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El desciframiento del genoma humano es el simbolo de
esta nueva etapa, que mezcla las utopias de la ciencia
con la realidad médica.

La practica de una Medicina cientifica técnicamente
rigurosa y, al mismo tiempo, humana, me trae la imagen
de innumerables doctores a través de los afos. La
integridad moral del insigne médico, cientifico vy
humanista es el mejor ejemplo a seguir. “no hay
enfermedades sino enfermos”, si bien esta sentencia de
genial clarividencia parece haber sido emitida con
anterioridad por el eminente fisidlogo Claude Bernard. Su
interés por todo lo que rodea al ser humano con espiritu
renacentista, su capacidad de llevar a la practica sus
conocimientos y su buena disposicién comunicativa lo
han convertido en paradigma del galeno completo.
Marafion es una de las mentes mas brillantes del siglo XX,
un espiritu  humanistico singular, una referencia
indiscutible e inalcanzable. No es facil en estos tiempos
desmemoriados y frivolos continuar por la luminosa
senda que dejo abierta. Sirva de faro orientador esta
figura clave de la historia de la Medicina y del Humanismo
Médico, especialmente a quienes ignoran o desdefian el
pasado y se pierden en las complejidades del
presente.Anatomia Digital, es editada por la editorial de
prestigio Ciencia Digital, Ecuador tiene una periodicidad
trimestral, acepta el envio de trabajos originales, en
castellano, portugués e inglés para la aceptacion y
publicacion de articulos cientificos relacionados con las
Ciencias de la Salud, orientada a la transferencia de los
resultados de investigacion, innovacién y desarrollo,
Abarcara todos los niveles de la educacion médica y de
los profesionales de las ciencias de la salud, desde el
pregrado y posgrado hasta la formacién continua, con el
fin de analizar las experiencias y estimular nuevas
corrientes de pensamiento en el campo de la educacion
médica. Servird como un foro de innovacion en la
disciplina de educacion médica, con el mayor rigor
académico posible.
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Resumen
Palabras ini?’lcj)dlfccién' la puncién aspiracion con aguja fina ha
claves: biopsia : P p qu)

con aguja fina,  desempefiado un papel esencial en la evaluacion del paciente con
nédulo tiroideo, nodulo tiroideo, siendo un método rapido, minimamente invasivo,
neoplasias de la  con reinsercion réapida a sus actividades. Objetivo: determinar la
tiroides. validez de la Puncién Aspiracién con Aguja Fina (PAAF) guiada
por ecografia en el diagndstico de cancer de tiroides en pacientes
del Hospital José Carrasco Arteaga durante el afio 2017.
Metodologia: estudio de validacion de pruebas diagndsticas que
compard la puncion aspiracion con aguja fina guiada por
ecografia con la histopatologia (gold estandar). Participaron 236
pacientes que cumplieron los criterios de inclusion. Para el
analisis se aplicaron frecuencias y porcentajes, desviacion
estandar y media, segun variables cuantitativas y cualitativas
respectivamente, para la validacion de la PAAF se realizaron
pruebas de sensibilidad, especificidad, valor predictivo positivo y
negativo. Se aplicaron los procesos bioéticos respectivos.
Resultados: el 73.78% de pacientes tuvieron mas de 48 afios
(media de 56,52, DS +/- 13,51). Segun la clasificacion de
Bethesda la mayoria de los pacientes presentaron atipia con
27,1%, seguido de 26,3% de neoplasia folicular. Por
histopatologia el 53,8% fueron benignos y el 43,2% corresponde a
carcinomas papilares. La sensibilidad fue de 73,39%;
especificidad del 57,48%, indice de validez 64,83%; valor
predictivo positivo 59,7%; valor predictivo negativo 71,57%;
razon de verosimilitud positivo 1,73, razén de verosimilitud
negativo 0,46; indice de Youden 0,31. Conclusiones: la PAAF
tuvo una mayor sensibilidad que especificidad, sin embargo, no
podria ser determinante en el momento del diagnostico y toma de

