El shock cardiogénico (SC) se define por hipotension
sistémica e hipoxia tisular debidas a una disfuncion
cardiaca. La etiologia mas comun del SC es la isque-
mia miocardica aguda debida a la oclusién de una
arteria coronaria epicardica, que produce necrosis
regional de los miocitos cardiacos y pérdida de la fun-
cion ventricular'. Se ha encontrado que la incidencia
de SC como complicacién de un infarto agudo de mio-
cardio (IAM) es del 8% con elevacion del segmento ST
y del 5% sin elevacion del segmento ST2.

Las dos principales definiciones de investigacion
evolucionaron a partir de dos ensayos clinicos, SHOCK
e IABP-SHOCK I, que evaluaron el SC en el contexto
del IAM. Las definiciones utilizadas en SHOCK e IABP-
SHOCK II tenian en comun los siguientes crite-
rios®: 1) presioén arterial sistélica < 90 mm Hg durante
> 30 minutos o necesidad de apoyo farmacoldgico o
mecanico para alcanzar presiones arteriales adecua-
das, y 2) evidencia de hipoperfusion de érganos termi-
nales definida por la presencia de extremidades frias,
estado mental alterado, produccién de orina < 30 ml/h
o lactato sérico > 2.0 mmol/l.

La mortalidad a corto plazo es del 50-60% y la mayo-
ria de las muertes dentro de los 30 dias estan relacio-
nadas con causas cardiacas. Los avances en el soporte
circulatorio mecénico han puesto un enfoque nitido en
el manejo hemodindmico de los pacientes con SC*. La
farmacoterapia 6ptima y el tratamiento de la causa
subyacente del shock podrian no estabilizar a los
pacientes en etapas avanzadas. Existe escasa eviden-
cia de ensayos clinicos que respalden el uso de soporte

circulatorio mecanico como un puente hacia la recupe-
racion o hacia la decision de implantacion de un dis-
positivo de asistencia duradera o la realizacion de un
trasplante cardiaco®.

El soporte circulatorio mecanico se utiliza cada vez
mas en el SC en la estabilizacién hemodinamica, aun-
que sigue siendo controvertido exactamente cuando y
como incorporarlo en la atencion del shock. Sus bene-
ficios potenciales incluyen la reduccion del trabajo sis-
tolico del ventriculo izquierdo y las presiones de llenado
intracardiaco, y la mejoria de la perfusién coronaria y
de los érganos terminales. La seleccion del dispositivo
debe guiarse por la agudeza de la enfermedad, el feno-
tipo del SC, el grado de soporte circulatorio y ventricu-
lar requerido, el acceso vascular o la anatomia y el
volumen, y la experiencia del operador o del centro con
el procedimiento especifico®.

En los ultimos afios ha habido un aumento en la
incidencia de hospitalizados con SC, asi como un
aumento concomitante en el uso del soporte circula-
torio mecanico en el SC en todos los grupos
de edad; sin embargo, faltan datos soélidos para res-
paldar el nivel de evidencia de las pautas para el
manejo del SC’.

Método

Criterios de inclusion

Se seleccionaron ensayos clinicos y estudios de
cohorte debido a que, después de las revisiones siste-
maticas y metaanalisis, son considerados por el Oxford
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Centre for Evidence-Based Medicine como las fuentes
de evidencia méas robustas y confiables en la investi-
gacién médica®. Los criterios de inclusion fueron los
siguientes: 1) pacientes con elevacion del segmento ST
en dos 0 mas derivaciones contiguas > 0.2 mV 0 0.15
mV en mujeres en las derivaciones V2-V3; 2) pacientes
con |AM sin elevacién del segmento ST, 3) pacientes
con diagndstico de SC definido como hipotension sis-
télica < 100 mmHg o necesidad continua de vasopre-
sor, o hipoperfusion de drganos diana con lactato
arterial = 2.5 mmol/l; 4) pacientes con intervencion
coronaria percutanea (ICP); 5) disponibilidad de resul-
tados clinicos como mortalidad y complicaciones aso-
ciadas a la implantacién del dispositivo.

Criterios de exclusion

Los criterios de exclusién fueron los siguientes: 1)
pacientes con mas de 24 horas de shock; 2) otro tipo
de shock diferente del cardiogénico; 3) presencia de
complicaciones mecanicas miocardicas; 4) grave
regurgitacion adrtica; 5) presencia de asistencia meca-
nica a través de otros dispositivos de asistencia ventri-
cular; 6) trombos intracavitarios en el ventriculo
izquierdo; 7) presencia de endocarditis; 7) pacientes
con trombocitopenia inducida por heparina; 8) pacien-
tes pediatricos.

Estrategia de busqueda

Esta revision sistematica fue integrada mediante la
busqueda en PubMed y Web of Science de ensayos
clinicos y estudios de cohortes publicados desde 2019
hasta el 8 de diciembre de 2024, con la adaptacién de
los siguientes descriptores DeCS y MeSH: (cardiogenic
shock OR acute heart failure OR myocardial dysfunc-
tion) AND (microaxial flow pump OR microaxial flow
impeller OR mechanical circulatory support pump OR
continous-flow ventricular assist device) AND (mortality
OR survival). Se siguieron las directrices del modelo
PRISMA?®. La delimitacidn del periodo de publicacion
de 2019 a 2024 se establecié debido a que la toma de
decisiones basada en la evidencia se ve influida por el
ritmo al que avanzan los campos del conocimiento,
especialmente en medicina.

Evaluacion del riesgo de sesgos

La evaluacion del riesgo de sesgos y de la calidad
para los ensayos clinicos aleatorizados y los estudios
no aleatorizados se llevd a cabo con las herramientas

RoB 2 y ROBINS-E de la evaluaciéon de riesgo
Cochrane'®'.

Analisis estadistico

Para el andlisis estadistico se utilizd el software
Review Manager 5.4.1. La variable de medida del
efecto del andlisis agrupado y de subgrupo se realizd
con odds ratio (OR), la cual fue calculada mediante la
extraccion del nimero de eventos y no eventos de
cada estudio, con un intervalo de confianza calculado
del 95% (IC 95%), mientras que la heterogeneidad de
los resultados se determind mediante el estadistico I?,
considerando valores superiores al 35% como indica-
tivos de heterogeneidad significativa. El método de
analisis empleado fue el de efectos fijos, utilizando el
modelo de Mantel-Haenszel para los célculos.

Extraccion de datos

Se disefi6 un formulario estandarizado para la extrac-
cion y captura de los datos de los estudios selecciona-
dos, el cual incluia informacién detallada sobre los
siguientes aspectos: autor principal, aio de publica-
cion, titulo, tipo de estudio, poblacién, descripcién del
grupo control y experimental, y desenlaces primarios y
secundarios. El proceso de extraccion de datos lo rea-
lizaron dos revisores independientes y, en caso de
discrepancias, se resolvieron mediante consenso de
los tres autores (Tabla 1).

Resultados

A partir de la busqueda realizada en PubMed y Web
of Science, utilizando la matriz de busqueda descrita
en la metodologia, se identificaron 1,219 articulos. Tras
aplicar métodos automatizados de filtrado por fecha y
tipo de articulo, se seleccionaron 610 para el proceso
de cribado inicial. Posteriormente, mediante la revision
de titulos y resumenes, se eligieron 22 articulos para
lectura completa, de los cuales se excluyeron 17 debido
al uso de otros dispositivos de asistencia ventricular o
a etiologias del SC diferentes del IAM (Fig. 1).

Riesgo de sesgo de los estudios
incluidos

La evaluacion del riesgo de sesgos para los ensayos
clinicos aleatorizados se realiz6 con la herramienta
RoB 2 y se obtuvo un riesgo bajo o moderado,
principalmente por la presencia de sesgos en la
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Tabla 1. Estudios incluidos en la revision

Autores y aio Tipo de Poblacion Intervencion Resultados
estudio

Tarantini et al., Estudio de 191 pacientes con SC

2021 cohorte tratados con Impella 2.5 e
Impella CP; 77 implantados
antes de la ICP y 114 durante
y después

Ouweneel Estudio de 112 pacientes con SC

et al.,, 2019™ cohorte posinfarto implantados con
Impella 2.5, 5.0 o CP; 21
implantados antes de la ICP
y 91 posterior a la ICP

Schéfer et al., Estudio de 202 pacientes con SC

2021 cohorte secundario a infarto agudo de

miocardio; 106 implantados
antes de la ICP y 96 durante y
después de la ICP

Scherer et al.,

Ensayo clinico 140 pacientes; 70 tratados

2020 aleatorizado con atencion estandar y 70
con atencion estandar mas
soporte circulatorio
mecanico Impella CP

Mgller et al., Ensayo clinico 355 pacientes con infarto de

202416 aleatorizado miocardio con elevacion del

segmento ST complicado
con shock cardiogénico: 179
en el grupo de bomba de
flujo microaxial y 176 en el
grupo de atencion estandar

ICP: intervencion coronaria percutanea. SC: shock cardiogénico.

aleatorizacion de los pacientes, la medicion y el reporte
de los resultados (Figs. 2 y 3). Para los estudios de
cohorte se utilizé la herramienta ROBINS-E y la mayo-
ria tuvo sesgos moderados debido a sesgos de selec-
cion de los participantes del estudio, clasificacion de la
exposicion, datos faltantes y presentacion de los resul-
tados (Figs. 4 y 5).

Poblacion estudiada

Esta revision incluye cinco articulos originales, dos
ensayos clinicos y tres estudios de cohorte, con un
total de 1,000 pacientes con SC asociado a IAM e
implantacion de bomba de flujo microaxial'?®.

Mortalidad global asociada al uso de
bomba de flujo microaxial

De los 495 pacientes con SC asociado a IAM, 249
recibieron una bomba de flujo microaxial y 246

Tiempo de Los pacientes que recibieron Impella antes
implantacion del de la intervencion mostraron una tendencia
Impella con hacia una menor incidencia de muerte por

cualquier causa intrahospitalaria
(36 frente a 51%; p = 0.06)

respecto a la ICP

Tiempo de La mortalidad por todas las causas a 30 dias
implantacion del y a 6 meses fue del 56.2% y el 60.7%,
Impella con respectivamente

respecto a la ICP

Tiempo de La mortalidad fue mas baja en los pacientes
implantacion del con implante antes de la ICP (38%, 40/106)
Impella con comparados con los que recibieron el

implante tras la ICP (57%, 55/96)
(p = 0.0034; 0.33-0.79)

respecto a la ICP

No hubo diferencias significativas en las
tasas de mortalidad a 30 dias, 1 afioy 5
afos entre los grupos tratados con Impella
CP y atencion estandar. Las tasas de
mortalidad fueron del 54% a 30 dias y del
59% a 1 afio en el grupo Impella

Impella CP frente
a atencion
estandar sin
dicho soporte

La mortalidad fue del 52.5% en el grupo de
bomba de flujo microaxial y del 63.6% en el
grupo de atencion estandar (cociente de
riesgos: 0,72; intervalo de confianza del
95%: 0.55-0.95)

Uso de bomba de
flujo microaxial
(Impella 5.0)

recibieron tratamiento médico convencional o estandar
en la atencion del SC, mostrando una disminucion sig-
nificativa de la mortalidad los pacientes que recibieron
la bomba de flujo microaxial (OR: 0.6; IC 95%: 0.42-
0.85; p = 0.005), con una heterogeneidad calculada
mediante I del 0% (Fig. 6).

Mortalidad asociada al tiempo de
implantacion de la bomba de flujo
microaxial con respecto a la ICP

De los 505 pacientes a quienes se les implanté una
bomba de flujo microaxial, 204 recibieron el dispositivo
previo a la ICP y 301 durante o después de la ICP, sin
diferencias significativas en la mortalidad (OR: 0.85; IC
95%: 0.59-1.22; p = 0.37) y una heterogeneidad calcu-
lada mediante I del 84 (Fig. 7). Es importante destacar
que el tiempo promedio de la duracién del soporte con
Impella fue de 4-6 horas en los estudios de Tarantini
et al.'”? y Schéfer et al'“,, y la media de tiempo de
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[ Identificacion de estudios en bases de datos ]

Articulos identificados:

— PubMed: 512

— Web of Science: 779

Total articulos identificados: 1291

Articulos eliminados antes de la
evaluacion:

] [ Identificacién ]

!

Articulos examinados

Marcados como no aptos por
herramientas de automatizacion: 681

Articulos excluidos

(n = 610)
|

Cribado

Articulos evaluados para
determinar su elegibilidad
(n=22)

> (n = 588)

Articulos excluidos:
Uso de otros dispositivos de
5| asistencia ventricular y etiologias

4

Articulos incluidos
(n=5)

[ Incluidos ] [

diferentes del shock
cardiogénico (n = 17)

Figura 1. Diagrama PRISMA que muestra la identificacién inicial mediante la matriz de bisqueda, y posteriormente la
eliminacion por métodos de automatizacion, afio y tipo de articulo. En el cribado se seleccionaron o eliminaron articulos
por la lectura de titulos y resimenes; de los seleccionados, se excluyeron 17 por no cumplir con los criterios de la
investigacion, y finalmente se seleccionaron 5 articulos para ser incluidos en la revision.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

25% 50% 75% 100%

| . Low risk D Some concerns

Figura 2. Riesgo de sesgos segun cada dominio de la herramienta de RoB 2.

soporte fue de 5 horas, siendo la implantaciéon 30 minu-
tos y 25 minutos antes de la ICP, respectivamente; sin
embargo, en el estudio de Ouweneel et al.'® no se
reportan estos datos.

Discusion
En esta revision sistematica que incluye 1,000

pacientes provenientes de cinco estudios se observa-
ron los siguientes resultados:

— El uso de la bomba de flujo microaxial se asocié con
una reduccién en la mortalidad con respecto a la
atencion estandar en pacientes con SC.

— No se observaron diferencias significativas en términos
de mortalidad con respecto al tiempo de implantacién
del dispositivo antes o durante y después de la ICP.

— Los efectos adversos mas frecuentes relacionados
con la implantacion del dispositivo fueron la hemdlisis
y la hemorragia del sitio de implantacion, pero esto
se relaciond con el calibre de la bomba implantada.
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Risk of bias domains
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Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

- Some concerns

. Low

Figura 3. Riesgo de sesgos global segin los dominios de la herramienta RoB 2.

Bias due to confounding

Bias arising from measurement of the exposure

Bias in selection of participants into the study (or into the analysis)
Bias due to post-exposure interventions

Bias due to missing data

Bias arising from measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

25% 50% 75% 100%

. Low risk D Some concerns

H
B

Figura 4. Riesgo de sesgos segin cada dominio de la herramienta ROBINS-E.

Risk of bias domains

Study

Domains:
D1: Bias due to confounding.

D2: Bias arising from measurement of the exposure.
D3: Bias in selection of participants into the study (or into the analysis).‘ Low
D4: Bias due to post-exposure interventions.

D5: Bias due to missing data.

D6: Bias arising from measurement of the outcome.
D7: Bias in selection of the reported result.

@

Judgement

- Some concerns

Figura 5. Riesgo de sesgos segin cada dominio de la herramienta ROBINS-E.

Si bien en los hallazgos de la revision el dispositivo
Impella redujo la mortalidad con respecto a la atencién
estandar, esto posiblemente se vio influido por la
homogeneidad del estudio DanGer Shock'® y del

estudio publicado por Scherer et al.’®, debido a que los
dos incluyeron pacientes con SC asociado a |AM,
excluyendo aquellos que sufrieron paro cardiorrespira-
torio extrahospitalario. Por otro lado, ambos
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Bomba microaxial flujo  Atencion estandar Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Clemens 2020 32 70 41 70 283% 060(0.31,1.16) ——r
Moller 2024 82 179 103 176 71.7%  0.60(0.39,0.91)] -
Total (95% CI) 249 246 100.0%  0.60[0.42, 0.85] -
Total events 114 144
Heterogeneity. Chi*= 0.00, df= 1 (P = 0.99); F= 0% =0 01 0=‘ 1=0 1 00:
Testfor overall effect Z=2.83 (P = 0.005) Bomba microaxial de flujo Atencion estandar

Figura 6. Variable de mortalidad global asociada al uso de bomba de flujo microaxial.

Previo Durante o Despues Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andreas 2021 40 106 55 96 57.4% 0.45[0.26,0.79] ——
Dagmar 2019 10 b3 55 91 17.3% 0.60[0.23,1.54) S
Giaseppe 2021 50 77 56 114 253% 1.921.06, 3.48) ——
Total (95% CI) 204 301 100.0%  0.85[0.59, 1.22] <
Total events 100 166
Heterogeneity: Chi*= 12.55, df= 2 (P = 0.002); F= 84% '0 0 0:1 1f0 100’
Test for overall effect Z=0.89 (P=0.37) ’ ’ Previo Durante o despuss

Figura 7. Variable de mortalidad seg(n el tiempo de implantacion del dispositivo respecto a la intervencién coronaria

percutanea.

compararon el uso de Impella CP frente al tratamiento
estandar, que incluia ICP temprana, soporte farmaco-
l6gico y ventilacion mecdnica' .

En cuanto al tiempo de implantacién del dispositivo
(antes, durante o después de la ICP), no se encontra-
ron diferencias significativas en términos de mortali-
dad. Aunque los estudios incluidos se centraron en el
tiempo de la implantacion'?'3'4, sus resultados no fue-
ron homogéneos debido a diferencias en el disefio de
los estudios, las poblaciones de pacientes y los crite-
rios de inclusién. En los estudios de Tarantini et al.'? y
de Schafer et al.'"* se observd que la implantacion del
dispositivo antes de la ICP y la revascularizacion com-
pleta se asociaban a una menor mortalidad en compa-
racion con la revascularizacién incompleta y la
implantacion del Impella durante o después de la ICP.
En el estudio de Ouweneel et al.”®, que abarcd registros
de 12 afios previos, el manejo del SC evolucioné como
también las técnicas de revascularizacion y la expe-
riencia de los centros de hemodinamia con en el uso
del Impella; en este sentido, la existencia de protocolos
especificos para el SC probablemente fue menor al
inicio del periodo del estudio (2006-2018), afectando la
consistencia de los resultados'.

Una revision y metaandlisis publicado por lannac-
cone et al."” en 2021, cuyo objetivo principal fue evaluar
los resultados a corto plazo, en particular la mortalidad
a 30 dias, en pacientes con SC tratados con soporte
circulatorio mecénico Impella, hallé6 que los pacientes
con SC siguen teniendo una mortalidad alta (47.8%) a
pesar del uso del Impella; sin embargo, en este estudio
no se hizo una comparacion frente a pacientes con
atencion estandar y la mayoria de los pacientes ya
tenian fallo multiorganico y dafio miocardico grave, lo
que pudo aumentar la mortalidad de manera significa-
tiva. Otro metaanalisis, publicado por Vargas et al."® en
2020, que tuvo el mismo objetivo que el metaandlisis
previo y resultados similares en términos de mortalidad
(54.6%), encontré una disminucion significativa de la
mortalidad en los pacientes con implantacién temprana
del dispositivo, antes de la ICP (OR: 0.71; IC 95%: 0.58-
0.86; p = 0.001).

El estudio MI2IAM-CS, un metaanalisis que tuvo
como objetivo comparar y evaluar los resultados de
pacientes con SC asociado a |IAM tratados con Impella
frente a balon de contrapulsacion intraadrtico, mostro
que los pacientes tratados con Impella presentaron una
mortalidad significativamente mayor (OR: 1.44; IC 95%:
1.67-5.13; p < 0.001); sin embargo, estos resultados
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pueden estar sesgados debido a que los pacientes que
recibieron Impella presentaban més marcadores de
shock, como presion arterial mas baja, mayores niveles
de lactato, menor fraccion de eyeccion del ventriculo
izquierdo y mayor necesidad de soporte vasopresor e
inotropico, asi como también una colocacion tardia del
Impella después de la ICP'.

Puesto asi, el uso de Impella en el SC asociado a
IAM en pacientes que no hayan tenido paro cardiorres-
piratorio extrahospitalario y en pacientes con estadios
avanzados del SC puede reducir la mortalidad; sin
embargo, es preciso que se acompafe del tratamiento
guiado por pautas internacionales, como también de
una revascularizacion temprana. En este sentido, aln
hacen falta mas ensayos clinicos aleatorizados en
pacientes con SC asociado a IAM para definir el mejor
momento de la implantacion y su impacto en la
mortalidad.

Limitaciones

Esta revision presenta algunas limitaciones que
deben de ser tomadas en cuenta al interpretar sus
resultados, entre las cuales estan una muestra pequefa
de 1,000 pacientes, la alta homogeneidad con respecto
a la variable mortalidad en relacién con el tiempo de
implantacion del dispositivo, la escasa cantidad de
ensayos clinicos aleatorizados disponibles sobre el
tema y la capacidad de los centros de hemodinamia
para la realizacién de este procedimiento, asi como su
experiencia en la implantacion de los dispositivos.

Conclusion

La mortalidad en el SC asociado a IAM en etapas
avanzadas del shock es alta. La revascularizacion tem-
prana y el soporte farmacoldgico con inotropicos y
vasopresores son los Unicos factores que han mos-
trado reducir la mortalidad de manera significativa. Sin
embargo, el desarrollo de soporte circulatorio meca-
nico, como la bomba de flujo microaxial, en cualquiera
de sus presentaciones, supone una alternativa atrac-
tiva de vaciado del ventriculo izquierdo en pacientes
con SC, por sus resultados en pacientes con insuficien-
cia cardiaca y como puente en pacientes para el tras-
plante cardiaco. No obstante, en el contexto del SC, en
nuestra revision el uso de bomba de flujo microaxial
muestra una significativa disminucion en la mortalidad
con respecto a los pacientes que recibieron interven-
cién estandar. Por otro lado, en cuanto al tiempo de
implantacion del dispositivo en relacion a la ICP, no se

encontraron diferencias significativas en términos de
mortalidad; en este sentido, creemos que estos resul-
tados pueden mejorar en estudios posteriores debido
a la evolucion el tratamiento del SC, las terapias de
revascularizacion y la experiencia de los centros de
hemodinamia.
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La presente investigacion no ha recibido ninguna
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Abstract

Atrial high-rate episodes (AHRESs) are atrial tachyarrhythmias detected by cardiac implantable electronic devices when the atrial
rate exceeds the device’s programmed detection threshold. The frequency and duration of these episodes vary, with those
lasting more than 5 min generally considered clinically significant. The occurrence of AHREs has been associated, in multiple
clinical trials, with an increased risk of progression to overt atrial fibrillation (AF) and a higher incidence of thromboembolic
events, particularly ischemic stroke. Several studies have demonstrated that the strength of these associations is directly pro-
portional to AHREs duration and is further influenced by comorbidities such as advanced age, hypertension, and a history of
heart failure. Despite the elevated embolic risk, clinical uncertainty persists regarding the optimal timing and indication for ini-
tiating long-term oral anticoagulation in patients with AHREs. Consequently, this narrative review aims to outline a contempo-
rary clinical approach and propose a treatment algorithm for AHRES, grounded in the current body of evidence.

Keywords: Atrial fibrillation. Embolic stroke. Anticoagulants. Artificial pacemaker. Implantable defibrillator.

Resumen

Los episodios de alta frecuencia auricular se definen como eventos auriculares que superan el limite programado de frecuencia
de deteccion establecido por los dispositivos electronicos cardiacos implantables. La periodicidad y la duracion de estos episo-
dios son variables, considerandose clinicamente relevantes los que duran mds de 5 minutos. En numerosos estudios, su pre-
sencia se ha asociado a la progresion a largo plazo a fibrilacion auricular clinica y un mayor riesgo de ictus embdlico. Los
estudios han establecido que estas asociaciones estdn directamente relacionadas con la duracion de los episodios de alta
frecuencia auricular, junto con factores de riesgo como la edad, la hipertension y los antecedentes de insuficiencia cardiaca.
A pesar de existir un riesgo elevado de eventos embdlicos, sigue existiendo incertidumbre respecto al inicio de la anticoagula-
cion a largo plazo y los beneficios clinicos de dicho tratamiento. Por ello, esta revision narrativa busca ofrecer una aproximacion
clinica actual y proponer un algoritmo de tratamiento para los episodios de alta frecuencia auricular segun la evidencia actual.

Palabras clave: Fibrilacion auricular. Accidente cerebrovascular embdlico. Anticoagulantes. Marcapaso atrtificial. Desfibrilador

implantable.
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Background

Among cardiac arrhythmias, particularly supraven-
tricular tachyarrhythmias, atrial fibrillation (AF) is rec-
ognized as the most prevalent sustained rhythm
disorder in the adult population'-2. This condition sub-
stantially increases the risk of embolic stroke, thereby
contributing to the overall morbidity and mortality bur-
den associated with cardiovascular disease®*.

AHREs are defined as atrial tachyarrhythmias that
exceed the detection rate threshold programmed in car-
diac implantable electronic devices (CIEDs)'. These
devices are capable of detecting a range of atrial
arrhythmias, including AF, atrial flutter, and atrial tachy-
cardia®, typically characterized by an atrial rate > 170
beats per minute (bpm), with a mean rate of approxi-
mately 190 bpm, and a minimum duration of 30 s57.
AHREs are considered clinically significant when they
last more than 5 min, as they have been associated with
a higher risk of progression to sustained AF and an
increased incidence of thromboembolic events when
compared to individuals without such episodes’3®.

Despite these established associations, there is
ongoing debate regarding the optimal strategies for
diagnosis, risk stratification, and longitudinal manage-
ment of AHRES. Furthermore, evidence remains limited
concerning their predictive value for major adverse car-
diovascular events in affected patients®'". Therefore,
this review aims to deepen the understanding of AHREs
and to provide an evidence-based perspective on their
clinical management.

Materials and methods

A narrative review of the literature was performed
using the PubMed and Google Scholar databases, cov-
ering publications from January 1, 2010, to August 1,
2024. The following keywords were used: “atrial
fibrillation,” “atrial high-rate episodes,” “embolic stroke,”
“oral anticoagulants,” “artificial pacemaker,” and
“implantable defibrillator.” A total of 40 articles were
selected based on relevance to the topic, the authors’
judgment, and consultation with subject matter experts.

Epidemiology

The incidence of atrial high-rate episodes (AHRES)
varies considerably depending on the studied popula-
tion. Most available data come from observational reg-
istries, which estimate a prevalence of up to 28.1% (95%
confidence interval [Cl]: 24.3-32.1%) and an overall

incidence of 17.56 cases/100 person-years (95% ClI:
8.61-35.79; > = 99%). Notably, in episodes lasting longer
than 6 min, the incidence increases to 36.95 cases/100
person-years (95% Cl: 31.78-42.97; I? = 51%)™2.

The detection of AHREs may occur at variable time
points following CIED implantation, particularly in
patients without a prior history of AF but with suspected
embolic events. Cumulative detection rates have been
reported in up to 25% of patients within the 1! year and
35% at 2-year follow-up®. Although the causal relation-
ship between AHREs and the development of clinical
AF remains incompletely understood, current evidence
suggests that the presence of AHREs is associated
with a 4.45-fold increased risk of developing AF (95%
Cl: 2.87-6.91)"2.

Several clinical and demographic factors have been
implicated in the onset and progression of AHREs,
particularly in the transition to sustained AF. These
include advanced age, hypertension, diabetes mellitus,
heart failure, alcohol consumption, smoking history,
and ischemic heart disease''®. These comorbidities
may promote structural and electrical atrial remodeling,
facilitating arrhythmogenesis. While most patients
remain asymptomatic during AHREs, some studies
have identified a correlation between AHREs and
increased risk of embolic complications. In an analysis
from the AF Follow-up Investigation of Rhythm Man-
agement trial, 12% of patients with documented isch-
emic stroke had been asymptomatic before the event'.

Pathophysiology

Although the underlying pathophysiological mecha-
nisms of AHREs are not entirely understood, and fur-
ther research is warranted to clarify them'®, a potential
relationship between AHREs and the subsequent
development of clinical AF should be considered. It is
essential to examine the mechanisms and factors that
may facilitate the onset and maintenance of AF®.

Several theories have been proposed to explain AHRE,
including the presence of ectopic depolarizing foci, struc-
tural atrial remodeling, and abnormal conduction proper-
ties'®"”. In addition, both environmental and genetic
predispositions may contribute to its occurrence®,

Electrophysiological disturbances may be the root
cause, as ectopic foci can generate disorganized and
asynchronous electrical impulses, promoting AHREs
development'®. Under normal physiological conditions,
the Bachmann bundle transmits the electrical impulse
from the right to the left atrium. However, ectopic
impulses arising from atrial cardiomyocytes — particularly



transmitted erratically via the sensitive central portion
of the Bachmann bundle — can lead to disordered con-
duction™. The pulmonary vein ostia (and less com-
monly the vena cava, coronary sinus, and ligament of
Marshall)'® are key sites implicated in ectopic activity
due to abrupt changes in myocardial fiber architecture,
extracellular matrix composition, and heightened ion
channel sensitivity in adjacent cells'®. This may result
in asynchronous impulses at the sinoatrial node, char-
acterized by shortened refractory periods or delayed
conduction'.

Moreover, action potential abnormalities have been
described in atrial myocytes at these sites, possibly
linked to genetic mutations in sodium, potassium, and
calcium channels, which impact cellular electrophysiol-
ogy'”?°. These changes contribute to altered refractory
periods and promote re-entry mechanisms'®'8,

Pathological conditions also induce structural
changes within the atria, particularly through fibrosis
mediated by increased type | and Il collagen depo-
sition. Fibroblasts and myofibroblasts — stimulated by
signaling molecules such as angiotensin I, matrix
metalloproteinases, transforming growth factor-p1, con-
nective tissue growth factor, and platelet-derived growth
factor — are key players in this process'®. These mole-
cules also impair connexin function within intercalated
discs, fostering a substrate for impaired electrical cou-
pling and facilitating fibrotic remodeling?'.

AHREs and risk of embolic events

AHRESs have been associated with a heightened risk
of embolic stroke. Some series report that up to 2.4%
of patients who experienced ischemic stroke had doc-
umented AHRE'?2, However, uncertainty remains
regarding the initiation of oral anticoagulation (OAC) in
this population. While direct oral anticoagulants
(DOACs) have demonstrated efficacy in reducing
embolic events in patients with clinical AF and high
thromboembolic risk?, data in patients with AHREs
remain limited. Nonetheless, up to 25% of AHRE cases
detected by CIEDs might warrant anticoagulation®*.

A sub-analysis of the mode selection trial (MOST)
examined 312 patients with sinus node dysfunction and
pacemaker implantation. It showed that individuals with
AHREs > 220 bpm lasting more than 5 min had an
increased risk of stroke over 27 months (hazard ratio
[HR] =2.79, 95% CI: 1.51-5.15, p = 0.0011) and of devel-
oping AF (HR: 5.93, 95% CI: 2.88-12.2, p = 0.0001)2.
These findings were later supported by the ASSERT
trial, which reported that patients with AHREs > 190 bpm
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and duration > 6 min had a higher risk of stroke or
systemic embolism (HR: 2.49, 95% Cl: 1.28-4.85;
p = 0.007)25. Similarly, Will et al. found an elevated risk
of stroke in patients with cardiac resynchronization
therapy and AHREs > 24 h (HR: 2.30, 95% CI: 1.09-
4.83; p = 0.028)%.

The role of arrhythmic burden was further explored
in the TRENDS study, an observational cohort of
2,486 patients followed for 1.4 years. This study found
that atrial arrhythmias persisting for more than 5.5 h
over 30 days doubled the risk of thromboembolic
events?’.

A 2021 systematic review and meta-analysis that
included 23 studies confirmed that AHREs duration
correlates with thromboembolic risk. It found a signifi-
cant increase in risk even for AHREs durations > 30 s
(HR: 4.41, 95% Cl: 2.32-8.39; 12 = 5.5%)°.

More recently, a 2024 meta-analysis by Ahmed et al.
evaluated nine studies with 7440 patients with AHREs
but no prior AF. The findings confirmed increased risks
of clinical AF (RR = 3.33, 95% ClI: 1.99-5.57; p < 0.0001)
and thromboembolism (RR = 2.21, 95% CI: 1.72-2.85;
p < 0.0001), though no significant difference in all-
cause mortality was observed?.

Risk factors for the development of AHREs

The likelihood of detecting AHRESs in patients with
CIEDs depends on several risk factors. The literature
categorizes these patients into two main groups:
(1) those with a known history of AF, in whom AHREs
occur in 40-70%, and (2) those without prior AF, in
whom detection rates range from 10-30%%.

A sub-analysis of the IMPACT trial stratified AHREs
duration into < 6 min, 6 min-6 h, 6-24 h, and > 24 h.
Risk factors for AHREs > 6 min included age > 65 years
(odds ratio [OR] = 1.54, 95% ClI: 1.21-1.97; p < 0.001)
and prior AF history (OR = 2.50, 95% CI: 1.83-3.43;
p < 0.001). Hypertension was associated with pro-
longed AHREs > 24 h (HR: 2.13, 95% Cl: 1.24-3.65;
p = 0.006). Interestingly, female sex was associated
with a lower likelihood of experiencing AHREs lasting
> 6 min but < 6 h (HR: 0.72, 95% Cl: 0.54-0.96;
p = 0.027). Embolic risk, as measured by the CHADS2
score, also correlated with AHREs duration: patients
with CHADS2 = 3 had higher AHREs incidence = 6 h
(RR = 1.244, 95% Cl: 1.029-1.504) and = 24 h
(RR = 1.476, 95% Cl: 1.113-1.957)%.

Another study involving 500 patients with CIEDs
identified the following risk factors for AHREs > 24 h:
male sex (HR: 2.14, 95% CI: 1.08-4.23; p = 0.029),
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Figure1.Anapproachto starting oravoiding anticoagulation
based on atrial high-frequency episode intervals (adapted
from Joglar et al.” and Ding et al.%").

age > 75 years (HR: 2.93, 95% CI: 1.57-5.45; p = 0.001),
and heart failure (HR: 4.02, 95% CI: 1.43-11.26;
p = 0.008). Larger left atrial diameter and volume were
also associated with AHREs occurrence (p = 0.021 and
p = 0.011, respectively)?.

Direct atrial lead stimulation may have a proarrhyth-
mic effect. Atrial arrhythmic events often occur in the
early post-implantation period, with 50% detected
within the 15t month; events usually stabilize after
1 year. These early-onset patients tend to be older than
those with persistent AHREs over time?*30,

In patients without a prior AF diagnosis who receive
ventricular pacing > 50%, the risk of AHRES is increased
— possibly due to ventricular dyssynchrony causing ele-
vated filling pressures and subsequent left atrial
remodeling'®.

AHREs management

There are currently two major areas of controversy
in the clinical approach to AHREs, which will be
addressed based on the most up-to-date evidence.

Rate or rhythm control?

At present, there is limited evidence supporting either
rate or rhythm control as the optimal management strat-
egy for patients with AHREs. A randomized study of
307 patients with AHREs exceeding 200 bpm for
> 24 h, and without a prior diagnosis of AF, compared
pharmacologic intervention (n = 169) versus no treat-
ment (n = 138). The intervention group received either
Class IC antiarrhythmics (n = 54), beta-blockers (n = 58),
or amiodarone (n = 57), aiming to evaluate AF progres-
sion. During a 20-month follow-up, 50 patients devel-
oped clinical AF: 11 in the Class IC group, 25 in the
beta-blocker group, and 5 in the amiodarone group
(p < 0.001). Time to AF progression was significantly
longer in the intervention arm compared to controls
(17.7, 17.2, and 19.0 vs. 15.9 months, respectively;
p < 0.001). Furthermore, amiodarone demonstrated
superior efficacy in reducing AHRE burden during fol-
low-up®. Despite these findings, current guidelines do
not recommend routine initiation of long-term antiar-
rhythmic therapy due to concerns over drug-related
adverse effects, and further randomized trials are
warranted.

In addition, atrial pacing has been shown in some
studies to reduce the incidence of AF compared to
ventricular pacing®*34. However, results from the MOST,
which assessed dual-chamber pacing, did not demon-
strate a significant difference in AF development?®2.
Therefore, pacing strategy remains an area of ongoing
investigation.

The great debate: should these patients
be anticoagulated?

One of the most contentious issues in AHREs man-
agement is the role of OAC (Fig. 1). Two recent ran-
domized, double-blind clinical trials — NOAH-AFNET 6
and ARTESIA — evaluated the efficacy and safety of
DOACs in patients with AHREs. Notably, the two trials
differed in their definitions and thresholds for AHREs
inclusion. Both trials reported comparable composite
outcomes for efficacy and safety, yet drew divergent
conclusions: one trial favored anticoagulation, while the
other highlighted an increased risk of major bleeding
without clear benefit. Key results from these studies are
summarized in table 1353,

According to the 2023 American College of Cardiol-
ogy/AHA/Heart Rhythm Society Guidelines on AF, OAC
may be considered in patients with AHREs lasting
> 24 h and a CHA,DS,-VASc score = 2 inmen or > 3



Table 1. Comparison of ARTESIA and NOAH-AFNET trials

Population

every 24 h
Comparator Placebo
Methods Double-blind — double-dummy. Intention to treat

Inclusion criteria 65 years before
CIED (2 months before randomization)

AHRE > 2 months after CIED implantation

AHRE defined by > 170 bpm > 6 minutes duration

2,538 patients: 1,306 assigned to edoxaban 60 mg

J.D. Orozco-Burbano et al. AHRE, a narrative review

4,012 patients: 2,015 assigned to apixaban 5 mg every 12 h

Aspirin 85 mg
Double-blind — double-dummy. Intention to treat

Subclinical AF > 6 min < 24 h detected by CIED with
subsequent electrocardiographic confirmation

> b5 years or > 75 years with a history of stroke
CHA,DS,-VASc > 4

65 years > 1 risk factor: HF, AHT, DB, prior stroke or

TIA, vascular endocarditis
75 years without risk factors

Exclusion criteria Previously documented AF

PCl or CABG < 30 days

Life expectancy < 12 months
Contraindication to anticoagulation
DAPT

GFR < 15 ml/min

Primary endpoint
embolism
Safety: major bleeding compound ISTH

Efficacy: occurrence of CV death, stroke, systemic

History of clinical AF documented by electrocardiogram
Indications for oral anticoagulation

Mechanical valve

Uncorrected major bleeding < 6 months

GFR < 25 ml/min

Efficacy: stroke composite (stroke+TIA), systemic
embolism
Safety: major bleeding by ISTH criteria

Mean 4 (1Q 3-5) 39+1.1

CHA,DS,-VASc

Results No prevention of cardiovascular events increased Anticoagulation in favor of apixaban with increased
the bleeding risk bleeding risk

Consider No Yes

anticoagulation

AF: atrial fibrillation; AHRE: atrial high-frequency episodes; CIED: cardiac implantable electronic device; HF: heart failure.

in women. This carries a Class lla recommendation,
based on limited but emerging evidence.

However, uncertainty persists in patients with shorter
episodes (< 24 h), regardless of thromboembolic risk.
AHRESs burden appears to be a critical determinant. An
observational cohort of 356 device-implanted patients
found that those with AHREs episodes > 48 h had a
significantly higher risk of embolic events (HR: 10.77;
95% Cl: 3.22-55.12; p = 0.030)%". Thus, individualized
risk stratification incorporating clinical comorbidities —
such as hypertension, diabetes, prior stroke, or heart
failure — should guide the decision to initiate OAC?’.