decisiones.
Keywords: Abstract
fine needle Introduction: fine needle aspiration has played an essential role
biopsy, thyroid in the evaluation of the patient with thyroid nodule, being a fast,
nodule, thyroid minimally invasive method and the patient will quickly be
neoplasms. reintegrated into his activities. Objective: to determine the

validity of the Fine Needle Aspiration Puncture (FNAP) guided by
ultrasound in the diagnosis of thyroid cancer in patients of the José
Carrasco Arteaga Hospital in 2017. Methodology: validation
study of diagnostic tests that compared fine needle aspiration
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puncture guided by ultrasound with histopathology (gold
standard); 236 patients accomplished inclusion criteria. For the
analysis, frequencies and percentages, standard deviation and
mean were applied, according to quantitative and qualitative
variables respectively; for the validation of the FNAP, tests of
sensitivity, specificity, positive and negative predictive value were
performed. The respective bioethical processes were applied.
Results: 73.78% of patients were over 48 years old (mean of
56.52, SD +/- 13.51). According to the Bethesda classification,
most patients presented atypia with 27.1%, followed by 26.3% of
follicular neoplasia. By histopathology, 53.8% were benign with
43.2% of papillary carcinomas. The sensitivity was 73.39%;
specificity 57.48%, validity index 64.83%; positive predictive
value 59.7%; negative predictive value 71.57%; positive
likelihood ratio 1.73, negative likelihood ratio 0.46; Youden index
0.31, Cohen's Kappa index 0.31. Conclusions: The FNAP had a
greater sensitivity than specificity; however, it could nCot be
decisive at the time of diagnosis and decision-making.

Introduccion

La tiroides es una glandula enddcrina situada en la base del cuello, cuya funcién es la
produccion de hormonas tiroideas T3 (triyodotironina) y T4 (tiroxina), responsables del
metabolismo del organismo @ El cancer de tiroides, es el tumor endocrino mas
frecuente a nivel mundial @, representando mas del 90% de estas neoplasias, ademas
del 1% de los canceres a nivel general, a su vez el 90% de casos diagnosticados de esta
patologia surgen de células foliculares, y en este grupo, el papilar es el mas comun
(90%), sequido de la neoplasia folicular (10%) ©.

En lo que respecta a la etiologia del cancer tiroideo, se han enunciado diversos factores
que podrian estar relacionados con su ocurrencia como: el genético con mutaciones y
metilacion de genes especificos de tiroides, la alteracion de vias metabdlicas
intracelulares y algunos factores relacionados con ambiente Su diagnéstico
preoperatorio continda siendo un verdadero reto, debido a que los métodos para definir
benignidad y malignidad tienen aun cierto rango de error. Concretamente, la biopsia por
puncion con aguja fina, ha mejorado el manejo clinico del nodulo tiroideo, permitiendo
disminuir a menos de la mitad el nimero de intervenciones quirdrgicas, no obstante,
aungue se ha aceptado a nivel mundial su gran utilidad diagnostica, esta técnica presenta
limitaciones importantes que estan relacionadas con la toma adecuada de la muestra .
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El presente estudio tuvo como objetivo determinar la validez de la puncion aspiracion
con aguja fina guiada por ecografia en el diagnéstico de cancer de tiroides, contrastando
estos resultados con hallazgos histopatolégicos obtenidos en la pieza quirurgica. El
presente informe expondra inicialmente el estado del arte, conceptos y bases teoricas
sobre el cancer tiroideo, seguidamente se explicard el disefio metodoldgico aplicado en
la investigacion, posteriormente se presentaran los resultados encontrados, luego se
discutirdn los datos obtenidos comparandolos con una revision exhaustiva de la
literatura en base a evidencias cientificas existentes y se terminara con las conclusiones
y recomendaciones sobre el tema propuesto®

Metodologia

Tipo de estudio, se realizé un estudio de validacion de pruebas diagndsticas para evaluar
la puncién aspiracion con aguja fina guiada por ecografia en el diagnostico de cancer de
tiroides en el hospital José Carrasco Arteaga, Cuenca 2017. Se consider6 como prueba
de oro la histopatologia.