Recent advances have explored the use of artificial
intelligence to predict clinically relevant AHRESs (defined
as episodes > 6 min). In a cohort of 104 patients, 14.4%
developed relevant AHREs. Independent predictors
included beta-blocker use, prior stroke or TIA, increased
left atrial diameter, and > 1% premature atrial contrac-
tions before pacemaker implantation®®. These factors
may aid in identifying low-CHA,DS,-VASc patients who
could still benefit from anticoagulation.

In elderly populations (> 75 years), the decision to
start OAC remains particularly challenging due to con-
current elevated risks of both embolic and hemorrhagic
events. Some expert groups suggest initiating OAC for
AHREs lasting = 5.5 h in older adults without frailty.
Ultimately, the choice to prescribe anticoagulation
should weigh the absolute annual risk of stroke (gener-
ally > 1%) against bleeding risk, incorporating shared
decision-making between clinicians and patients3®:4°.

Conclusion

The detection of AHREs is increasingly common,
largely due to the widespread use of CIEDs. Multiple
studies have established a strong association between
AHRESs and the subsequent development of clinical AF
as well as an elevated risk of embolic stroke. The deci-
sion to initiate OAC should be individualized, particu-
larly in patients with AHREs lasting longer than 24 h
and in those with elevated thromboembolic risk as
defined by validated scoring systems such as CHADS,
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and CHA,DS,-VASc. However, significant evidence
gaps remain regarding the benefits and risks of OAC
in patients with shorter AHRE episodes (< 24 h) and
older adults. Further prospective studies are warranted
to refine risk stratification and guide evidence-based
management in these populations.
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Resumen

La amiloidosis cardiaca por transtiretina es una enfermedad de reciente reconocimiento, todavia con un subdiagndstico
importante en la actualidad. Se caracteriza por infiltracion de proteinas amiloides procedentes de la desestabilizacion de la
proteina transtiretina producida en el higado. Existen dos presentaciones predominantes, la forma hereditaria y la forma
salvaje, ambas con compromiso cardiaco que desencadena insuficiencia cardiaca y disminucion de la expectativa de vida.
En los ultimos afios han emergido diversas opciones de tratamiento dirigidas a la causa de la enfermedad, conocidas como
tratamientos modificadores, pero también se vuelve necesario el uso de los tratamientos tradicionales de la insuficiencia
cardiaca. Esta revision aborda los tratamientos tradicionales y modificadores para esta enfermedad, abordando sus meca-
nismos de accion, eficacia, seguridad e implementacion en el mundo real.

Palabras clave: Amiloidosis por transtiretina. Amiloidosis hereditaria relacionada con la transtiretina. Miocardiopatias. Trata-
miento. Tiempo hasta el tratamiento.

Abstract

Transthyretin cardiac amyloidosis is a recently recognized disease, still significantly underdiagnosed. It is characterized by
infiltration of amyloid proteins resulting from the destabilization of the transthyretin protein produced in the liver. There are
two predominant presentations, the hereditary form and the wild-type form, both with cardiac involvement leading to heart
failure and reducing life expectancy. In recent years, multiple treatment options targeting the cause of the disease, known as
disease-modifying therapies, have emerged, and the use of traditional heart failure treatments has become necessary. This
review addresses traditional and disease-modifying therapies for this disease, addressing their mechanisms of action, efficacy,
safety, and real-world implementation.

Keywords: Transthyretin amyloidosis. Hereditary transthyretin-related amyloidosis. Cardiomyopathies. Treatment. Time to

treatment.
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Introduccion

La amiloidosis cardiaca (AC) por transtiretina (TTR)
es una enfermedad sistémica progresiva que repre-
senta un desafio creciente en la practica cardioldgica,
asociada a insuficiencia cardiaca y alta mortalidad si
no se trata. Aunque el manejo debe ser integral, esta
revision se enfoca en la afectacion cardiaca, dado su
impacto prondstico. Analizaremos tanto las terapias
dirigidas a la TTR como el tratamiento actual de la
insuficiencia cardiaca, incluyendo opciones farmacolé-
gicas y dispositivos, y abordaremos también el manejo
de las arritmias y las valvulopatias asociadas, con el
objetivo de brindar una vision practica y actualizada
para la toma de decisiones clinicas.

Tratamientos modificadores de la
enfermedad

El enfoque terapéutico se ha orientado en la identi-
ficacion de estrategias capaces de disminuir la concen-
tracion de TTR libre en plasma, con el objetivo de
reducir la carga amiloide y frenar la progresion de la
enfermedad. En la figura 1 se muestran los principales
sitios de accion terapéutica y en la tabla 1 se resumen
los tratamientos disponibles con sus principales
resultados.

Edicion genética para disminuir la
produccion de TTR

Las repeticiones palindrémicas cortas agrupadas y
regularmente interespaciadas asociadas a endonuclea-
sas Cas9 (CRISPR-Cas9) permiten la edicion gené-
tica', lo que representa una opcion terapéutica
prometedora para la amiloidosis por TTR hereditaria,
al tratarse de una enfermedad monogénica. El NTLA-
2001, ahora denominado nexiguran ziclumeran, fue
evaluado en un estudio de fase | con 6 pacientes y
logré una reduccion de la TTR del 52% con la dosis
baja y del 87% con la dosis alta®. Posteriormente, el
estudio se amplié a 36 pacientes (formas salvajes y
hereditarias) con una uUnica infusién intravenosa y
seguimiento a 12 meses. No se observaron cambios
significativos en el péptido natriurético cerebral N-ter-
minal (NT-proBNP), la troponina T ni la distancia de
caminata (promedio: +5 m), aunque el 92% de los
pacientes mantuvo o mejord su clase funcional®. El
ensayo de fase lll MAGNITUDE (NCT06128629) apor-
tara evidencia clave sobre su aplicacion en la practica
clinica.

J.P. Costabel et al. Tratamiento de la AC por TTR

Trasplante hepatico

Dado que mas del 95% de la TTR se produce en el
higado, en 1990 se propuso el trasplante hepatico
como tratamiento para la amiloidosis hereditaria, espe-
cialmente en pacientes con la mutacion Val30Met y
compromiso neuroldégico*. Un informe internacional de
2015 sobre 125 trasplantes (mutaciones ATTRV30M y
no V30M) mostrd una supervivencia del 55.3% a 20
anos. En ese estudio, el 17.1% de los recibid tuvo pre-
sentacion cardiaca inicial y el 17.6% recibieron tras-
plante combinado de higado y corazdn®. La mutacion
Val30Met, la menor duracion de la enfermedad y el
mayor indice de masa corporal se asociaron con mejor
pronostico. Actualmente, el trasplante hepatico se
reserva para casos seleccionados y no se considera
en formas salvajes, en las que la edad avanzada y la
enfermedad establecida limitan su utilidad.

Silenciadores del ARN mensajero

Una alternativa al trasplante hepatico para reducir de
la produccion de amiloide de TTR es el uso de molé-
culas que interfieren con la funcién del ARN mensajero
mediante ARN de interferencia u oligonucledtidos anti-
sentido, ya que estos favorecen la degradacion del
ARNm que codifica la TTR, evitando de esta forma la
traduccion a proteina (Fig. 2).

PATISIRAN

El patisiran es un ARN de interferencia pequefia que
se une al ARNm de la TTR, promoviendo su degrada-
cion. Se administra por infusion intravenosa cada 3
semanas y logra suprimir mas del 95% de la TTR tanto
hereditaria como salvaje.

El estudio APOLLO B aleatoriz6 225 pacientes con
amiloidosis por TTR hereditaria para recibir patisiran o
placebo durante 18 meses, y el patisiran obtuvo mejo-
ria en los sintomas neuroldgicos®. En los pacientes con
compromiso cardiaco, el patisiran redujo el grosor mio-
cardico, mejord el strain longitudinal, redujo el
NT-proBNP y disminuy6 los eventos cardiacos adver-
sos’. En el estudio APOLLO B, con 360 pacientes con
AC-TTR, a los 12 meses la reduccion en la distancia
de caminata fue menor y mejord la calidad de vida
medida por el Kansas City Cardiomyopathy Question-
naire Overall Summary (KCCQ-OS) en el grupo tra-
tado. Aunque no esta aprobado para la AC-TTR, si lo
esta para la neuropatia por amiloidosis familiar. El estu-
dio APOLLO B continda en fase de extension.
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Supresion de la sintesis TTR
Silenciamiento RNA:

siRNA: ASO:
e Patisiran e Inotersén
e Rewusiran e Eplontersén
o Vutrisiran

mRNA TTR

Edicién genética:
e CRISPR-Cas9: NTLA-2001

Estabilizacion de TTR

Tretamero ey Aneutes i
selectivos: selectivos:
TTR « Tafamidis « Diflunisal
e Acoramidis
Dimeros

TTR

Monémeros L ‘
TTR e r

Agregados de monémeros
mal plegados

Degradacion TTR

Fibl:as_ de Ac monoclonales: e Doxiciclina
amiloide o PRX004 « (T)UDCA
e NIO06 e Té verde
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polarizada se ve birrefringencia
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Figura 1. Sitios terapéuticos y tratamientos. Esquema general de las principales intervenciones terapéuticas en la
amiloidosis cardiaca por transtiretina (TTR). En la parte superior se ilustra la supresion de la sintesis de TTR en el higado
mediante estrategias de silenciamiento de RNA (p. ej., patisiran, inotersén, eplontersén) o de edicion genética (CRISPR-
Cas9). En la seccion intermedia se muestra la estabilizacion de la TTR mediante farmacos especificos (p. ej., tafamidis,
diflunisal, acoramidis) que previenen la disociacion del tetramero en dimeros y monémeros propensos al mal plegamiento.
Estos monémeros pueden agregarse y formar fibrillas amiloides, las cuales se depositan principalmente en el corazén.
Finalmente, se incluyen estrategias de degradacion de TTR o eliminacion de fibrillas, y se destaca la confirmacion
diagnéstica mediante biopsia endomiocéardica tefiida con rojo Congo. Ac: anticuerpos; ASQO: oligonucledtidos antisentido.



Tabla 1. Tratamientos disponibles actualmente

J.P. Costabel et al. Tratamiento de la AC por TTR

Silenciadores de ARNm

Patisiran 300 ug/kg, via intravenosa, cada 3
semanas
Dosis maxima: 30 mg
Inotersén 284 mg, via subcutanea, semanal
Vutrisiran 25 mg, via subcutanea, cada 3 meses

Eplontersén 45 mg, via subcutanea, mensual

Estabilizadores de la TTR

Tafamidis 61 mg/dia, via oral

Acoramidis 800 mg c¢/12 h, via oral
Diflunisal 250 mg ¢/12 h, via oral

Té verde 1200 mg/dia, capsulas, via oral

Aumento de la

depuracion
Doxiciclina 100 mg ¢/12 h, via oral
Acido 250 mg ¢/8 h, via oral

tauroursodesoxicolico

ALXN2220 Infusion intravenosa cada 4 semanas

Mejoria de calidad de vida a 12 meses

Mejoria de la neuropatia en términos de progresion.
Reduccion de la masa ventricular como resultado indirecto
de beneficio cardiaco

Reduccion de las muertes por cualquier causa y de los
eventos cardiovasculares recurrentes.

Mejoria de calidad de vida y de prueba de caminata
Estudios en curso

Reduccion de hospitalizaciones y mortalidad total en
estudios aleatorizados. Mejoria de calidad de vida y de
prueba de caminata

Mejoria en desenlace jerarquico de muerte,
hospitalizaciones por causa cardiovascular, NT-proBNP y
caminata de 6 minutos

Disminucion de la progresion del déficit neurologico y
preservacion de la calidad de vida. Aprobado por la FDA
Disminucion del 6% de la masa ventricular en estudios
iniciales

Solo se cuenta con resultados de estudios de fase Il que
mostraron estabilidad de la enfermedad en el tiempo
Solo se cuenta con resultados de estudios de fase Il que
mostraron estabilidad de la enfermedad en el tiempo

Estudio en fase Ill en desarrollo

FDA: Food and Drug Administration; NT-proBNP: propéptido natriurético cerebral N-terminal; TTR: transtiretina.

VuTtRISIRAN

El vutrisiran es un ARN de interferencia pequefa
similar al patisiran, aprobado por la Food and Drug
Administration (FDA) para la AC-TTR, que se admi-
nistra subcutaneamente cada 3 meses. En el estudio
Helios B mostrd una reduccion significativa en mor-
talidad y hospitalizaciones por causa cardiovascular
(hazard ratio [HR]: 0.72; intervalo de confianza del
95% [IC 95%]: 0.56-0.93; p = 0.01) y preservé la
capacidad funcional y la calidad de vida (menor
declive en la caminata de 6 minutos y en el
KCCQ-0S)®. Los eventos adversos graves fueron
comparables a los ocurridos con placebo. El benefi-
cio se observd tanto en pacientes con tafamidis
como sin él.

No esta claro si el vutrisiran o el tafamidis es mejor
para iniciar el tratamiento, ya que los estudios no per-
miten comparaciones directas. En el estudio HELIOS-B,
la combinacion de terapias dirigidas a la TTR no mos-
tré beneficio adicional en la supervivencia en compa-
racién con la monoterapia®.

INOTERSEN

El inotersén es un oligonucledtido antisentido que
favorece la degradacion del ARNm de la TTR. Su efi-
cacia en la neuropatia por amiloidosis se demostré en
el estudio NEURO-TTR, con mejoria neurolégica y de
calidad de vida a las 66 semanas®. En la AC-TTR, un
estudio con 33 pacientes mostré a 2 afios una reduc-
cion del 8.4% en la masa ventricular izquierda por
resonancia magnética y una mejoria en la caminata de
6 minutos; a 3 afios, la masa disminuy6 un 11.4% y la
distancia aument6 16.2 m. Los eventos adversos gra-
ves incluyen glomerulonefritis y trombocitopenia, requi-
riendo monitoreo frecuente.

EPLONTERSEN

El eplontersén es un oligonucleétido antisentido de
segunda generacion similar al inotersén, conjugado
con N-acetilgalactosamina para mejorar la captacién
hepatica. En fase | fue 30 veces mas potente,
requiriendo dosis 8 veces menores en comparacion

51



52

Arch Cardiol Mex. 2026;96(1)

B HELIOS-B

o —_
(o] o
.

©
»

Probabilidad de supervivencia (%)

0 3 6 9 12 15 18

B ATTRIBUTE

Tiempo de seguimiento (meses)

ATTR-ACT

21 24 27 30 33 36 42 45

Figura 2. Comparacion de la sobrevida en las ramas de tratamiento de los estudios HELIOS-B (vutrisiran), ATTRIBUTE

(acoramidis) y ATTR-ACT (tafamidis).

con el farmaco original™®. En el ensayo NEURO-TTRans-
form se observo reducciéon de la TTR sérica en un
81.7%, con menor deterioro neuroldgico y mejor cali-
dad de vida, y con pocos efectos adversos'.

El estudio CARDIO-TTRansform esta evaluando su
eficacia en cuanto a mortalidad y eventos cardiovascu-
lares en pacientes con AC-TTR (NCT04136171).

Estabilizadores de la TTR

La desestabilizacién del tetramero de TTR es el pri-
mer paso para la generacion final de monémeros y su
conversion en fibrillas amiloides. Por ello, lograr la
estabilizacion es una estrategia terapéutica clave que
puede abordarse mediante diversas opciones.

TE VERDE

Los modelos de laboratorio han demostrado que el
epigalocatequina-3-galato, un extracto del té verde,
puede prevenir el mal plegamiento y los depdsitos de
TTR™. La mayoria de los estudios que evaluaron este
tratamiento contaban con una muestra muy pequefa.
Uno de ellos demostré una disminucion de la masa del
ventriculo izquierdo del 6% con el consumo diario de
1200 mg de extracto de té verde en cépsulas'®. Sin
embargo, no se han encontrado beneficios en la mor-
talidad de los pacientes con este tratamiento'.

DIFLUNISAL

El diflunisal es un antiinflamatorio no esteroideo con
efecto estabilizador sobre la TTR. En un ensayo alea-
torizado con 130 pacientes con polineuropatia por ami-
loidosis hereditaria, 250 mg dos veces al dia redujeron
la progresién neuroldgica y preservaron la calidad de
vida®. Aunque estos resultados respaldan su utilidad
en la amiloidosis por TTR, no existen estudios de fase
[l en AC y su evidencia se basa en estudios retrospec-
tivos y series de casos'®. En un andlisis realizado en
120 pacientes con amiloidosis cardiaca (AC), 29 reci-
bieron estabilizadores de TTR (13 con diflunisal y 16
con tafamidis). Se observd una reduccién del 65% en
el riesgo combinado de muerte o trasplante, con un
beneficio més significativo en los pacientes tratados
con tafamidis'’. Debido a la falta de estudios robustos
y la posibilidad de efectos adversos, su uso requiere
monitoreo estrecho y no esté aprobado por la mayoria
de las agencias reguladoras internacionales.

TAFAMIDIS

El tafamidis es un estabilizador selectivo de la TTR
que previene su desintegracion en mondmeros, evi-
tando asi el mal plegamiento y el depdsito amiloide. Es
el unico farmaco aprobado por la FDA y la Agencia
Europea de Medicamentos para el tratamiento de la



AC-TTR. En el ensayo de registro ATTR-ACT, el tafami-
dis (80 0 20 mg diarios) redujo significativamente la
mortalidad (30%) y las hospitalizaciones por causas car-
diovasculares (32%) en comparacion con placebo, entre
los 6 y 30 meses de seguimiento'®. Ademas, mejoro la
capacidad funcional (prueba de caminata de 6 minutos)
y la calidad de vida evaluada mediante el KCCQ-OS,
con una tolerancia comparable al placebo. El efecto
terapéutico fue mas pronunciado en pacientes en clase
funcional I-1l de la New York Heart Association (NYHA)
y en aquellos que iniciaron tratamiento en etapas pre-
coces. La formulacién de tafamidis meglumida de 61 mg
(bioequivalente a 80 mg) permite una administracion
mas conveniente en un solo comprimido diario. El tafa-
midis se ha convertido en el tratamiento de referencia
para pacientes con AC-TTR, especialmente en formas
no mutadas (salvaje), y ha modificado el pronéstico de
una enfermedad histéricamente  considerada
irreversible.

AcoRramIDIS

El acoramidis es un estabilizador selectivo de la
TTR que imita la mutacion protectora T119M'°. En el
ensayo de fase Ill ATTRibute-CM, 632 pacientes con
AC-TTR recibieron acoramidis 800 mg dos veces al
dia o placebo durante 30 meses. El andlisis jerarquico
del objetivo primario (mortalidad, hospitalizacién por
causa cardiovascular, NT-proBNP y prueba de cami-
nata de 6 minutos) fue significativo (proporcion de
victoria 1.8; IC 95%: 1.4-2.2; p < 0.0001). Aunque la
reduccion de la mortalidad total no alcanzé significa-
cion estadistica, se observé una reduccion absoluta
del 6.4% y relativa del 25%, ademas de una disminu-
cién del 30% en la mortalidad por causa cardiovascu-
lar y de un 50% en las hospitalizaciones. También
preservé el NT-proBNP, la caminata de 6 minutos
(+39.6 m) y la calidad de vida (KCCQ-OS: +9.9 pun-
tos). El farmaco fue bien tolerado, con eventos adver-
sos comparables a los del placebo. La comparacion
directa con el tafamidis se ve limitada por diferencias
en la poblacion y el uso concomitante de tafamidis en
algunos participantes.

Aumento de la depuracion de amiloide

DoxicICLINA Y ACIDO TAUROURSODESOXICOLICO

Hasta ahora, los tratamientos descritos apuntan a
disminuir la produccion de TTR o a estabilizar el tetra-
metro. Obici et al.?® realizaron un estudio de fase II
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abierto que evalud la eficacia, la tolerabilidad, la segu-
ridad y la farmacocinética de la doxiciclina (100 mg
dos veces al dia) junto con acido tauroursodesoxico-
lico (250 mg tres veces al dia) durante 12 meses en
pacientes con amiloidosis por TTR. Los resultados
mostraron que no hubo progresién del compromiso
miocardico y la neuropatia se mantuvo estable.

En otro estudio de fase Il realizado con 28 pacientes
bajo las mismas dosis, solo el 36% logré completar el
tratamiento; las principales razones de abandono fue-
ron falta de respuesta al tratamiento, efectos adversos
y retiro del consentimiento o muerte?'.

ANTICUERPOS MONOCLONALES

En la actualidad se encuentra en evaluacion la
molécula ALXN2220, un anticuerpo monoclonal
recombinante humano IgG1 que se une selectiva-
mente a la fibrilla de amiloide, tanto de las variantes
salvajes como de la hereditaria, induciendo la fagoci-
tosis mediada por el anticuerpo®. Un estudio de fase
I/l aleatorizé a 40 pacientes con amiloidosis por TTR
e insuficiencia cardiaca en una proporcién 2:1 para
recibir N1006 por via intravenosa en dosis ascenden-
tes de 0.3 a 60 mg/kg o placebo, cada 4 semanas,
durante 4 meses. No se reportaron eventos adversos
graves y se observd una aparente reduccion de la
carga de amiloide mediante resonancia magnética
cardiaca y centellograma®. Considerando estos
resultados, se disefid un estudio de fase Ill que pla-
nea aleatorizar 1000 pacientes con AC-TTR para reci-
bir en relaciéon 2:1 el anticuerpo o placebo. Esta
terapia resulta prometedora, ya que podria atacar
directamente la causa de la enfermedad y revertir su
progresion.

Manejo de la insuficiencia cardiaca

La fisiopatologia restrictiva de la cardiopatia por ami-
loidosis, junto con la disminucién del volumen sistélico,
dificultan el mantenimiento de un balance hidrico ade-
cuado?. El tratamiento sintomatico se basa en diuréti-
cos de asa y antagonistas de la aldosterona, asociados
a restriccion hidrosalina®.

Actualmente no existe evidencia que respalde el uso
de farmacos recomendados para la insuficiencia car-
diaca con fraccion de eyeccion reducida en pacientes
con amiloidosis. En la figura 3 se resumen los trata-
mientos disponibles y su impacto fisiopatoldgico en
este contexto.

53



54

Arch Cardiol Mex. 2026;96(1)

! Precarga, | Postcarga
1 Gasto cardiaco

| ————

Vasodilataciéon

4 Remodelado del VI
Bradicardia
Hipotension

T Excresion Na y H20,
T Remodelado
T Vasodilatacion

d Congestion

FEVI
disminuida

Vasoconstricion
periférica

Disfuncion
sistolica

Insuficiencia Cardiaca

IECAs /
ARAs

— 3

= m o —

T Excresion Nay Glu p—— | =807 ‘ —

= Postcarga, T Precarga,
d Gasto cardiaco,
Hipotension.

d Llenado ventricular,
d Gasto cardiaco

T Excresiéon Na 'y H20,
d Congestion,
1 Vasodilatacion

d Congestion,
1 Gasto cardiaco

T Excresion Na y Glu,
T Funcion cardiaca

FEVI
preservada

Derrame
pericardico

Disfuncion
dastolica

l

5
Fibras
TTR

Amiloidosis Cardiaca ATTR-w
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Tratamiento modulador

BETABLOQUEANTES

En la amiloidosis cardiaca (AC), el uso de betablo-
queantes puede resultar problematico, ya que el gasto
cardiaco depende en gran medida de la frecuencia
cardiaca. Esto puede llevar a hipotension, trastornos
de la conduccion, fatiga y sincope?.

La evidencia sobre su beneficio es contradictoria. El
estudio de Cheng et al.?’, que siguié una cohorte de 309
pacientes durante mas de 20 afios, no encontré benefi-
cios y sugirid un posible efecto negativo en aquellos

pacientes que los recibian de forma crénica. En contraste,
un analisis retrospectivo de 2731 pacientes con AC-TTR
evaluados entre 2000 y 2022 en el National Amyloidosis
Centre mostr6 que el uso de dosis bajas se asocié con
una reduccion del 59% en la mortalidad en pacientes con
fraccion de eyeccion < 40%, en comparacién con no
recibirlos o usarlos en dosis altas. No se observé bene-
ficio en pacientes con fraccién de eyeccion > 40%28.

Dado el caracter observacional de estos estudios, se
requieren ensayos clinicos aleatorizados para estable-
cer con mayor certeza su papel en el manejo de la
AC-TTR.



INHIBIDORES DEL COTRANSPORTADOR DE SODIO Y
GLUCOSA TIPO 2

Los inhibidores del cotransportador de sodio y glu-
cosa tipo 2 (iISGLT2) se han convertido en una herra-
mienta central en la insuficiencia cardiaca con fraccién
de eyeccién reducida y preservada®. Sin embargo, en
la amiloidosis por TTR la evidencia proviene exclusiva-
mente de estudios observacionales no aleatorizados,
lo que limita establecer una indicacién clara.

En un estudio retrospectivo, los pacientes tratados
con tafamidis y dapagliflozina mostraron una reduccién
significativa del NT-proBNP en comparacion con los
que no recibieron iSGLT2, sin diferencias en cuanto a
eventos clinicos®®. Un analisis multicéntrico incluyé 260
pacientes con AC-TTR tratados con iSGLT2 y 2096 sin
tratamiento, y tras el emparejamiento por puntaje de
propensién (n = 220 por grupo) se observé una reduc-
cién del 43% en la mortalidad, con una baja tasa de
discontinuacion (4.5%). Los farmacos mas utilizados
fueron dapagliflozina (67.3%) y empagliflozina (32.3%).

Aunque los resultados son alentadores, se requieren
estudios aleatorizados para confirmar su beneficio en
estos pacientes.

ANTAGONISTAS DEL RECEPTOR DE
MINERALOCORTICOIDES

Los resultados de los estudios que han evaluado los
antagonistas de la aldosterona han obtenido resultados
contradictorios. En el estudio de Cheng et al.” no se
encontro evidencia de beneficio con su uso. En con-
traste, en el estudio de loannou et al.?® se analizaron
925 pacientes, de los cuales el 39% recibi6 antagonis-
tas del receptor de mineralocorticoides (el 47.5% en
pacientes con fraccion de eyeccion del ventriculo
izquierdo [FEVI] < 40%) en el momento del diagnds-
tico. Los pacientes tratados con antagonistas del
receptor de mineralocorticoides presentaban una
mayor prevalencia de diabetes mellitus, fibrilacién auri-
cular y un fenotipo cardiaco mas grave, con peor capa-
cidad funcional evidenciada segun la clasificaciéon de
la NYHA y la prueba de caminata de 6 minutos. Ade-
mas, mostraban niveles mas elevados y una menor
tasa de filtracién glomerular. Tras ajustar por puntaje
de propension, el tratamiento con antagonistas del
receptor de mineralocorticoides se asocié con una
reduccion del 23% en el riesgo de mortalidad (HR:
0.77; IC 95%: 0.66-0.89; p < 0.001)%.
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INHIBIDORES DE LA ENZIMA CONVERTIDORA DE LA
ANGIOTENSINA, ANTAGONISTAS DE LOS RECEPTORES
DE LA ANGIOTENSINA Il E INHIBIDORES DEL
RECEPTOR DE ANGIOTENSINA-NEPRILISINA

Un estudio italiano que incluy6é a 99 pacientes con
AC (el 67% por TTR) no hallé diferencias en eventos
adversos ni hospitalizaciones por insuficiencia car-
diaca con el uso de inhibidores de la enzima converti-
dora de la angiotensina (IECA), antagonistas de los
receptores de la angiotensina Il (ARA-II) e inhibidores
del receptor de la angiotensina-neprilisina (ARNI)3'. En
el estudio de Cheng et al.?” se observo una tendencia
hacia una menor mortalidad en los pacientes con FEVI
< 50% o con alto riesgo segun el tipo de TTR, aunque
sin significacion estadistica y con limitaciones metodo-
légicas. loannou et al.?® evaluaron 1782 pacientes
emparejados por puntaje de propension (891 tratados
y 891 sin tratamiento) y no encontraron diferencias en
mortalidad (HR: 1.09; IC 95%: 0.93-1.26; p = 0.283). En
un subandlisis segun la FEVI tampoco se observaron
beneficios en el grupo con FEVI < 40 % (n = 368) ni
en el grupo con FEVI > 40 % (n = 1390)%8.

La figura 4 muestra las curvas de sobrevida en
ambos subgrupos segun el uso de IECA, ARA-II, anta-
gonistas del receptor de mineralocorticoides o betablo-
queantes. En conjunto, la evidencia disponible no
respalda de forma concluyente el beneficio de los
IECA, los ARA-II ni los ARNI en los pacientes con AC,
por lo que su uso debe individualizarse y ser evaluado
con cautela, especialmente en ausencia de estudios
aleatorizados.

Dicoxina

Los pacientes con amiloidosis pueden ser especial-
mente sensibles a la digoxina, ya que las fibras de
amiloide pueden unirse al farmaco, elevando su con-
centracion miocardica y aumentando el riesgo de
arritmias?s.

En un estudio retrospectivo realizado por Donnelly et
al.®2, 69 pacientes (42 con ATTR y 27 con cadenas
livianas) fueron tratados con digoxina durante una
mediana de 6 meses. Las indicaciones fueron control
de la frecuencia (64%) y tratamiento de la insuficiencia
cardiaca sintomatica (36%). Se reportaron posibles
eventos adversos en el 12%, sin muertes atribuidas
directamente al fdrmaco, aunque 11 pacientes fallecie-
ron durante el tratamiento, principalmente por progre-
sién de la enfermedad®. En conclusién, la digoxina
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Figura 4. Comparacion del efecto en la sobrevida de los tratamientos para la insuficiencia cardiaca en pacientes con
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puede considerarse en casos seleccionados, siempre
con indicacion precisa y monitoreo estrecho.

Terapias eléctricas: resincronizacion
cardiaca

La indicacion de terapia de resincronizacion en
pacientes con AC tiene poca evidencia. Estos pacien-
tes rara vez presentan bloqueo de rama izquierda y
suelen tener menor disincronia mecanica, lo que dis-
minuye la probabilidad de respuesta. En un estudio
multicéntrico retrospectivo, Unicamente el 36% de los
pacientes con amiloidosis presentd respuesta a la tera-
pia, en comparacion con el 70% de aquellos con

miocardiopatia dilatada, con peores resultados clini-
cos®. En los pacientes que requieren marcapasos ven-
tricular permanente, la estimulacion biventricular
parece superior a la convencional derecha, aunque la
experiencia con la estimulaciéon de rama izquierda es
limitada por la dificultad anatémica de tener que atave-
sar el septum interventricular.

Trasplante cardiaco

Gracias a los avances en el manejo de la amiloidosis,
el trasplante cardiaco se ha convertido en una opcién
viable en casos de insuficiencia cardiaca avanzada®.
No obstante, la indicacion es compleja por la posible



afectacion extracardiaca, la edad avanzada de muchos
pacientes y la incertidumbre respecto al mejor trata-
miento para prevenir la recurrencia de la enfermedad
tras la cirugia®. Aunque no se cuenta con recomenda-
ciones claras, la indicacion de trasplante debera indi-
vidualizarse en cada contexto.

Inotropicos

En una serie de 25 pacientes con amiloidosis e insu-
ficiencia cardiaca descompensada se utilizd levosi-
mendan y fue bien tolerado, pero su impacto pronostico
parece limitado, ya que un 8% fallecieron durante la
hospitalizacion inicial y un 26% en los 5 meses de
seguimiento. Ademas, existen dudas sobre la eficacia
del levosimendan en un miocardio con gran depdsito
de amiloide, por lo que su beneficio a largo plazo es
incierto®".

En la tabla 2 se resumen los tratamientos para el
manejo de la insuficiencia cardiaca y las recomenda-
ciones de uso.

Manejo de las arritmias

Las arritmias son frecuentes en la AC y tienen un
impacto importante en el prondstico y en la toma de
decisiones terapéuticas, tanto por la infiltracion ami-
loide como por las alteraciones eléctrica y estructural
asociadas.

Manejo de Ia fibrilacion auricular

La fibrilacién auricular (FA) es la arritmia mas comun,
con una prevalencia cercana al 44% en la amiloidosis
por TTR frente al 2-4% en la poblacién general. La
infiltracion amiloide favorece la remodelacion eléctrica
y mecénica, y aumenta el riesgo de tromboembolia y
de descompensacion de la insuficiencia cardiaca.

IMPORTANCIA DEL CONTROL DE RITMO

Dado que el gasto cardiaco de estos pacientes
depende de la frecuencia cardiaca, los consensos
recomiendan preservar el ritmo sinusal®®. Sin embargo,
un estudio retrospectivo no encontré diferencias en
cuanto a mortalidad entre las estrategias de control del
ritmo y control de la frecuencia®”. Otro trabajo con 84
pacientes mostré que el control del ritmo es bien tole-
rado y que el control de la frecuencia debié abando-
narse en el 80% de los casos®®. En la practica clinica
es frecuente observar deterioro hemodindmico al
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perder la contraccion auricular, lo que refuerza la prio-
ridad del control del ritmo.

ABLacion b FA

Los datos proceden de estudios observacionales. En
un estudio retrospectivo de 72 pacientes, 24 de ellos
sometidos a ablacién presentaron menos hospitaliza-
ciones por insuficiencia cardiaca o arritmias (18%
frente al 72%) y el 42% se mantuvo libre de arritmias
durante 39 meses; el beneficio fue mayor cuando la
ablacion se realiz6 en fases tempranas de la enferme-
dad®. Otro estudio de la Mayo Clinic en 26 pacientes
sometidos a ablacién por FA, aleteo o taquicardia auri-
cular describié mejoria sintomatica*.

CONTROL DE LA FRECUENCIA EN LA FA
PERMANENTE

En la FA permanente, el control estricto de la fre-
cuencia es menos relevante y muchos farmacos bradi-
cardizantes pueden causar efectos adversos; por ello,
suele adoptarse una actitud permisiva. Si se necesita
reducir la frecuencia, se utilizan betabloqueantes a
dosis bajas.

ANTICOAGULACION EN LA FA

El riesgo trombdtico es elevado incluso en ritmo
sinusal*' y aumenta con la FA. La anticoagulacion
podria considerarse también en presencia de disfun-
cidén mecanica aunque el ritmo sea sinusal*?. En una
cohorte de pacientes con AC-TTR y FA no se observd
correlacion entre la puntuacion CHA,DS,VASc y la pre-
sencia de trombo auricular, por lo que se recomienda
anticoagular a todos los pacientes con amiloidosis y FA
independientemente de dicha puntuacion3®43. Aunque
esta poblacién estuvo poco representada en los ensa-
yos de registro que compararon los antagonistas de la
vitamina K y los anticoagulantes orales directos, no
existen razones para no utilizar estos ultimos en la
practica clinica. Se aconseja realizar una evaluacion
previa con ecocardiograma transesofagico o tomografia
computarizada antes de la cardioversién, aunque esto
no parece influir en la recurrencia de la arritmia®445,

ECOCARDIOGRAMA TRANSESOFAGICO PREVIO A LA
CARDIOVERSION

Un analisis comparativo entre 58 pacientes con AC y
114 controles sometidos a cardioversion eléctrica
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Tabla 2. Manejo de la insuficiencia cardiaca

Tipo de Recomendacion
tratamiento

Diuréticos de
asa

Betabloqueantes

iSGLT2

Antagonistas de
la aldosterona

Manejo sintomético de los signos de congestion
Beneficios de descongestion intensa en estudios observacionales

Dosis bajas podrian asociarse a reduccion en la mortalidad en pacientes con FEVI < 40%; sin beneficio en
FEVI > 40% en estudios observacionales
Potencial uso en arritmias de dificil manejo

Estudios observacionales mostraron reduccion en la mortalidad con impacto en reduccion de hospitalizaciones y
mejora de calidad de vida

Estudios mixtos: Cheng et al.”’ no demostraron beneficios, pero loannou et al.”% observaron reduccion del riesgo
de mortalidad, especialmente en pacientes con FEVI < 40%
Como diuréticos podrian ser benéficos para el control del potasio al combinarlos con diuréticos de asa

Sin evidencia consistente que demuestre su beneficio independientemente de la funcién ventricular

IECA, ARA-Il y
ARNI Son una opcion en los pacientes con hipertension arterial
Digoxina Alta sensibilidad miocérdica en amiloidosis

Elevada toxicidad
No utilizar para falla cardiaca

Usar solo para control de la frecuencia en fibrilacion auricular cuando no existe otra alternativa

Resincronizacion
cardiaca
ventricular permanente

Trasplante
cardiaco

Inotrépicos

La resincronizacion es poco efectiva en pacientes con amiloidosis
La estimulacion biventricular puede ser beneficiosa en aquellos pacientes con necesidad de estimulacion

Considerado para pacientes seleccionados con escasa afectacion periférica

Una serie de casos mostr6 que el levosimendan fue bien tolerado, pero con impacto prondstico limitado

Mortalidad hospitalaria del 8% y a los 5 meses del 26%

ARA-II: antagonistas de los receptores de la angiotensina Il; ARNI: inhibidores del receptor de la angiotensina-neprilisina; FEVI: fraccion de eyeccion del ventriculo
izquierdo; IECA: inhibidores de la enzima convertidora de la angiotensina; iSGLT2: inhibidores del cotransportador de sodio y glucosa tipo 2.

mostré que la presencia de trombo en la orejuela
izquierda era 10 veces més frecuente en los pacientes
con AC (28%)**; esta prevalencia supera el 5-15% des-
crito en la FA de la poblacién general*®. No se encon-
traron diferencias en la recurrencia de la arritmia entre
ambos grupos*4.

Arritmias ventriculares

En un estudio prospectivo alemén con 72 pacientes,
la mayoria presentd extrasistoles ventriculares y el 44%
tuvo algun episodio de taquicardia ventricular no soste-
nida. La presencia de arritmias ventriculares se asoci
con menor fraccién de eyeccion, mayor hipertrofia y
mayor volumen telesistdlico®®. En una serie de 130
pacientes del centro de Emory, el 53% presentd taqui-
cardia ventricular no sostenida; 32 recibieron un desfibri-
lador en prevencion primaria y, tras un seguimiento de
2.6 afos, el 28% recibid terapia del dispositivo, sin obser-
varse diferencias en la supervivencia entre quienes
tenian o no desfibrilador’.

Trastornos de la conduccion

La infiltracion amiloide favorece el desarrollo de
bloqueos de conduccion y bradiarritmias. En una
serie de 262 pacientes con amiloidosis hereditaria y
neuropatia, 100 recibieron un marcapasos de manera
profilactica; tras un seguimiento de 45 meses, el 25%
presentd bloqueo auriculoventricular de alto grado“®.
La presencia de alteraciones de la conduccion se
asocia a mayor carga de enfermedad y a menor
supervivencia, y su progresion puede reflejar la evo-
lucion natural de la amiloidosis. La decision de
implantar un marcapasos debe individualizarse, con-
siderando el estadio de la enfermedad, la disponibi-
lidad de tratamientos especificos y la calidad de vida.