Area de estudio, se realizé en el Servicio de Cirugia Oncol6gica del Hospital José
Carrasco Arteaga, ubicado en la ciudad de Cuenca, Provincia del Azuay, perteneciente a
la Zona 6 de Salud del Ecuador.

Unidad de analisis, pacientes ingresados en el Area de Cirugia Oncoldgica del Hospital
José Carrasco durante el afio 2017.

Universo y muestra: con el programa epidat 3.1, con una sensibilidad de 65 % y
especificidad de 72%, prevalencia de 12%, potencia 80, se calcul6 una muestra de 159
pacientes, pero se trabajé con el universo que fue de 236 usuarios atendidos en el
Servicio de Cirugia Oncoldgica del Hospital José Carrasco durante el periodo de
estudio.

Criterios de inclusion:

e Pacientes mayores de 28 afios a quienes se les realizo tiroidectomia con previa
puncidn aspiracion con aguja fina guiada por ecografia.

e Usuarios con resultado de estudio histopatoldgico de tiroides.
Exclusion:

e Pacientes con historias clinicas con datos incompletos.
Operacionalizacion de variables.

Procedimientos, técnicas e instrumentos

Instrumentos y técnicas de recoleccion: la informacion fue recolectada por medio de un
formulario elaborado por la autora (validado con alfa de Cronbach 0,8), mismo que
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recogio variables sociodemogréficas, clinicas y de las pruebas de precision diagnostica
propuestas para el presente estudio.

Los datos fueron recogidos por la autora del estudio, inicialmente se realiz6 una
busqueda en los registros del Servicio de Cirugia Oncoldgica del Hospital José Carrasco
Arteaga de pacientes con diagnostico de neoplasias tiroideas, luego de lo cual se reviso
individualmente los expedientes del archivo clinico de cada uno de los participantes, se
incluyeron las personas mayores de 28 afios, de ambos sexos, con resultados en su
historia clinica tanto de PAAF como de prueba histopatolédgica de la pieza quirdrgica, se
excluyeron a usuarios con datos incompletos o aquellos que no tenian registro de la
prueba a contrastar o la gold estandar. Finalmente se llenaron los formularios de
recoleccion de datos, para luego ingresar la informacion en una matriz de Excel.

Plan de tabulacion y procedimientos de analisis

La informacién de los formularios fue tabulada mediante el programa Microsoft Excel,
posteriormente fue analizada por medio del programa SPSS version 20.

Los resultados fueron presentados por medio de tablas personalizadas, aplicandose para
variables cualitativas frecuencias y porcentajes y para las cuantitativas, media y
desviacion estandar.

El valor diagndstico de la puncion de aspiracion con aguja fina guiada por ecografia fue
evaluado por pruebas de sensibilidad, especificidad, valor predictivo positivo y valor
predictivo negativo, test de Youden, valor de verosimilitud negativo y valor de
verosimilitud positivo.

Resultados
Tabla 1.
Distribucion de 236 pacientes tiroidectomizados en el Area de Cirugia Oncoldgica del

Hospital José Carrasco Arteaga segun caracteristicas sociodemograficas. 2017
Frecuencia  Porcentaje

28 — 37 afios 27 11,4%
38 — 47 afios 35 14,8%
Edad * 48 — 57 afios 59 25%
58 — 67 afios 56 23,7%
> 65 afos 59 25%
Total 236 100%
Hombre 16 6,8%
Sexo Mujer 220 93,2%
Total 236 100%

*Media: 56.52 DS +/- 13.51
Fuente: Base de datos. Elaboracion: los autores.
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Como se puede observar en la tabla el 73,7% de los pacientes fueron mayores de 48
afios, con una media de 56,52, DS +/- 13,51. Con respecto al sexo hay una relacion
mujer hombre de 13/1.