Indicacion de cardiodesfibrilador
implantable

La utilidad del cardiodesfibrilador implantable (CDI)
en prevencién primaria sigue siendo incierta. En un
estudio con 19 pacientes con amiloidosis sometidos a



implante de CDI no se observaron diferencias de super-
vivencia respecto a los controles emparejados*. Otro
estudio en 91 pacientes tampoco demostrd beneficio
en cuanto a mortalidad entre quienes recibieron CDI en
prevencion primaria o secundaria y aquellos sin CDI®,
por lo que la indicacién en prevencidn primaria continda
siendo dudosa®’. No existen estudios especificos sobre
prevencién secundaria, de modo que la decision debe
basarse en una evaluacion individual del riesgo de
muerte subita frente al avance de la enfermedad. El
centro de amiloidosis de Stanford propone considerar
el CDI en pacientes con clase funcional < IV y espe-
ranza de vida > 1 afio que presenten sincope no acla-
rado o taquicardia ventricular documentada en un
Holter®.

Manejo de las valvulopatias

ESTENOSIS AORTICA

No esta claro si la coexistencia de AC y estenosis
aortica obedece a una relacion causal o a la coinciden-
cia de ambas patologias®. El estrés oxidativo, la infla-
macion y el remodelado de la matriz extracelular
parecen contribuir tanto a la amiloidogénesis como a
la progresién de la estenosis®. La prevalencia de ami-
loidosis en la estenosis adrtica grave oscila entre el 4
y el 16%, alcanzando cifras més altas en los pacientes
sometidos a reemplazo valvular percutaneo®. En pre-
sencia de estenosis adrtica debe valorarse la posibili-
dad de amiloidosis, sobre todo si en el electrocardiograma
se observan voltajes bajos para la masa ventricular,
patrén de pseudoinfarto o trastornos de la conduc-
cién®®; en la ecocardiografia es tipico el patron de bajo
flujo y bajo gradiente®’.

Diversos estudios observacionales sefialan que el
reemplazo valvular percutaneo se asocia a menor mor-
talidad y a menores costes que la cirugia convencional.
Un andlisis retrospectivo con ajuste por puntaje de pro-
pensién mostrd menor mortalidad hospitalaria y menos
costos con el abordaje percutaneo®. Un metaandlisis
de pacientes con estenosis aértica grave y amiloidosis
mostré que el implante percutdneo de vélvula adrtica
(TAVI) reduce de manera significativa la mortalidad
frente al tratamiento médico; los resultados en términos
de mortalidad, hospitalizacién y necesidad de marcapa-
sos son comparables a los del TAVI en pacientes sin
amiloidosis, aunque se observa una tendencia a mas
eventos en quienes presentan ambas afecciones®.

J.P. Costabel et al. Tratamiento de la AC por TTR

INSUFICIENCIA MITRAL

En la AC es frecuente la insuficiencia mitral leve o
moderada®®, mientras que la insuficiencia grave es
infrecuente®'. La cirugia conlleva un elevado riesgo
perioperatorio, por lo que el tratamiento invasivo es aln
experimental y, en casos seleccionados, podrian con-
siderarse opciones percutaneas.

INSUFICIENCIA TRICUSPIDEA

La evidencia sobre la insuficiencia tricuspidea es limi-
tada. En un estudio de 283 pacientes (el 61% con
AC-TTR y el 39 % con amiloidosis AL), la presencia de
insuficiencia tricuspidea moderada o grave se asocié con
un incremento del 89% en el riesgo de mortalidad®. Por
ahora, el tratamiento percutaneo carece de evidencia
suficiente para recomendarlo de manera sistematica.

Conclusiones

La AC-TTR es un reto clinico creciente, pero los
avances terapéuticos ofrecen herramientas eficaces
para modificar su curso natural. El uso racional de
terapias dirigidas a la estabilizacion, el silenciamiento
o0 la eliminacién de TTR, asi como el manejo adecuado
de la insuficiencia cardiaca y las arritmias, deben inte-
grarse en un enfoque multidisciplinario personalizado.
La deteccion precoz y el inicio temprano del trata-
miento se asocian a mejores resultados. Los estudios
en curso permitiran definir cual es la mejor estrategia
terapéutica para cada paciente. La implementacién
progresiva de medicina de precision en esta enferme-
dad es el siguiente paso en su abordaje clinico.
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after molar pregnancy: case report and review

Hipertension pulmonar del grupo 4 por coriocarcinoma tras embarazo molar:
reporte de caso y revision
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Abstract

A 46-year-old Mexican woman developed type 4 pulmonary hypertension (PH) due to tumor embolism from choriocarcinoma
(CC), which is an uncommon presentation of this malignancy. She presented with precordial pain, dyspnea, and rapid func-
tional decline. Imaging revealed obstructive thrombi in the pulmonary arteries, initially suggestive of operable chronic throm-
boembolic PH (CTEPH). A bilateral subsegmental pulmonary thromboendarterectomy was performed, the standard treatment
for CTEPH, aimed at removing obstructive material and restoring hemodynamic stability. However, histopathological exami-
nation of the surgical specimens showed malignant cells positive for human chorionic gonadotropin, confirming CC as the
source of tumor emboli and leading to reclassification of her condition as type 4.2.2 PH. The patient died intraoperatively due
to severe airway bleeding and inability to wean from cardiopulmonary bypass.

Keywords: Choriocarcinoma. Pulmonary embolism. Thromboendarterectomy. Pulmonary hypertension. Thromboembolism.

Resumen

Una mujer mexicana de 46 afios desarrolld hipertension pulmonar grupo 4 debido a una embolia tumoral por coriocarcinoma,
una presentacion poco comun de esta malignidad. Se presentd con dolor precordial, disnea y rdpido deterioro funcional. Las
imagenes revelaron trombos obstructivos en las arterias pulmonares, inicialmente sugerentes de hipertension pulmonar
tromboembdlica cronica operable. Se realizo una tromboendarterectomia pulmonar bilateral subsegmentaria, que es el tra-
tamiento estandar, con el objetivo de eliminar el material obstructivo y restaurar la estabilidad hemodinamica. Sin embargo,
el examen histopatoldgico de las muestras quirdrgicas mostro células malignas positivas para gonadotropina coridnica
humana, confirmando el coriocarcinoma como fuente de la embolia tumoral y conduciendo a la reclasificacion de su condicion
como hipertension pulmonar grupo 4.2.2. La paciente fallecio intraoperatoriamente debido a una hemorragia grave de las
vias respiratorias e incapacidad para retirarla de la circulacion extracorpdrea.

Palabras clave: Coriocarcinoma. Embolia pulmonar. Tromboendarterectomia. Hipertension pulmonar. Tromboembolia.

*Correspondence: Date of reception: 03-07-2025 Available online: 07-10-2025
Karina del Valle Zamora Date of acceptance: 22-07-2025 Arch Cardiol Mex. 2026;96(1):62-68
E-mail: valle2356 @ gmail.com DOI: 10.24875/ACM.25000142 www.archivoscardiologia.com

1405-9940 / © 2025 Instituto Nacional de Cardiologia Ignacio Chavez. Published by Permanyer. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://orcid.org/0000-0001-7828-9375
https://orcid.org/0009-0000-5104-5426
https://orcid.org/0000-0003-3809-7373
mailto:valle2356%40gmail.com?subject=
https://dx.doi.org/10.24875/ACM.25000142

http://crossmark.crossref.org/dialog/?doi=10.24875/ACM.25000142&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

A.A. Montahez-Aguirre et al. Group 4 PH from choriocarcinoma: case report

Introduction

Pulmonary hypertension (PH) is defined as a mean
pulmonary arterial pressure (mPAP) = 20 mmHg and
is classified into five groups based on etiology's.
Group 4 includes causes related to pulmonary artery
obstruction. This category is further subdivided into two
classes: chronic thromboembolic PH (CTEPH,
Group 4.1) and other pulmonary artery obstructions
(Group 4.2)"'3. Within the latter subgroup, a rare cause
is pulmonary artery embolization due to choriocarci-
noma (CC), a rare and aggressive trophoblastic tumor
classified by its origin as either gestational or
non-gestational. The gestational form occurs in approx-
imately 2-7/100,000 pregnancies, with 25-50% of cases
arising after a molar pregnancy*. The lungs are the
most common site of metastasis;* however, presenta-
tion as a pulmonary artery embolism is rare; a review
identified fewer than 15 cases reported in the litera-
ture It is believed that pulmonary artery involvement
by CC may result from the malignant transformation of
trophoblastic cells that migrate during pregnancy?®.

In this article, we present the case of a patient with
a history of molar pregnancy who developed group 4
PH. This is followed by a literature review that aims to
describe the clinical presentation, demographic char-
acteristics, and outcomes of CC as an uncommon
cause of PH group 4.2.

Case report

A 46-year-old Mexican woman presented to the emer-
gency department of the Ignacio Chavez National Insti-
tute of Cardiology with progressive precordial pain
radiating to the left arm and exertional dyspnea over the
past 3 months. Recently, her functional class had dete-
riorated to NYHA class IV, which led her to seek medical
attention. In addition, 2 months ago, she had a single
episode of syncope with complete recovery. She had a
history of 5 pregnancies, 4 deliveries, and a hysterec-
tomy due to a molar pregnancy 4 years before evalua-
tion. As it was performed elsewhere, the surgical report
of hysterectomy and human chorionic gonadotropin hor-
mone (B-HCG) follow-up records were unavailable.

In the emergency room, she was evaluated with an
electrocardiogram that revealed an SIQIITIII pattern
and other signs of right ventricular (RV) systolic over-
load (Fig. 1). Respiratory alkalosis was noted on the
blood gas analysis, and laboratory tests showed an
elevated N-terminal pro-B-type natriuretic peptide
(NT-pro-BNP) level and a normal D-dimer (Table 1).

Table 1. Laboratory values

Parameter - Normal reference m

D-dimer 0.269 0.2-0.56 pg/mL
NT-ProBNP 10,971 5-284 pg/mL
HB 16.6 11.7-16.3 g/dL
HTC 49.2 35.4-49.4 %
MCV 89.6 83.3-100 fL
MCH 30.1 26.8-33.2 pg
LEU 12.6 3.56-10.3 x10%/pL
PLT 295 167-431 x103/uL
pH 1.506 7.35-7.45

pCo, 21.2 31-35 mmHg
p0, 61.7 > 60 mmHg
HCO, 16.6 18-22 mEq/L
Lac 1.5 <15 mmol/L
Anion Gap 15.6 <12 mEq/L
Osm 271.3 275-295 mmol/kg
K* 35 35-5 mEq/L
Na* 135 135-145 mEq/L
Cl- 107 98-107 mEq/L
Ca?* 8.8 8.6-10 mEq/L
INR 1.02 0.8-1.2

Anti-dsDNA 0.1 <20 U/mL
lgG ACL 26 <10 GPL/mL
IgG anti-B2GPI 37 <8 U/mL
PT 12.6 9.2-12.2 seconds
aPTT 28.9 27.8-36.3 seconds

NT-ProBNP: N-terminal pro-B-type natriuretic peptide; HB: hemoglobin;

HTC: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular
hemoglobin; LEU: leukocytes; PLT: platelets; pCO,: partial pressure of carbon
dioxide; p0,: partial pressure of oxygen; Anion Gap: anion gap; Lac: lactate; Osm:
osmolality; INR: international normalized ratio; Anti-dsDNA: anti-double-stranded
DNA antibodies; IlgG ACL: immunoglobulin G anticardiolipin antibodies; IgG
anti-B2GPI: immunoglobulin G anti-beta-2 glycoprotein | antibodies; PT: prothrombin
time; aPTT: Activated partial thromboplastin time.

A transthoracic echocardiogram (TTEC) demonstrated
a slightly dilated right ventricle, hypertrophy of the RV
free wall, and paradoxical septal motion (Fig. 1). A lower
limb ultrasound was also performed, showing no evi-
dence of deep vein thrombosis. A computed tomogra-
phy pulmonary angiogram (CTPA) was performed,
revealing findings consistent with acute-on-chronic
thromboembolism (Fig. 1). Findings included thrombus
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Figure 1. Emergency department electrocardiogram. Sinus rhythm. Dextrorotated and semi-horizontalized showing signs
of right ventricular overload (SIQIIITIII pattern +inverted and asymmetrical T waves) and a prolonged QT interval.

occluding the lumen of the right pulmonary artery with
lobar and segmental extension, absence of opacifica-
tion of arterial branches in the right lung, and a partial
thrombus in the lumen of the left pulmonary artery with
multiple segmental and subsegmental filling defects in
the upper and lower lobes (Fig. 2).

Due to evidence of RV dysfunction on TTEC, ele-
vated NT-pro-BNP, and preserved normotension (sys-
tolic blood pressure > 90 mmHg), the patient was
classified as having intermediate risk pulmonary throm-
boembolism. Heparin therapeutic anticoagulation was
initiated, and she was considered a candidate for pul-
monary endarterectomy (PEA) after right heart cathe-
terization, which confirmed PH with acceptable
upstream resistance and pulmonary vascular resis-
tance for the procedure (Table 2). In the same cathe-
terization, a pulmonary angiography was performed,
revealing complete occlusion of the right pulmonary
artery from its ostium (Supplementary Video 1).

PEA using cardiopulmonary bypass procedure was
performed on both pulmonary arteries up to their seg-
mental branches, and the retrieved thrombus was sent
for analysis. Macroscopically, the thrombus appeared
friable and easily fragmentable. Microscopic examina-
tion revealed malignant cells with large round nuclei
and scant cytoplasm. Immunohistochemical staining
was positive for HCG, consistent with CC (Fig. 3). Due
to logistical issues, it was not possible to perform addi-
tional immunohistochemical markers to differentiate
between primary and metastatic CC. However, based

on the history of molar pregnancy and the cellular mor-
phology, it is highly likely that this was a case of ges-
tational CC. The patient died intraoperatively due to
profuse airway bleeding and failure to wean off extra-
corporeal circulation.

Materials and methods

A literature search was conducted in Medline in June
2025 using the following keywords: “pulmonary embo-
lism AND choriocarcinoma,” applying the filter for “case
reports” and without time restrictions. For the case
report, the 2024 CARE guidelines and checklist for
case reports were utilized.

Results

A total of 50 cases were identified. These were fur-
ther screened using the following inclusion criteria: (1) A
hemodynamic diagnosis of PH (either 1.1 defined as a
mPAP > 20 mmHg confirmed by right heart catheter-
ization, or 1.2 a high probability of PH based on echo-
cardiographic findings); (2) Imaging evidence of
pulmonary embolism; and (3) Histological confirmation
of the obstructing agent as CC. After applying these
criteria, six cases were selected. Including the present
case, a total of seven cases were analyzed and are
summarized in table 2.

The average age was 32.7 (21-47) years, and all
patients had a history of at least one pregnancy.
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Figure 2. Computed tomography angiogram and transthoracic echocardiogram. A: axial section at the level of the
pulmonary artery bifurcation in vascular window, demonstrates a thrombus completely occluding the lumen of the right
pulmonary artery (asterisk), extending into the lobar and segmental branches. There is no opacification of the arterial
branches within the ipsilateral lung (circle). Additionally, a partial thrombus is observed within the lumen of the left
pulmonary artery (star). B: axial section at the level of the pulmonary artery bifurcation in lung parenchymal window,
reveals a mosaic perfusion pattern on the left side (arrows), a finding suggestive of acute-on-chronic thromboembolism.
The echocardiogram demonstrated evidence of right ventricular (RV) systolic dysfunction, a reduced fractional area
change (FAC% = 27.7%), as well as dilatation and hypertrophy of the RV. C: subcostal four-chamber view, showing
hypertrophy of the RV free wall measuring 7 mm. D: apical four-chamber view demonstrating, an RV/LV ratio of 1.43.
E: M-mode in apical four-chamber view demonstrating, TAPSE of 16 mm. TAPSE: tricuspid annular plane systolic
excursion; RV: right ventricle; LV: left ventricle; RA: right atrium; LA: left atrium.

However, only our patient had a history of molar preg-
nancy. mPAP showed a wide range from 24 to
105 mmHg. In most cases, B-hCG levels were elevated.
The most common symptoms were dyspnea (6/7) and
chest pain (5/7). Constitutional symptoms were also
reported, including fever (2/7) and night sweats (1/7).
Only one patient presented with gynecologic symp-
toms, specifically vaginal bleeding. The average latency
period between the last pregnancy and the onset of
symptoms was 21 (2-36) months.

Discussion

The origin of CC as a neoplastic embolus is unclear,
and it may be either primary or metastatic (often ges-
tational in origin). Trophoblasts have been identified
in the pulmonary arteries during autopsies of patients
who died after childbirth or abortion. It is hypothe-
sized that pulmonary artery CC may arise from
malignant transformation of these trophoblasts over
time$.

Regarding the presumptive diagnoses before confir-
mation, 5 of the 7 cases were initially misdiagnosed as
pulmonary thromboembolism. Of the patients who
received chemotherapy, (2/7) both survived. In con-
trast, all patients who underwent alternative treatments
(including PEA) died.

In another literature review on pulmonary embolism
due to CC, 10 out of 11 cases had a history of abortion,
with a latency period of 24-72 months between the
pregnancy and symptom onset, and no identifiable uter-
ine primary tumor®8, This is consistent with the findings
of our review.
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Figure 3. Histological sections of the thrombus. A: micrograph of an embolus extracted from the pulmonary artery
hematoxylin and eosin (H&E) x 20, showing a malignant neoplasm composed of cells with large, round nuclei and scant
cytoplasm, arranged in a solid histological pattern forming irregular projections. Thrombi accompanying the neoplasm
are observed (asterisk). B: micrograph using immunohistochemistry with the human chorionic gonadotropin hormone
(HGC) marker x 20, showing dark brown positive staining in malignant neoplastic cells, while the thrombus (star) is
negative. C: higher magnification micrograph of the malignant neoplasm H&E x 40, showing cells with large, round
nuclei and multiple nucleoli. In this field, three atypical mitoses (arrows).

As previously noted, the most frequent symp-
toms-dyspnea and chest pain-are nonspecific and can
lead to misdiagnosis. Dyspnea and chest pain are typ-
ically attributable to pulmonary embolism, whereas syn-
cope, which is strongly associated with PH?7, was
observed only in the present case.

One of the most common initial presumptive diagno-
ses in pulmonary artery embolism due to CC was pul-
monary thromboembolism, which in chronic form can
cause group 4 PH, also known as CTEPH. Diagnosing
CTEPH is complex, and current exclusion algorithms
lack specificity>8. According to the European Society
of Cardiology guidelines, diagnosis should be based on
findings obtained after at least 3 months of effective
anticoagulation. These include a mPAP = 20 mmHg,
a pulmonary artery wedge pressure < 15 mmHg, and
the presence of vascular lesions identified via CTPA,
or magnetic resonance imaging"?°. Furthermore, pul-
monary angiography may reveal findings such as pouch
defects, bands, webs, and occlusions, which are indic-
ative of CTEPH'™,

PEA remains the treatment of choice for patients with
operable CTEPH'%-2, This procedure involves the sur-
gical removal of obstructive fibrotic tissue from the pul-
monary arteries’>. The benefits of this intervention
include the potential cure of CTEPH, improved survival,
better quality of life, and long-term functional class'®'".
The restoration of pulmonary hemodynamics occurs in
68.8-91.8% of the cases'?. However, some of the

complications include reperfusion pulmonary edema,
persistent PH after procedure, and, in severe cases,
pulmonary hemorrhage'®-*2,

Despite its aggressive nature, CC responds well to
chemotherapy*6. One case report described a patient
with pulmonary embolism secondary to gestational CC
who had a favorable clinical outcome following chemo-
therapy. In that case, the diagnostic process began
after identifying a history of medical abortion and
incomplete follow-up of B-hCG levels. Further diagnos-
tic workup revealed increased uptake in the pulmonary
arteries on positron emission tomography (PET) scan,
and a pelvic ultrasound showed findings consistent with
uterine CC5.