Tabla 2.

Incidencia de cancer de tiroides en 236 pacientes tiroidectomizados en el Area de
Cirugia Oncoldgica del Hospital José Carrasco Arteaga. 2017.

Cancer de Tiroides

Frecuencia Porcentaje
Benigno 127 53,8%
Histopatologia Maligno 109 46,2%
Total 236 100%

Fuente: Base de datos. Elaboracion: la autora.

En esta tabla de los 236 tiroidectomizados el resultado de anatomia patoldgica reportd
53,8% son lesiones benignas y el 46,2% son malignas.

Tabla 3.

Distribucion segun el tipo de Cancer de Tiroides de 236 pacientes tiroidectomizados en
el Area de Cirugia Oncoldgica del Hospital José Carrasco Arteaga. 2017

Frecuencia  Porcentaje

Carcinoma papilar 102 93,6%
Carcinoma folicular 3 2,8%
Histologia ~ Carcinoma anaplasico 1 0,9%
Carcinoma medular 3 2,8%
Total 109 100%

Fuente: Base de datos. Elaboracion: la autora.

Dentro de los tipos de cancer el carcinoma papilar fue el mas frecuente con un 93,6%
encontrandose una relacion de 9 a 1 de frente al resto de carcinomas.
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Tabla 4.

Distribucion segun clasificacion de Bethesda por PAAF del Cancer de Tiroides de 236
pacientes tiroidectomizados en el Area de Cirugia Oncoldgica del Hospital José
Carrasco Arteaga. 2017

Frecuencia Porcentaje

No diagnéstico o Insatisfactorio 10 4,2%

Benigno 28 11,9%

Atipia 64 27,1%

Resultados PAAF Neoplasia folicular 62 26,3%
Sospecha de malignidad 44 18,6%

Maligno 28 11,9%

Total 236 100%

Fuente: Base de datos. Elaboracion: la autora.

Segun la clasificacion de Bethesda para diagnoéstico con puncion por aspiracion con
aguja fina, se observd que 64 pacientes (27,1%) presentaban atipia, seguido de 62
(26,3%) con diagnostico de neoplasia folicular, por otro lado, de 44 personas (18,6%)
tuvieron un resultado de sospecha de malignidad y 28 (11.9%) fueron considerados
como malignos y bajo la misma cifra como benignos, 10 (4,2%) participantes
correspondieron a Bethesda I.

Tabla 5.

Resultados de la puncidn aspiracion con aguja fina guiada por ecografia en 236
pacientes tiroidectomizados en el Area de Cirugia Oncoldgica del Hospital José
Carrasco Arteaga. 2017

Cancer de tiroides

PAAF — ;

Positiva Negativa Total
Positiva 28 10 38
Negativa 106 92 198
Total 134 102 236

IC (95%)

Sensibilidad 20.90 13.64 28.15
Especificidad 90.20 83.94 96.46
Valor predictivo positivo 73.68 58.37 89

Fuente: base de datos. Elaboracion: la autora

En el presente estudio se obtuvo una sensibilidad para la PAAF de 20,90% lo cual
correspondi6 a la proporcion de individuos verdaderamente positivos, en lo que respecta
a la especificidad fue de 90,20% indicando asi la probabilidad de tener un resultado
verdaderamente negativo para cancer de tiroides.
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Tabla 6.