In the present case, the initial diagnosis was CTEPH,
for which the patient underwent PEA. However, the
diagnosis of pulmonary embolism due to CC -which
was causing the PH-was not established until the his-
topathological analysis of the neoplastic embolus.
During the diagnostic workup, a PET-computed tomog-
raphy scan could have been beneficial given the favor-
able uptake of CC on this imaging modality.

Conclusion

Pulmonary artery embolization due to CC is a rare
but potentially fatal condition that can lead to Group 4.2
PH as a result of intraluminal arterial obstruction. This
etiology should be considered in the differential
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diagnosis of CTEPH. Before pursuing PEA, we suggest
including serum B-hCG level assessment in the diag-
nostic workup for patients with CTEPH and compatible
clinical background. Particularly in women with relevant
risk factors such as a history of abortion or, notably,
molar pregnancy. In the present case, earlier recogni-
tion of CC might have significantly altered the clinical
course, given the tumor’s well-documented sensitivity
to chemotherapy.

Further research is needed to improve our under-
standing of the pathophysiological mechanisms, latency
period, and risk factors associated with CC-related PH,
with the ultimate goal of enhancing early recognition
and guiding optimal management strategies.

Acknowledgments

We would like to express our sincere gratitude to the
department of clinical archives and informatics for their
assistance in facilitating access to the patient’s imaging
studies. Our sincere thanks also go to the medical staff
on the eighth-floor hospital ward at the Ignacio Chéavez
National Institute of Cardiology for their invaluable guid-
ance and support throughout the course of this work.

Funding

This research has not received any specific grant from
public, commercial, or not-for-profit funding agencies.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical considerations

Protection of humans and animals. The authors
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical
approval. The authors have obtained approval from the
Ethics Committee for the analysis of routinely collected
and anonymized clinical data; therefore, individual
informed consent was not required. Relevant ethical
recommendations have been followed.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing or creation of the content
of this manuscript.

Supplementary data

Supplementary data is available at DOI: 10.24875/
ACM.25000142. This data is provided by the corre-
sponding author and is published online for the benefit
of the reader. The content of the supplementary data
is the sole responsibility of the authors.

References

1. Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RM, Brida M,
et al. 2022 ESC/ERS guidelines for the diagnosis and treatment of pul-
monary hypertension. Eur Heart J. 2022;43:3618-731.

2. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ,
Harjola VP, et al. 2019 ESC guidelines for the diagnosis and manage-
ment of acute pulmonary embolism developed in collaboration with the
European respiratory society (ERS). Eur Heart J. 2020;41:543-603.

3. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA,
Krowka M, et al. Haemodynamic definitions and updated clinical classi-
fication of pulmonary hypertension. Eur Respir J. 2019;53:1801913.

4. Bogani G, Ray-Coquard I, Mutch D, Vergote |, Ramirez PT, Prat J, et al.
Gestational choriocarcinoma. Int J Gynecol Cancer. 2023;33:1504-14.

5. Wang P, Ren D, Guo C, Ding X, Cao Y, Zhao P, et al. A rare case of
pulmonary artery embolism with choriocarcinoma: a case report and
literature review. Oncol Lett. 2023;26:490.

6. Yan Z, Meining Y, Luyao M, Hai X, Li FR. Choriocarcinoma-associated
pulmonary thromboembolism and pulmonary hypertension: a case report.
J Biomed Res. 2016;30:243-7.

7. Pepke-Zaba J, Jansa P, Kim NH, Naeije R, Simonneau G. Chronic
thromboembolic pulmonary hypertension: role of medical therapy. Eur
Respir J. 2013;41:985-90.

8. Klok FA, Dzikowska-Diduch O, Kostrubiec M, Viiegen HW, Pruszczyk P,
HasenfuB G, et al. Derivation of a clinical prediction score for chronic
thromboembolic pulmonary hypertension after acute pulmonary embo-
lism. J Thromb Haemost. 2016;14:121-8.

9. Lang IM, Campean IA, Sadushi-Kolici R, Badr-Eslam R, Gerges C, Sko-
ro-Sajer N. Chronic thromboembolic disease and chronic thromboembo-
lic pulmonary hypertension. Clin Chest Med. 2021;42:81-90.

10. Yang J, Madani MM, Mahmud E, Kim NH. Evaluation and management of
chronic thromboembolic pulmonary hypertension. Chest. 2023;164:490-502.

11. Goldberg JB, Giri J, Kobayashi T, Ruel M, Mittnacht AJ, Rivera-Lebron B,
et al. Surgical management and mechanical circulatory support in high-
risk pulmonary embolisms: historical context, current status, and future
directions: a scientific statement from the American heart association.
Circulation. 2023;147:6628-47.

12. Mangukia C, Rali P, Desai P, Ku TS, Brann S, Patel S, et al. Pulmonary
endarterectomy. Indian J Thorac Cardiovasc Surg. 2021;37:662-72.

13. Yutani C, Imakita M, Ishibashi-Ueda H, Katsuragi M, Yoshioka T,
Kunieda T. Pulmonary hypertension due to tumor emboli: a report of three
autopsy cases with morphological correlations to radiological findings.
Acta Pathol Jpn. 1993;43:135-41.

14. Triibenbach J, Pereira PL, Huppert PE, Farnsworth C, Mayer R, Feine U,
et al. Primary choriocarcinoma of the pulmonary artery mimicking pulmo-
nary embolism. Br J Radiol. 1997;70:843-5.

15. Skride A, Sablinskis K, Klepetko W, Lang I. Choriocarcinoma mimicking
chronic thromboembolic pulmonary hypertension. Eur Heart J. 2016;37:1480.

16. Yang M, Peng L. Role of chemotherapy and thrombolysis in treatment of
choriocarcinoma accompanied with pulmonary embolism: a case report
with literature review. Medicine (Baltimore). 2017;96:7866.



Archivos
de Cardiologia
de México PERMANYER ’ M) Check for updates

CARTA CIENTIFICA

Vasoespasmo coronario multivaso y muerte subita:
beneficios de la simpatectomia izquierda en el tratamiento
refractario

Multivessel coronary vasospasm and sudden cardiac death: benefits of left
sympathectomy in refractory treatment

Pablo Vadillo-Martin'*, Elena Alarcia-Salas’, Ainhoa Pérez-Guerrero', Angela Juez-Jiménez',
Isabel Gutiérrez-Cia® y José R. Ruiz-Arroyo’
'Servicio de Cardiologia; 2Servicio de Medicina Intensiva. Hospital Clinico Universitario Lozano Blesa, Zaragoza, Espaia

El vasoespasmo coronario refractario a tratamiento
médico es una condicién clinica poco frecuente, pero
potencialmente mortal, cuyo manejo supone un desafio.
Presentamos el caso de un paciente que sufrié dos epi-
sodios de muerte subita atribuibles a vasoespasmo coro-
nario resistente a la terapia médica convencional, tratado
con éxito mediante bloqueo percutaneo del ganglio estre-
llado izquierdo y simpatectomia tordcica izquierda.

Se trata de un varon de 40 afos, con diagndstico
previo de angina vasoespastica (Figs. 1 A y B), bajo
tratamiento médico ambulatorio con vasodilatadores
coronarios (parche transdérmico de nitroglicerina
10 mg/24 h y amlodipino 10 mg/24 h), que ingres¢ debido
a un episodio sincopal precedido de dolor toracico. Se
decidié reevaluar la anatomia coronaria mediante un
estudio angiografico invasivo, que no mostrd lesiones
en las arterias coronarias epicardicas. Sin embargo,
durante el procedimiento el paciente presentd un epi-
sodio de vasoespasmo multivaso que cedid con nitro-
glicerina intracoronaria (Figs. 1 C y D).

Durante la segunda noche de ingreso hospitalario, el
paciente sufrié un paro cardiorrespiratorio, alternando
ritmos desfibrilables y no desfibrilables, con registro ini-
cial de elevacion del segmento ST. Se iniciaron manio-
bras de reanimacion cardiopulmonar avanzada durante
un total de 30 minutos, logrando la recuperacion del
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E-mail: pablovadillomartin @ gmail.com

Fecha de recepcién: 30-11-2024
Fecha de aceptacion: 27-07-2025
DOI: 10.24875/ACM.24000224

pulso y el ritmo cardiaco, con un electrocardiograma de
salida sin elevacion del segmento ST.

Tras ello, el paciente mostrd una evolucion favorable,
tanto cardiovascular como neuroldgica. Se optimizo el
tratamiento vasodilatador coronario mediante la admi-
nistracion de una triple terapia consistente en parche
de nitrato, diltiazem y amlodipino, sin presentar recu-
rrencia de episodios de dolor tordcico ni arritmicos
durante 7 dias. Dada la estabilidad clinica, se decidid
realizar el implante de un desfibrilador monocameral
en prevencion secundaria.

En la octava noche de estancia hospitalaria, pre-
sentd un nuevo episodio de paro cardiorrespiratorio en
ritmo no desfibrilable (actividad eléctrica sin pulso)
(Fig. 1), sin objetivar intervencién del desfibrilador, que
se logro revertir tras 10 minutos de maniobras de rea-
nimacion cardiopulmonar avanzada.

Ante la refractariedad al tratamiento convencional
con triple terapia, se opté inicialmente por realizar un
bloqueo percutdneo temporal del ganglio estrellado
izquierdo guiado por ecografia, utilizando lidocaina.
Junto a ello, y debido a la complejidad de la situacion,
se decidié realizar un procedimiento definitivo con sim-
patectomia tordcica, limitandose al lado izquierdo
(Fig. 1G) por la presencia de importantes adherencias
en el lado derecho (Fig. 1).
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Figura 1. A y B: electrocardiograma del paciente que muestra cambios durante los episodios anginosos y después de
su resolucién. C y D: vasoespasmo coronario multivaso observado durante la angiografia coronaria. E: ritmo no
desfibrilable con actividad eléctrica sin pulso y elevacion de segmento ST en las derivaciones inferiores. F: adherencias
toracicas en el hemitdrax derecho que impidieron realizar una simpatectomia toracica derecha. G: simpatectomia

toracica izquierda realizada a nivel de C5-T4.

El paciente tuvo una buena evolucion y fue dado de alta
bajo tratamiento con triple terapia vasodilatadora. Durante
el seguimiento inicial de 6 meses, no presentd recurrencia
de dolor toracico anginoso ni eventos arritmicos.

Para el presente reporte, se ha autoevaluado la
adherencia a la guia internacional de calidad CARE y
se cumplen todos los puntos.

Presentamos un caso inusual de vasoespasmo coro-
nario multivaso refractario a tratamiento médico con
triple terapia optimizada, que se complicé con dos epi-
sodios de muerte subita sin intervencion del desfibrila-
dor y requiri6 manejo invasivo mediante bloqueo
temporal percutaneo del ganglio estrellado y simpatec-
tomia toracica izquierda.

Desde el punto de vista terapéutico, hay dos decisio-
nes clinicas de especial relevancia que merecen ser
discutidas. En primer lugar, la indicacion de implante de

un desfibrilador automatico en pacientes con vasoes-
pasmo coronario sigue siendo motivo de controversia.
Aunque estos dispositivos han demostrado beneficio
en la prevencion secundaria de la muerte subita de
otras etiologias, su utilidad en el contexto de vasoes-
pasmo refractario no esta claramente establecida, en
especial cuando los eventos no son en ritmo desfibri-
lable, como ocurri6 en este caso. En segundo lugar, el
uso de estrategias de modulacién autonémica, como
el bloqueo del ganglio estrellado o la simpatectomia
toracica, representa una alternativa terapéutica poco
habitual, pero potencialmente eficaz en casos extre-
mos. Si bien la evidencia disponible ain es limitada,
nuestra experiencia sugiere que podrian considerarse
en situaciones de recurrencia a pesar de tratamiento
médico Optimo, en particular cuando existen elementos
que apuntan a una hiperactividad simpatica como factor
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desencadenante. Ambas decisiones deben ser indivi-
dualizadas, teniendo en cuenta el perfil clinico del
paciente, la gravedad de los episodios y la ausencia de
opciones convencionales efectivas.

En el tratamiento del vasoespasmo coronario, la
nitroglicerina y los bloqueadores de los canales del
calcio son fundamentales; la falta de respuesta a dosis
clinicamente adecuadas define el fracaso'.

Histdricamente, el aumento del tono simpatico se ha
relacionado con el espasmo coronario refractario®. La
afectacion de las tres arterias coronarias puede llevar a
episodios de muerte subita con ritmos cardiacos tanto
desfibrilables como no desfibrilables. Aunque los desfi-
briladores automaticos implantables han demostrado
eficacia en la prevencion secundaria de la muerte subita,
su beneficio en los pacientes con vasoespasmo corona-
rio refractario y muerte subita sigue siendo incierto®.

La regulacion autonémica de la funcion cardiaca es
un proceso complejo que abarca multiples niveles de
control sobre la actividad eléctrica y mecanica del mio-
cardio. El sistema nervioso auténomo modula no solo
la frecuencia y la contractilidad cardiaca, sino también
la repolarizacion ventricular, la automaticidad y la esta-
bilidad eléctrica del corazdn, de modo que su desregu-
lacion puede favorecer eventos isquémicos y arritmogénicos
incluso en ausencia de enfermedad estructural. En este
contexto, los ganglios simpaticos cervicales inferiores y
torcicos superiores tienen un papel central en la iner-
vacion simpatica del corazon y las arterias coronarias.
Més alla del control vasomotor, estos ganglios influyen
en la excitabilidad miocardica, aspecto especialmente
critico en canalopatias como el sindrome de QT largo,
el sindrome de Brugada o la taquicardia ventricular
catecolaminérgica polimdrfica, en los que la hiperacti-
vidad simpatica puede precipitar arritmias potencial-
mente letales.

Por ello, el bloqueo del ganglio estrellado y la sim-
patectomia se han propuesto como métodos para tratar
la hiperactivacion alfa-adrenérgica en casos de vasoes-
pasmo coronario refractario al tratamiento médico,
incluyendo situaciones de muerte subita con actividad
eléctrica sin pulso®.

En el caso que describimos se realizd inicialmente un
bloqueo temporal del ganglio estrellado izquierdo con
lidocaina. Sin embargo, dado que el efecto de esta inter-
vencion es temporal (2-3 semanas), se decidid proceder
con una simpatectomia toracica izquierda, lo que resultd

en la resolucion completa de los sintomas y en la pre-
vencion de la recurrencia de angina y arritmias durante
el seguimiento.

Este caso destaca la potencial eficacia de la simpa-
tectomia toracica izquierda como una opcidn terapéu-
tica valiosa para pacientes con vasoespasmo coronario
refractario al tratamiento médico, especialmente en
pacientes que experimentan episodios recurrentes de
muerte subita sin respuesta al desfibrilador automatico
implantable.
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SCIENTIFIC LETTER

Straddling of the mitral valve in the set of situs solitus in
dextrocardia with atrio-ventricular connection discordance
and double-outlet right-ventricle: a rare case report
Straddling de la valvula mitral en el contexto de situs solitus en dextrocardia con

conexion atrio-ventricular discordante y doble via de salida del ventriculo derecho:
un raro reporte de caso

Ana R. Barreno-Mendoza, José L. Colin-Ortiz*, and Jorge A. Silva-Estrada
Department of Pediatric Cardiology, National Institute of Pediatrics, Mexico City, Mexico
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A 3-year-old male with cyanosis and a heart murmur
since birth. Class | of Ross. Physical examination:
Sa0, 72%, cyanosis ++, ejective heart murmur on high
parasternal right border lll/VI, normal pulses, digital
clubbing ++4+; chest plain: cardiothoracic ratio 0.51, situs
solitus with dextrocardia, and decreased pulmonary
flow (Fig. 1A); electrocardiogram: sinusal rhythm with
biatrial growth and biventricular hypertrophy; transtho-
racic echocardiogram: situs solitus, dextrocardia with
dextroapex, double superior vena cava (left superior
vena cava drains into coronary sinus), ostium secundum
15 mm atrial septal defect with bidirectional shunt, pul-
monary venous return to the left atrium, discordant atrio-
ventricular (AV) connection, right straddling of AV valve
(mitral) with light-moderate regurgitation, ventricular
septal defect (VSD) of 17 x 16 mm (Figs. 1B and C),
double outlet right ventricle (DORV) with right ventricle
(RV) spatially at the left side (aorta anterior with pulmo-
nary artery posterior with severe mixed pulmonary ste-
nosis with maximum gradient of 62 mmHg, confluent
pulmonary branches with normal size, left aortic arch
without obstruction and normal biventricular function.

The catheterization procedure was in the same line
as the echocardiogram with infundibular pulmonary
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stenosis (Fig. 2) and a peak-to-peak gradient of
68 mmHg. The end-diastolic pressure of both ventricles
is 15 mmHg, pulmonary arteriolar vascular resistance
is 2.62 UW, the Nakata Index is 475, and the McGoon
Index is 2.52 and double superior vena cava without
innominate vein.

As management, the cardiology team offered bidirec-
tional cavo-pulmonary shunt; however, the procedure has
not been carried out at the moment, because of socio-
cultural issues by the parents.

The straddling of AV valves has usually been described
either in hearts in which they connect the morphologic
right atrium to both the right and left ventricles, with the
ventricles normally related, or in which they connect the
left atrium to both normally related ventricles'. More
rarely, the tricuspid valve may straddle a septum between
a larger right-sided chamber of left ventricular morphol-
ogy and a left-sided smaller chamber of right ventricular
morphology'. However, a right-sided AV (mitral) valve
straddling a septum in the setting of AV discordance is
exceedingly rare'.

Thus, straddling of the mitral valve (SMV) is a mal-
formation that is invariably associated with a VSD and
frequently with conotruncal anomalies®*. The etiology
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Figure 1. A: chest fluoroscopy: situs solitus in dextrocardia. B and C: transthoracic echocardiogram (apical 4-cambers
view): straddling (arrow) of right AV valve (mitral) and anatomical right ventricle (RV) at the left side (dropped trabeculation

and moderated band).

Figure 2. Anatomical right ventriculography: from the right ventricle both vases emerged (aorta anterior and pulmonary
artery posterior with subpulmonary stenosis [arrow]). A: postero-anterior projection, B: left lateral projection, C: right
anterior oblique (RAQ) 45° + cranial 25° (4-cambers projection for dextrocardia).

and morphogenesis of SMV remain incompletely under-
stood, but its anatomic features have been well described
based on autopsy material’>. These reports indicate
that the mitral valve (MV) straddles the anterior aspect
of the septum through a conoventricular-type VSD
malalignment. In addition, they show that the most com-
mon associated conotruncal anomaly is DORYV, followed
by ventriculo-arterial discordance or transposition of the
great arteries. They also highlighted that left and right
ventricular size varies considerably'®. However, because
of its rare occurrence, most published reports on SMV
are based on a relatively small number of cases, and no
consistent anatomic classification has been proposed.

The morphologic and functional features of SMV in
living patients have not been described in detail, and few
reports have addressed the echocardiographic features
of SMV®7. Moreover, information on midterm outcomes
and pre-operative echocardiographic features predictive
of mortality is scarce. Only a few surgical reports have
included patients with SMV®9, Thus, the spectrum of
echocardiographic findings and the optimal surgical
management of patients with SMV are still unclear.
Fraisse et al.’ proposed SMV classification based on
echocardiographic findings in a study of 46 patients, who
reported their midterm clinical outcome, and identified
pre-operative variables predictive of mortality.
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Patients in situs solitus with dextrocardia may have con-
cordance AV connection in 48.3% and discordance AV
connection in 43.3%. However, only 13% of the patients
in the latter group have been reported to have DORV7.