Prueba de referencia de resultados por puncidn aspiracion con aguja fina guiada por
ecografia versus resultados de histopatologia en 236 pacientes tiroidectomizados en el
Area de Cirugia Oncoldgica del Hospital José Carrasco Arteaga. 2017

Histologia
PAAF — :

Positiva Negativa Total
Positiva 80 54 134
Negativa 29 73 102
Total 109 127 236

IC (95%)

Sensibilidad 73.39 64.64 82.15
Especificidad 57.48 48.49 66.47
indice de Validez 64.83 58.53 71.13
Valor predictivo positivo 59.7 51.02 68.38
Valor predictivo negativo 71.57 62.32 80.81
indice de Youden 0.31 0.19 0.43
Razdn de verosimilitud positivo 1.73 1.37 2.18
Razdn de verosimilitud negativo 0.46 0.33 0.65

Fuente: base de datos. Elaboracion: la autora.

La sensibilidad de la PAAF fue 73,39% lo que corresponde a la proporcion de
individuos enfermos identificados por dicha prueba, en cuanto a la especificidad resulto
ser de 57,48% mostrando ser ésta la probabilidad de tener un resultado verdaderamente
negativo, la proporcion de pacientes clasificados correctamente fue del 64,83%, la
probabilidad condicional de que la prueba de PAAF diagnostique al cancer de tiroides
es de 59,7%. La diferencia entre la tasa de verdaderos positivos y falsos positivos fue de
0,31, la probabilidad de identificacion de pacientes que tendran cancer de tiroides
mediante la PAAF es de 1,73.
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Figura 1.

Curva ROC de comparacion de la prueba puncion aspiracion con aguja fina guiada por
ecografia versus resultados de histopatologia de 236 pacientes tiroidectomizados en el
Area de Cirugia Oncoldgica del Hospital José Carrasco Arteaga. 2017.
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Tabla 7.

Area bajo la curva

Area bajo la curva

Intervalo de confianza 95%

Area Valor p Error estandar Limite inferior Limite superior
0.573 0.054 0.037 0.5 0.646

Fuente: base de datos. Elaboracién: la autora.

Se pudo observar segun la curva ROC que, de un total de 109 casos positivos y 127
negativos, que la PAAF tiene un area cubierta de 0.573 lo que equivale a un 57% en
términos de definir de manera precisa una neoplasia con un valor de p que no muestra
diferencias estadisticamente significativas.

Discusion

La enfermedad nodular tiroidea es frecuente motivo de consulta médica, su forma de
presentacion es variable y puede ir desde un simple nodulo en un I6bulo de la glandula,
hasta la aparicion de una adenomegalia cervical con presencia de sintomas compresivos,
por lo que debe ser evaluada para realizar el abordaje terapéutico oportuno.
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No obstante, el diagnostico de un nddulo tiroideo, se hace frecuentemente gracias a la
ecografia, la cual permite la identificacion de lesiones pequefias, con hallazgos
incidentales en la mayoria de casos, sin embargo, la evaluacion de los pacientes que
acuden a consulta con sintomatologia referida a enfermedad tiroidea, resultan un
verdadero reto para el profesional de la salud, ya que se ve confrontado en la decision
de la praxis de una biopsia por aspiracion con aguja fina con la finalidad de descartar
una neoplasia glandular tiroidea, y esto como es evidente conlleva a costos en salud asi
como la preocupacién y ansiedad por parte del paciente, obligando al médico a
desarrollar un ejercicio clinico muy juicioso, de manera que no deje pasar
inadvertidamente un céancer tiroideo ©

Los resultados de la presente investigacion brindan informacion que permite validar en
nuestro medio, la concordancia de la puncién aspiracion por aguja fina con guia
ecogréfica frente a los resultados anatomopatoldgicos de la pieza quirurgica.

En el estudio participaron 236 pacientes, el 73.7% de personas que presentaron
neoplasias tiroideas fueron mayores de 48 afios, con una media de 56.52, DS +/- 13.51,
siendo las mujeres las que desarrollaron la patologia en un 93.8% de casos. Cifras que
concuerdan con otros autores como Jeelani et al, quienes evidenciaron que de un total
de 400 pacientes estudiados, hubo una relacibn hombre - mujer de 1: 4.4,

correspondiendo a una frecuencia del 81.5% para las mujeres y un 18.5% para varones
M

Jacome, en Quito, encontrd que el 94% de mujeres versus el 6% de varones presentaron
dicha patologia, las edades que reportaron mayor porcentaje fueron entre los 41 a 50
afios con un 30% . Chala et al, en 1467 pacientes con nodulos tiroideos, concluyeron
que se presentd en un 10,2 % hombres y 89,8 % mujeres ©. Rojo y colaboradores, en
Cuba, en el afio 2013, observaron que el grupo de edad con mayor predominancia para
Ca Tiroideo fue el de 40 — 49 afios, y el género femenino la present6 en un 87.8% ©,
Granel et al, concluy6 que el 69.8% fueron mujeres y 30,2% hombres ©.

En lo que respecta a la categorizacion y estratificacion del Ca Tiroideo, nuestros
resultados muestran que segin Bethesda la puncion por aspiracion con aguja fina
evidencié que 64 pacientes (27,1%) presentaban atipia (categoria Ill), seguido de 62
(26,3%) diagndstico de neoplasia folicular (categoria 1V), por otro lado de 44 personas
(18,6%) tuvieron un resultado de sospecha de malignidad (categoria V) y 28 (11.9%)
fueron encasillados como malignos (categoria V1), con el mismo porcentaje (11.9%)
fueron benignos (categoria Il). De acuerdo con la histopatologia, se observé que el
53,8% de neoplasias benignas, seguidas de 43,2% del carcinoma papilar, asi como un
1.3% para carcinoma medular. Podemos comparar estas cifras con autores como Chala
et al, con su estudio en 1467 participantes con nddulo tiroideo, de los cuales a 623 que
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requirieron tiroidectomia presentaron 269 carcinomas papilares, 14 foliculares, 4
indiferenciados, 159 bocios, 74 adenomas y 101 tiroiditis %,

Rojo, et al en Cuba en el afio 2013, concluyé que la mayor cantidad de pacientes fueron
clasificados como categoria Il de Bethesda con un 52,5%, ademéas la biopsia de
parafina permitio identificar lesiones benignas, el bocio multinodular resulté el mas
reportado (25,9%) y entre las lesiones malignas el carcinoma papilar (16,5%) ©. Naz et
al, en Bangladesdh, observaron 403 casos que fueron diagnosticados benignos
(Bethesda 11) y 67 Bethesda Ill (lesion folicular), mientras 22 como malignos o
sospechosos de neoplasia (Bethesda V y VI), sin embargo, para la categoria Bethesda II,
se encontr6 que 5 de 45 casos tenian malignidad “®. Agrawal et al, reportaron de un
total de 281 casos estudiados, 247 (87,90%) fueron benignos, 4 (1,42%) neopléasicos, 5
(1,78%) sospechosos de malignidad, 7 (2,49%) sospechosos de neoplasias foliculares,
11 (3,91 %) con atipia de importancia indeterminada .

En Jordania, Aldullah et al, concluyeron que de 499 sometidos a PAAF de tiroides, se
encontrd una interpretacion benigna en 273 participantes (54.7%), atipia de importancia
indeterminada en 81 (16.2%), neoplasia folicular en 20 (4%), sospechosa de malignidad
en 36 (7.2%), maligna en 32 (6,4%) y no diagndsticos en 57 pacientes (11,4%) *2.
Chakravarthy et al, observaron que la tasa de malignidad en la muestra de PAAF
benigna fue del 25% (10/40) y del 69% (8/13) en aquellos con una lesion folicular de
importancia no determinada, alrededor del 80% de los casos benignos y el 89% de las
tenian una variante folicular de carcinoma papilar de tiroides 2.