In isolation, SMV is a rare malformation and much
rarer in association with complex congenital heart dis-
ease, such as AV connection discordance; but has
never been reported in association with DORV in the
set of situs solitus in dextrocardia.

We report a rare case of SMV in a patient where the
MV does not override the interventricular septum; rather
the mitral subvalvular apparatus is clearly straddled.
This case demonstrates that overriding and straddling
are independent conditions that may or may not be
associated.

Thus, it is very important to make the anatomical
differential diagnosis principally with double-inlet RV; in
this last situation, the AV annulus is overriding more of
the 50% over the ventricular septum. Since in both
pathologies the mitral and tricuspid subvalvular appa-
ratus are located within the anatomical RV.

In the study of Becker et al.," four pathological spec-
imens were presented. Two of them presented similar
morphological characteristics to our case. However, in
their description, all cases were reported apparently in
levocardia, but they did not commenting something
about this situation. In the paper, an angiography of the
first case was shown, where the heart in levocardia can
be appreciated.

In another study of 125 patients with dextrocardia (Garg
et al.'%), situs solitus was found in only 43 patients. Of
these, only 18 cases had AV connection discordance, out
of which only 2 had DORV. However, they did not describe
any case of straddling of the AV valve in the two patients.

In the present case, the most viable option of treat-
ment is the univentricular physiology, and this is the
management option preferable for our patient. Unfortu-
nately, however, the parents have not accepted any
type of surgery at the moment. In our country, it is
common for parents to refuse to subject their children
to heart surgery because of the risks of the surgery.

Finally, we report a very rare case of SMV in the set
of situs solitus in dextrocardia with AV connection dis-
cordance and DORV with pulmonary stenosis. To our
knowledge, a similar case has not been reported, thus
making this report a very interesting one.
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Levomorfismo atrial, ventriculo unico con asa izquierda
y trastornos de la conduccion

Left atrial isomerism, L-looped single ventricle and conduction disorders

Diana |. Katekaru-Tokeshi', Karen P. Alvitres-Oré’, Alberto A. Gélvez-Valverde?,
Moisés Jiménez-Santos®* y Eric Kimura-Hayama®+*

'Servicio de Cardiologia, Hospital Nacional Dos de Mayo, Lima, Perd; ?Departamento de Electrofisiologia, Instituto Nacional de Cardiologia Ignacio
Chévez, Ciudad de Meéxico, México; *Departamento de Radiologia, Servicio de Tomografia, Instituto Nacional de Cardiologia Ignacio Chadvez,
Ciudad de México, México; *CT Scanner Lomas Altas, Ciudad de México, México

Presentacion del caso

Mujer de 31 afos con antecedente de cardiopatia
congénita no corregida diagnosticada al mes de edad,
con seguimiento irregular en otra institucién, que ingresé
a emergencias por disnea a pequefios esfuerzos.

En la exploracion fisica presentd frecuencia cardiaca
de 40 latidos por minuto, frecuencia respiratoria de 24
respiraciones por minuto, presion arterial de 100/60 mmHg, s onieulo
saturacién de oxigeno del 75% y cianosis perioral. En la £ ""’""'3'3““"\@? L T
auscultacion cardiaca destacaron un segundo ruido ' : ; =
aumentado y un soplo holosistdlico 1I/VI en el cuarto espa-
cio intercostal izquierdo.

En el electrocardiograma se observd bloqueo auri-
culoventricular (BAV) completo con actividad ventricu-

Misculo :

papilar ~ "%

lar de 43 latidos por minuto, y ritmo auricular ectopico
con frecuencia de 136 latidos por minuto (Fig. 1).

El ecocardiograma transtoracico revelé que ambas
auriculas se conectaban a un ventriculo morfoldgico
izquierdo localizado a la derecha, que se comunicaba
a través de un defecto ventricular de entrada pequefa
con un ventriculo rudimentario (Fig. 1). La valvula
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Figura 1. A: el electrocardiograma evidencia bloqueo
auriculoventricular completo con ritmo auricular ectépico.
B y C: el ecocardiograma transtoracico demuestra que
ambas auriculas llegan a un ventriculo dominante de
morfologia izquierda localizado a la derecha, que a través de
una comunicacion interventricular (CIV) pequefia se conecta
a un ventriculo rudimentario. La valvula auriculoventricular
izquierda esta engrosada y tiene insuficiencia grave.

Disponible en internet: 26-02-2026
Arch Cardiol Mex. 2026;96(1):75-77
www.archivoscardiologia.com

1405-9940 / © 2025 Instituto Nacional de Cardiologia Ignacio Chavez. Publicado por Permanyer. Este es un articulo open access bajo la licencia

CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

75


http://crossmark.crossref.org/dialog/?doi=10.24875/ACM.24000225&domain=pdf
mailto:erickimura01%40gmail.com?subject=
http://dx.doi.org/10.24875/ACM.24000225
http://creativecommons.org/licenses/by-nc-nd/4.0/

76

Arch Cardiol Mex. 2026;96(1)

Figura 2. A: tomografia de térax sin contraste que demuestra el situs solitus bronquial. B: resonancia magnética
cardiaca. Ambas auriculas tenian orejuelas digitiformes que indican levoisomerismo atrial. C: vena cava inferior (VCI);
D: ventriculo morfoldgico izquierdo (VI) dominante que se conecta con un ventriculo rudimentario (asterisco) a través
de una comunicacion interventricular (CIV), conexion ventriculoarterial discordante, con relacion lado a lado entre la
aorta (Ao) y la arteria pulmonar (AP). E y F: discordancia ventriculoarterial. G: dilatacion grave del tronco de la arteria
pulmonar (TAP) y sus ramas. Al: auricula izquierda; Ol: orejuela izquierda; RPD: rama pulmonar derecha;

RPI: rama pulmonar izquierda.

auriculoventricular izquierda estaba engrosada y tenia
insuficiencia grave (Fig. 1). La fraccion de eyeccion del
ventriculo izquierdo fue del 69%.

En la tomografia de térax sin contraste se evidencid
situs solitus bronquial, y el bronquio derecho tenia una
bifurcacion proximal y era mas corto con respecto al
bronquio izquierdo con bifurcacion distal (Fig. 2).

La paciente era alérgica al contraste yodado, por lo que
se solicitd una resonancia magnética cardiaca, que
demostré levoisomerismo atrial debido a la presencia de
orejuelas digitiformes en ambos lados (Fig. 2), y permitié
descartar una interrupcién de la vena cava inferior (Figs. 2
C y D). Ademas, confirm6 la presencia de un ventriculo
rudimentario de morfologia derecha en posicion izquierda
(Figs. 2 D y E) con un ventriculo morfolégicamente
izquierdo dominante, con discordancia ventriculoarterial y
comunicacion interventricular (Figs. 2 D y E). También se
observd una dilatacién masiva de la arteria pulmonar

compatible con hipertension pulmonar grave (Figs. 2 F
y G).

La paciente rechazo procedimientos invasivos, como
cateterismo cardiaco derecho o implante de marcapa-
sos. Comenzo tratamiento con sildenafilo y ha sido
seguida de forma ambulatoria en el servicio de cardio-
logia de nuestro hospital.

Discusion

Las cardiopatias congénitas asociadas a BAV son la
transposicion de grandes arterias congénitamente corre-
gida, los defectos septales auriculoventriculares, el sin-
drome de heterotaxia con isomerismo atrial izquierdo y
el ventriculo Unico con asa izquierda'2.

Curiosamente, nuestra paciente presentd tanto levoi-
somerismo atrial como ventriculo funcionalmente uUnico
con asa cardiaca izquierda, que pueden explicar el BAV.



El levoisomerismo atrial se define como la presencia
de dos auriculas morfoldgicas izquierdas con apéndi-
ces digitiformes, y suele formar parte del sindrome de
heterotaxia con poliesplenia®. Sin embargo, el caso
que presentamos es inusual, ya que nuestra paciente
no tenia compromiso del bazo ni interrupcién de la
vena cava inferior, e interesantemente existia una
disarmonia con el situs solitus bronquial y abdominal.

El sistema de conduccién eléctrico en los pacientes
con levoisomerismo atrial esta malformado. El nodo
sinusal puede estar ausente, ectopico o hipoplasico, y
el nodo auriculoventricular es anormal. Ademas, una
comunicacion interventricular puede predisponer a un
dafio del sistema auriculoventricular con el tiempo,
como un BAV completod.

El ventriculo en asa izquierda ocurre cuando el tubo
cardiaco primitivo gira hacia la izquierda en lugar de
hacia la derecha (asa derecha) como es habitual. Este
giro anormal hace que el ventriculo anatémicamente
izquierdo se sitlie a la derecha y el ventriculo morfolo-
gico derecho se localice a la izquierda*.

En los ventriculos en asa izquierda existen dos nodos
auriculoventriculares, uno posterior hipoplasico y otro
anterior que da lugar a un haz de His anormalmente
situado con una via de conduccién alargada, hacién-
dolo mas susceptible a la fibrosis y al trauma, y en
consecuencia al desarrollo de BAV completo®.

Por lo tanto, en un paciente adulto joven con cardio-
patia congénita y BAV completo, el levoisomerismo
atrial y el ventriculo Unico en asa izquierda deben con-
siderarse en el enfoque diagndstico y terapéutico.

Conclusiones

Presentamos un caso infrecuente de levoisomerismo
atrial que es disarmdnico con situs solitus bronquial y
abdominal, ventriculo funcionalmente Unico con asa
izquierda y BAV completo. Este caso refuerza la impor-
tancia de correlacionar e interpretar los hallazgos clinicos,
electrocardiograficos y de imagen en los pacientes con
una cardiopatia congénita compleja.

D.l. Katekaru-Tokeshi et al. Levomorfismo atrial
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IMAGE IN CARDIOLOGY

Silent giant: 80 mm pulmonary artery aneurysm
Un gigante silencioso: aneurisma de arteria pulmonar de 80 mm

Ma. Gabriela Matta’*®, Jeremy Hefford', Vinicius Carraro do Nascimento?®, Jacques Olivier?,
Mohamed N. Essack’, Rowena Solayar', and lan Agahari'
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An 84-year-old male with chronic myelodysplastic
syndrome on low-dose prednisolone and hypertension
presented with methicillin-resistant Staphylococcus
aureus native tricuspid valve endocarditis. Initial evalu-
ation included a chest X-ray showing hilar enlargement,
prompting further imaging (Fig. 1). A computed tomog-
raphy showed a giant pulmonary artery aneurysm
(PAA) measuring 80 mm (Fig. 2). Upon review of prior
imaging, it was found that this aneurysm remained sta-
ble since its incidental discovery, 3 years earlier, during
evaluation for atypical chest pain (Fig. 3). At that time,
transthoracic echocardiography (TTE) demonstrated
mild right ventricular dysfunction, severe pulmonary
regurgitation, and an estimated right ventricular systolic
pressure (RVSP) of 71.6 mmHg. Unfortunately, the
patient was lost to follow-up, and no further investiga-
tions were pursued to clarify the aneurysm’s etiology.

During the current admission, repeat TTE demon-
strated stable findings, including mild biventricular dys-
function, RVSP of 61 mmHg, severe pulmonary
regurgitation, and a new tricuspid valve vegetation (0.5
x 0.6 cm) with moderate tricuspid regurgitation (Fig. 4).
In the context of a myelodysplastic syndrome with poor
prognostic features, further diagnostic workup was not
undertaken. Surgical intervention was deemed too
high-risk due to the patient’s frailty and multiple comor-
bidities. He was discharged on intravenous antibiotic
therapy, with conservative monitoring of the aneurysm
and a palliative approach for his hematologic disease.
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PAA is typically defined as a dilation exceeding
1.5 times the upper limit of normal’. It is a rare and often
asymptomatic condition that can result from various
causes, including congenital heart disease, syphilis,
atherosclerosis, trauma, pulmonary hypertension, or, in
some cases, idiopathic mechanisms?. In idiopathic
cases, proposed theories include congenital weakness
of the pulmonary artery wall, abnormal embryologic
development of the truncus arteriosus, or cystic medial
degeneration?. In our case, the long-term stability of the
aneurysm, together with the absence of compressive
symptoms or rupture, supports an idiopathic origin.

Idiopathic PAA is generally considered a benign con-
dition, with most patients surviving into their sixth or
seventh decade.® However, progressive enlargement
may occur, leading to complications such as rupture,
dissection, or compression of adjacent structures®.
Reported mechanisms of sudden death include com-
pression of the left main coronary artery, pulmonary
artery rupture, or dissection resulting in cardiac tampon-
ade®. In our case, the aneurysm did not compromise the
coronary arteries, as demonstrated in figure 2D and E.

Regular follow-up is recommended to monitor for
aneurysm progression and the development or wors-
ening of pulmonary regurgitation®. Although surgical
intervention is generally considered for aneurysms
exceeding 5.5 cm in diameter, our case highlights the
potential for long-term stability in large idiopathic PAAs
in the absence of symptoms or complications*.
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Figure 1. A and B: frontal and lateral chest radiographs demonstrate significant bilateral hilar enlargement, more
prominent on the left (arrow).

Figure 2. A-C: axial CT and three-dimensional reconstructions of the chest CT showing the main pulmonary artery
aneurysm. D: coronal and sagittal E: MIP CT images demonstrate the pulmonary artery aneurysm in 2024 and its close
relationship with the moderately calcified left coronary artery (yellow arrow). CT: computed tomography; AA: ascending
aorta; DA: descending aorta; LA: left atrium; LV: left ventricle; MIP: maximum intensity projection; MPA: main pulmonary
artery; RPA: right pulmonary artery; LPA: left pulmonary artery; RA: right atrium.
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Figure 4. A: TTE 2D imaging of the main pulmonary artery and branch pulmonary arteries in the parasternal short-axis view.
B: color Doppler of the pulmonary valve in the parasternal short-axis view, demonstrating severe pulmonary regurgitation.
C: continuous wave (CW) Doppler of pulmonary valve regurgitation with pressure half-time (PHT, white line) demonstrating
rapid flow deceleration during diastole, indicating severe regurgitation. D: CW Doppler of the tricuspid valve in the
parasternal short-axis view, showing a maximum velocity of 3.3 m/s and an estimated right ventricular systolic pressure of
60 mmHg. E: apical 4-chamber view (right ventricular-focused view) showing an independently mobile echodensity on the
atrial side of the tricuspid valve, measuring 0.5 mm x 0.6 mm (yellow arrow). F: color Doppler interrogation of the tricuspid
valve in the apical 4-chamber view, highlighting moderate regurgitation. AA: ascending aorta; DA: descending aorta; MPA:
main pulmonary artery; RPA: right pulmonary artery; LPA: left pulmonary artery; RA: right atrium; RV: right ventricle.
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Figure 3. Axial CT images showing the maximum dimension of the pulmonary artery aneurysm in 2021 and 2024,
demonstrating overall stability since 2021. CT: computed tomography; AA: ascending aorta; DA: descending aorta; MPA:

main pulmonary artery; RPA: right pulmonary artery.
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Resolucion transcatéter de una fistula coronaria congénita
gigante en un niho

Transcatheter resolution of a giant congenital coronary fistula in a child

Javier De la Cruz-Pelayo®, José L. Colin-Ortiz, Laura Camacho-Reyes y Jorge A. Silva-Estrada

Departamento de Cardiologia Pediatrica, Instituto Nacional de Pediatria, Ciudad de México, México

Presentamos el caso de un paciente varon de 5 afnos
que acude a valoracién por deteccion de un soplo car-
diaco desde el nacimiento. Los familiares lo refieren asin-
tomatico. Se encuentra en clase funcional I. En la
exploracion fisica se encontrd, soplo continuo en meso-
cardio, frémito y pulsos amplios. La radiografia de torax
muestra un indice cardiotoracico de 0.58 y flujo pulmonar
aumentado. En el electrocardiograma, ritmo sinusal y
AQRS +100°. Se sospecha una persistencia del con-
ducto arterioso, con epicentro atipico. El ecocardiograma
transtoracico, realizado con un equipo Philips EPIQ 7,
reportd funcidn biventricular conservada vy flujo turbu-
lento sugestivo de fistula coronaria, que se originaba de
la arteria descendente anterior con direccion al ventriculo
derecho, con un diametro mayor de 18 mm y un diametro
menor de 13.5 mm (Fig. 1). Se realiz6 angiotomografia
cardiaca con protocolo retrospectivo sincronizado con el
electrocardiograma en un tomdgrafo Siemens de 64 cor-
tes, que confirmé una fistula coronaria congénita gigante
al ventriculo derecho (Fig. 1, parte 2, A-C).

Ante los hallazgos y el riesgo de isquemia, se decide
llevar a cabo la oclusion de la fistula con un dispositivo
Amplatzer® Vascular Plug Il de 20 mm (Abbott Struc-
tural Heart, California, EE.UU.) (Fig. 2). En la angioto-
mografia de control se evidencia la oclusion exitosa
(Fig. 1, parte 2, D-F, y Fig. 2). No presenté complica-
ciones durante su estancia hospitalaria y fue egresado
asintomatico. En el seguimiento a 1 afo, el paciente
continua asintomatico, sin fuga residual.
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La fistula coronaria gigante es poco frecuente (0.05-
0.25% de las cardiopatias congénitas) y en general
tiene un curso asintomatico'. La presencia de un soplo
continuo en el mesocardio debe llevar a sospecharla;
sin embargo, su intensidad no tiene relacion con el
tamario de la fistula coronaria?.

En la bibliografia se han documentado algunos casos
con fistulas coronarias pequefias y muy pocas gran-
des'™*; en la revision realizada se encontrd que la mas
grande documentada es de 22 mm en un lactante de 7
meses, y en ese caso se optd por no realizar manejo
por intervencionismo ni cierre quirdrgico, Unicamente
vigilancia y seguimiento*.

Las opciones de manejo incluyen tratamiento médico,
intervencionismo?® o cierre quirlrgico. El manejo, a criterio
médico, se decide para evitar la falla cardiaca y el poten-
cial desarrollo de isquemia miocardica*. Nuestro caso
muestra una evolucién adecuada con manejo interven-
cionista; sin embargo, habra que continuar el seguimiento
del paciente para evaluar los resultados a largo plazo.
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texto y preparo las imagenes. J.L. Colin-Ortiz realiz6 el
cateterismo terapéutico y asesord en la elaboracién del
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grafia computarizada y la reconstruccién volumétrica.
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Figura 1. 1) Ecocardiograma: vistas en apical de cinco cadmaras modificada 2D y Doppler color, mostrando la fistula
coronaria congénita gigante (asterisco). 2) Angiotomografia de corazdn y de grandes vasos antes y después de la
colocacion del dispositivo oclusor. Fistula coronaria congénita gigante (asterisco). A, B, Dy E: oblicua anterior derecha.
C y F: oblicua anterior izquierda. AD: atrio derecho; Al: atrio izquierdo; AO: aorta; AP: arteria pulmonar; VD: ventriculo
derecho; VI: ventriculo izquierdo.
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Figura 2. 1) angiografia en proyeccion frontal en la que se muestra el trayecto de la fistula coronaria gigante (asterisco)
y posterior a la colocacion del dispositivo. 2) tomografia computarizada de control con reconstruccion 3D, vistas frontal,
oblicua anterior derecha e izquierda, que muestran el dispositivo en buena posicion dentro de la fistula coronaria.
AQ: aorta; AP: arteria pulmonar; VD: ventriculo derecho; VI: ventriculo izquierdo.
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Left main coronary artery compression by pulmonary artery
aneurysm in a patient with atrial septal defect

Compresion del tronco coronario izquierdo por aneurisma de la arteria pulmonar
en un paciente con comunicacion interauricular

José M. Alanis-Naranjo*®, Ana Ma. Rosas-Vazquez, and Aloha Meave-Gonzalez

Department of Cardiovascular Imaging, Instituto Nacional de Cardiologia Ignacio Chavez, Mexico City, Mexico

A 67-year-old male with an untreated atrial septal unremarkable. Right heart catheterization detected pul-
defect (ASD) was admitted due to recurrent chest pain. monary hypertension (PH) of 40 mmHg, pulmonary
Blood tests and electrocardiograms  were vascular resistance of 2.4 WU, and Qp/Qs of 2.6.

Figure 1. Cardiac CT demonstrating PAA (red asterisk) compressing the left main coronary artery (red dotted line): A: axial
view of pulmonary trunk bifurcation, and 3D volume-rendered imaging showing PAA and coronary arteries’ normal course
(blue). B: coronal MPR imaging. C: oblique MPR imaging. Cardiac CT after pulmonary artery plication (blue asterisk).
D: 3D volume-rendered imaging. E: coronal MPR imaging. F: oblique MPR imaging. Ao: aorta; CT: computed tomography;
LV: left ventricle; MPR: multiplanar reconstruction; PAA: pulmonary artery aneurysm; RA: right atrium; RV: right ventricle.
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Figure 2. Cardiac CT demonstrating PAA (red asterisk) compressing the left main coronary artery (blue arrow). A: MIP
imaging in systole. B: MIP imaging in diastole. C: 3D volume-rendered imaging. Cardiac CT after pulmonary artery plication:
D: MIP imaging in systole. E: MIP imaging in diastole. F: 3D volume-rendered imaging. Ao: aorta; CT: computed tomography;
LV: left ventricle; MIP: maximum intensity projection; PAA: pulmonary artery aneurysm; RA: right atrium; RV: right ventricle.

Coronary angiography (CA) revealed 80% non-calcified
aorto-ostial stenosis. Cardiac computed tomography
(CT) revealed moderate coronary plaque and
non-obstructive coronary artery disease, along with the

presence of a pulmonary artery aneurysm (PAA) caus-
ing extrinsic compression (ECo) of the left main coro-
nary artery (LMCA) (Figs. 1 A-C), resulting in a
50-60% decrease in caliber, particularly during



diastole (Figs. 2 A-C). The patient was referred to the
cardiac surgery department in response to persistent
symptoms. Pulmonary artery plication with fenestrated
ASD closure was performed, thus alleviating the ECo
of LMCA (Figs. 1 D-F and Figs. 2 D-F).

As PAA is rare, its natural history is poorly known.
It usually follows an indolent course and may cause
complications such as compression and rupture of
adjacent structures'. PAA patients may experience
ischemia, malignant arrhythmias, or sudden death
from ECo of the LMCA?Z. A younger age, a D-shaped
septum, a higher pulmonary artery (PA) systolic,
mean, and diastolic pressures and PVR, a larger PA
diameter with a smaller aortic diameter, as well as
accompanying congenital defects such as ASD are
significantly associated with ECo of LMCA®. ECo of >
50% of the LMCA has been documented in 8.2% of
PAA patients with PH who underwent CA, with steno-
sis of 70-90% diameter in 64% of these patients. In
contrast, it is only detected in 3% of patients who
undergo cardiac CT®. Despite the challenge of diag-
nosing ECo of the LMCA due to its dynamic charac-
teristics, cardiac CT provides a comprehensive method
for assessing the severity of ECo"?.

Currently, there are no guidelines on the manage-
ment of PAAs?. Neither the optimal treatment of PAA
nor the management of ECo of LMCA have been stan-
dardized®. Surgery remains the cornerstone of therapy
for PAA2. Because of the risk of dissection and rupture
of PAA, aggressive surgery has been advocated for
patients with PH3. Surgical treatment should be deter-
mined based on a complete anatomical and prognostic
assessment’. Revascularization of the coronary artery
may not be necessary if the ECo of the LMCA is
relieved following PAA surgery?. LMCA stenting is a
proven revascularization strategy with excellent clinical
and angiographic outcomes requiring only a single
stent placement, making it a suitable option for
patients with high surgical risks'-3. This case highlights
an imaging-based diagnostic approach for ECo of the

J.M. Alanis-Naranjo et al. LMCA compression

LMCA related to PAA in a patient who successfully
underwent surgery.
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Descubrimiento incidental de gran secuestro pulmonar
en un paciente pediatrico

Incidental discovery of large pulmonary sequestration in a pediatric patient
Carlos Vargas-Echeverria’*® y Rafael Echeverria-Consuegra?

"Departamento de Medicina, Division de Ciencias de la Salud, Universidad del Norte, Puerto Colombia; ?Departamento de Hemodinamia,
Organizacion Clinica General del Norte, Barranquilla. Colombia

Paciente de sexo femenino, de 2 meses de edad,
nacida a las 38 semanas de gestacion con 2.8 kg de
peso, que fue estudiada por sospecha de anomalia
del retorno venoso pulmonar. Dadas la edad y la con-
dicion de la paciente, la radiografia inicial (Fig. 1)
presentd limitaciones técnicas, aunque se identifico
una opacidad basal derecha. El ecocardiograma ini-
cial no fue concluyente, sugiriendo hallazgos como
auricula izquierda pequefia y dilataciéon ventricular
derecha. Ante la persistencia de la sospecha clinica
se realizd cateterismo cardiaco (4Fr) con arteriografia
pulmonar, venografia y aortograma (Figs. 2 y 3). El
cateterismo reveld un vaso aberrante originandose
desde la aorta hacia el pulmén derecho, confirmando
el diagndstico de secuestro pulmonar derecho y des-
cartando la anomalia del retorno venoso pulmonar
inicial' (Fig. 2).

La relevancia de este caso radica en el diagndstico
infrecuente de secuestro pulmonar a tan temprana
edad, y en que la presentacion clinica inicial simulaba
otra patologia cardiovascular’?. El cateterismo car- . O o . ”
diaco resulté crucial para establecer un diagndstico de calidad suboptima que dn_‘|,cu|ta su Interpretacion. se

aprecia una opacidad en la region basal del pulmon derecho,
definitivo en un contexto de hallazgos imagenologicos o cual sugiere la necesidad de estudios complementarios

Figura 1. Radiografia de térax en proyeccion anteroposterior

no concluyentes?. para una evaluacion diagndstica mas precisa.
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Figura 2. El cateterismo cardiaco derecho revela la ausencia de anomalia total del retorno venoso pulmonar.
A: inyeccion con medio de contraste en la arteria pulmonar izquierda para valorar el retorno venoso pulmonar.
B: inyeccion de medio de contraste en la arteria pulmonar izquierda en levofase que muestra un retorno venoso
pulmonar normal.

Figura 3. El cateterismo cardiaco revela la presencia de secuestro pulmonar del lado arterial (inyeccion realizada a
través del acceso arterial femoral derecho). A: aortograma de la aorta abdominal que muestra el catéter proximal al
tronco celiaco. B: continuidad del aortograma abdominal que muestra un vaso aberrante de gran calibre hacia el pulmén
derecho. C: secuestro pulmonar que opacifica tres cuartas partes del pulmén derecho.
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Ruptura de aneurisma de seno de Valsalva: reporte de caso
Rupture of sinus of Valsalva aneurysm: a case report

Geovedy Martinez-Garcia®, Natalia Reynosa-Paneque, Liliam G. Cisneros-Sanchez
y Annia M. Carrero-Vazquez

Unidad de Cuidados Coronarios, Servicio de Cardiologia, Hospital General Docente Enrique Cabrera, Boyeros, La Habana, Cuba

Introduccion

El aneurisma del seno de Valsalva representa el 0.1-
3% de todas las cardiopatias congénitas'. Sin embargo,
su ruptura produce un sindrome de insuficiencia car-
diaca aguda que puede ser confundido con otras enfer-
medades cardiovasculares e impedir su diagndstico
precoz.

Se presenta el caso de un adulto joven que acude
a nuestra institucion con sintomas y signos de insufi-
ciencia cardiaca derecha y soplo cardiaco, a quien se
le diagnostica ruptura de aneurisma del seno de
Valsalva.

Reporte de caso

Vardn de 42 afios con antecedentes de asma bron-
quial intermitente y haber practicado deporte de com-
bate; fumador por 25 afos. Acude al servicio de
urgencias con historia de dolor en la region lateral
izquierda del térax de 1 semana, que aparecié cuando
estaba montando bicicleta. Luego el dolor se hizo
constante, sin irradiacién, punzante, sin alivio con anti-
inflamatorios no esteroideos. A partir de ese momento
comenzd con disnea ligera, hasta llegar a disnea
paroxistica nocturna. Ademas, presentd «hinchazdén»

Figura 1. Radiografia posteroanterior de toérax en la que
se observa congestién pulmonar moderada.

holosistélico en foco adrtico de Erb, mitral y tricuspi-
deo, de intensidad IV/VI, en «chorro de vapor», con

de los tobillos hasta las piernas en los ultimos 3 dias.

En la exploracion fisica inicial se observd edema
bilateral de tobillos, normotérmico, no doloroso, con
dificil signo de Godet. Ruidos cardiacos ritmicos, soplo
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irradiacién a la axila izquierda. Ingurgitaciéon yugular
moderada. No estertores pulmonares. Presion arterial
120/70 mmHg, frecuencia cardiaca 108 latidos por
minuto y frecuencia respiratoria 20 respiraciones por
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Figura 2. Ecocardiografia transtoracica en vistas paraesternal en el eje corto (A) y apical (B), en las que se observa
el aneurisma del seno de Valsalva no coronariano (asterisco).

minuto. Abdomen doloroso a la palpacion superficial
en el hipocondrio derecho, con hepatomegalia de 3 cm
por debajo del reborde costal, de superficie lisa. Pre-
sencia de reflujo hepatoyugular.

En el &rea de urgencias se realizé radiografia de torax
posteroanterior, que mostrd una silueta cardiaca dentro
de limites normales, con hiperflujo pulmonar (Fig. 1).
Luego de tratar al paciente de forma intensiva con diuré-
ticos (furosemida intravenosa), se decidio internarlo en la
sala de medicina interna con el diagndstico de insuficien-
cia cardiaca global debido a insuficiencia mitral grave.

Se realizé ecocardiografia transtoracica, que eviden-
ci6 cavidades de tamafio normal y fraccion de eyeccion
del ventriculo izquierdo del 67%. Se observé paso de
flujo a través de un aneurisma del seno de Valsalva
aortico no coronariano hacia el ventriculo derecho (2.5
x 4.6 mm), con aumento de la velocidad del flujo de la
valvula pulmonar y de las presiones en las cavidades
derechas (presion sistolica pulmonar 42 mmHg), y
regurgitaciones tricuspidea y mitral moderadas, como
se observa en la figura 2.

Con el diagnéstico de ruptura de aneurisma del seno
de Valsalva no coronariano con sobrecarga moderada
de volumen en las cavidades derechas se remi-
tié al paciente al hospital de referencia de cirugia car-
diovascular, donde se realizé el tratamiento quirurgico
del aneurisma de forma satisfactoria.

Discusion

El aneurisma del seno de Valsalva es una malforma-
cién cardiaca poco frecuente que en la practica clinica
pasa inadvertida. No se conoce historia familiar y su
fisiopatologia aun se encuentra en discusion. Aunque
se pueden afectar los tres senos, es mas frecuente el
dafo en el seno coronariano derecho (75%) y en el no
coronariano (23%)?.

El cuadro clinico dependera del tamafio del aneurisma,
del tamafo de la perforacién y del cortocircuito izquier-
da-derecha formado. Generalmente transcurre de forma
asintomatica hasta su ruptura, en la cual aparecen dolor
torécico intenso (ocasionado directamente por la ruptura
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0 por la compresion de las arterias coronarias) y disnea
importante. Otros sintomas que pueden presentarse son
insuficiencia tricuspidea por obstruccion del tracto de
salida del ventriculo derecho, isquemia por compresion
arterial coronaria, bloqueo auriculoventricular, insuficien-
cia adrtica o0 muerte stbita®. En el caso que se presenta,
el paciente fue capaz de definir el momento de la ruptura
por la aparicién del dolor toracico al esfuerzo.

Para el diagndstico de esta afeccion existen varios exa-
menes complementarios, pero sin duda el ecocardio-
grama transtoracico es uno de los primeros a realizar. Con
esta técnica se localiza el aneurisma y se determinan su
tamario, el lugar de ruptura, su relacién con otras estruc-
turas o defectos, asi como el estado hemodinamico.

El tratamiento del aneurisma del seno de Valsalva roto
es quirdrgico, independientemente del estado hemodi-
namico del paciente. Los avances actuales en cardiolo-
gia intervencionista han permitido el cierre del orificio con
dispositivos, lo cual disminuye las complicaciones de la
cirugia cardiaca con circulacion extracorporea.

Lo interesante del caso presentado es lo infrecuente
de esta enfermedad y sefalar los elementos clinicos
que pueden llevar a que no se establezca un diagnds-
tico precoz del aneurisma del seno de Valsalva, y por
ende se realice un tratamiento tardio.
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Sindrome de takotsubo inducido por bradiarritmias:
la controversia del huevo o la gallina

Bradyarrhythmia causing takotsubo syndrome: a chicken and egg situation

Macarena Lopez-Vazquez*, Ester Minguez-De la Guia, Francisco M. Salmeron-Martinez
y Miguel Corbi-Pascual

Servicio de Cardiologia, Complejo Hospitalario Universitario de Albacete, Albacete, Espafa

Introduccion

El sindrome de takotsubo es una forma reversible de
disfuncién sistélica del ventriculo izquierdo con altera-
ciones segmentarias de la contractilidad que se extien-
den mas alld del territorio perfundido por una arteria
coronaria, considerandose una respuesta fisiopatold-
gica a un entorno hiperadrenérgico'?. La presentacion
es similar a la de un sindrome coronario agudo, pero
sin lesiones coronarias significativas. Es mas preva-
lente en mujeres posmenopausicas y puede ser des-
encadenado por un evento fisico o emocional®.

La asociacion entre sindrome de takotsubo y blo-
queo auriculoventricular (BAV) se ha descrito en el 3%
de los casos*®, aunque la relacion causa-efecto toda-
via genera controversia. Cuando coexiste con BAV, es
dudosa la necesidad de implantar un marcapasos
definitivo.

Caso clinico

Varén de 62 afios, hipertenso y fumador. Contacta
con el servicio de emergencias por sincopes. El elec-
trocardiograma inicial muestra BAV completo con ritmo
de escape a 12 I.p.m. y morfologia de bloqueo de rama
derecha (Fig. 1). Presenta parada cardiorrespiratoria en
disociacion electromecénica con recuperacion de la
circulacién en 15 minutos tras las maniobras de soporte
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Macarena Lépez-Vazquez
E-mail: macarenal.vazquez@gmail.com

Fecha de recepcion: 05-12-2024
Fecha de aceptacion: 01-07-2025
DOI: 10.24875/ACM.2400023

vital avanzado y estimulacién con marcapasos trans-
cutaneo, con elevacion de la troponina a 1246
(normal < 14) y ecocardiograma con disfuncion grave
del ventriculo izquierdo, fraccion de eyeccion del ven-
triculo izquierdo (FEVI) del 10% con acinesia apical y
mejor contractilidad basal. Dependiente de marcapa-
sos transcutaneo, se implanta marcapasos provisional
femoral derecho. Se realizan cateterismo que no mues-
tra lesiones significativas y ventriculograma con disci-
nesia apical (Fig. 2). Por shock cardiogénico y soporte
vasopresor a dosis altas, se implanta un balén de con-
trapulsacién y catéter de Swan-Ganz. A las 5 horas
recupera el ritmo propio a 75 l.p.m. con hemibloqueo
anterior y trastorno de la conduccién intraventricular
con morfologia rsR’ en las derivaciones V1y V2 (Fig. 1).
Se retira el balén de contrapulsacién en el dia 3 y
soporte vasopresor con extubacion en el dia 5. Tras 9
dias, el paciente recupera una FEVI del 60% vy se le
realiza una resonancia cardiaca, que muestra edema
miocardico difuso, sin realce tardio de gadolinio y com-
patible con miocardiopatia de estrés. Ante serologias,
toxicos y cultivos negativos, se establecié como pri-
mera posibilidad BAV con sindrome de takotsubo
asociado.

A pesar de mantener el ritmo propio, se realiz6 estu-
dio electrofisioldgico con intervalo HV basal de 60 ms,
pero con alargamiento hasta 104 ms con procainamida,
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Figura 1. A: electrocardiograma inicial, con bloqueo auriculoventricular completo con ritmo de escape a 12 l.p.m., y
con QRS con morfologia de bloqueo de rama derecha. B: electrocardiograma tras la recuperacion de la funcion

ventricular izquierda, en ritmo sinusal a 75 I.p.m., con hemibloqueo anterior y trastorno de la conduccioén intraventricular
con morfologia rsR" en las derivaciones V1y V2.
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Figura 2. Ventriculografia. A: diastole. B: sistole.

por lo que se implantd un marcapasos bicameral. Al
afo de seguimiento, estimulacion ventricular del
0.3%, al segundo afio del 20% y es dependiente al
cuarto ano.

Discusidn

El sindrome de takotsubo con bradiarritmias es mas
frecuente en varones jovenes con menor comorbilidad,
se asocia a shock cardiogénico e incrementa la estan-
cia hospitalaria y la mortalidad*. La fisiopatologia de las
bradiarritmias y el sindrome de takotsubo es controver-
tida. Se ha hipotetizado que el incremento catecolami-
nérgico puede desencadenar un aumento del tono
vagal reactivo'. Sin embargo, en muchos casos las
bradiarritmias estan presentes al ingreso, pudiendo ser
el estresor desencadenante del sindrome de takotsubo,
y a menudo persisten incluso tras la recuperacion de
la FEVI, sugiriendo diferentes mecanismos fisiopatolo-
gicos®’. En el estudio de Isogai et al.’, el 78% de los
pacientes con sindrome de takotsubo y BAV presen-
taba la alteracion en el momento de la admision. Jesel
et al.8 publican un porcentaje muy elevado de estimu-
lacién ventricular (90%) en todos los pacientes con
BAV e implante de marcapasos, realizando segui-
miento durante 8 afios. Esclarecer la relacion

causa-efecto tiene implicaciones terapéuticas. Stier-
maier et al.! describen tres pacientes con sindrome de
takotsubo y bradiarritmias con recuperacion del ritmo
propio precoz, aunque sin estudio electrofisioldgico y
sin implante de marcapasos permanente; estos falle-
cieron subitamente en el seguimiento.

En los BAV degenerativos son frecuentes los episo-
dios intermitentes al inicio que progresan hasta su ins-
tauracion permanente’. En nuestro caso, se objetivaron
una FEVI recuperada y un ritmo propio en horas, pero
con electrocardiograma posterior con trastornos de la
conduccion y estudio electrofisiolégico anormal, por lo
que se implanté un marcapasos bicameral del que el
paciente es dependiente 4 afos después. Por tanto,
parece que las bradiarritmias persisten mas alla de la
fase aguda en los pacientes con sindrome de takot-
subo. Asi, la realizacion de un estudio electrofisioldgico
tras la resolucién del BAV seria de gran utilidad para
esclarecer la necesidad de estimulacion permanente,
aunque los estudios no lo contemplan’.

Conclusiones

Las bradiarritmias podrian ser un desencadenante
del sindrome de takotsubo, suelen estar presentes ya
en el momento de la admisién y persisten a pesar de
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la recuperacion de la FEVI. En los pacientes con recu-
peracién del ritmo propio podria ser util el estudio elec-
trofisioldgico para determinar si implantar estimulacion
permanente.
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