En lo que respecta a las pruebas diagndsticas contrastadas, la presente investigacion
obtuvo los siguientes resultados: el indice de confiabilidad fue del 95%; reportandose
una sensibilidad 73,39%; especificidad del 57,48%; indice de validez 64,83%; valor
predictivo positivo 59,7%; valor predictivo negativo 71,57%. Resultados similares son
los reportados por: Jacome en su investigacion con 150 pacientes, encontré una
sensibilidad de 57,38% Yy especificidad de 85,39% para diagnosticar etiologia nodular
tiroidea®. Granel et al, en su estudio de 5 afios en 112 pacientes, encontré que la
PAAF tuvo una sensibilidad de 45,5 %, especificidad de 86,1 % , valor predictivo
positivo de 57,7 % y valor predictivo negativo de 79,1 % @),

En Jordania, Abdullah et al, al comparar los resultados de la PAAF preoperatoria y el
histopatoldgico luego de procedimiento quirdrgico, se reportd que en una muestra de
101 pacientes, la sensibilidad, especificidad y precision diagndstica de la prueba fue de
95.6%, 54.8% y 78.9%, respectivamente, con un valor predictivo positivo correspondio
a un 75.4% y el valor predictivo negativo de 89.5% (9.

Sin embargo valores que contrarrestan con los resultados del presente estudio tenemos
que Chakravarthy et al, en la India, con 128 participantes tiroidectomizados, observd
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una sensibilidad y especificidad de PAAF guiada por ecografia de 83.9 % y 76.3%,
respectivamente, el valor predictivo positivo de 85.2%, valor predictivo negativo de
74.4% vy una precision de 81% en la prediccion de malignidad en nodulos tiroideos >1
cm (7,

En esta misma linea otra investigacion en este pais, encontré con una precision de la
citologia por PAAF del 80,3% con una sensibilidad del 64,3% y 85.1% de especificidad
18- A nivel nacional se han encontrado resultados similares a los reportados en la
presente investigacion, es asi que en Quito, Jacome durante los afios 2004-2014, en una
muestra de 150 pacientes tiroidectomizados, al comparar la PAAF con la histopatologia
obtuvo una sensibilidad de 57.38% y especificidad de 85.39% para diagnostico de Ca
tiroideo ¥, En SOLCA de la ciudad de Cuenca, en el periodo 2009-2013, con 415
pacientes con neoplasia tiroidea, se concluyd una sensibilidad=63% (1C95%: 58 — 69),
Especificidad=94% (1C95%: 89 — 98), RVP=10.9 (IC95%: 5 — 22) y RVN=0.39
(1C95%: 0.3 — 0.4) @9,

Sin embargo otros estudios muestran diferentes resultados en relacion a la validez
diagnostica de la PAAF, asi Herrena et al, en una poblacion de 161 pacientes
colombianos con nddulo tiroideo, en los cuales se le realiz6 PAAF se encontré que la
sensibilidad fue de 54,5%, especificidad 98%, falsos positivos 1,8%, falsos negativos
4,5%, valor predictivo positivo 75%, valor diagndstico negativo 98%, precision
diagnostica 93%, indice de Kappa 0,598 ?*%). Naz et al, en el afio 2014, en Bangladesh,
concluyeron que de 528 casos la precision general de PAAF fue del 80.3% con una
sensibilidad de 64.3% y un 85.1% de especificidad %629,

Jeelani, en su estudio con 400 pacientes con nodulos tiroideos, encontré que la
sensibilidad, especificidad y precision diagnostica de la PAAF fue de 92.2%, 72.5% vy
83.5% respectivamente G%. En Espafia, en un periodo de 5 afios, con 112 participantes,
se evidenci6 al comparar los resultados de la PAAF con la biopsia postoperatoria, una
sensibilidad 45,5% (intervalos de confianza 95% [IC95%] 28,1-63,6), especificidad de
86,1% (1C95% 76,5-92,8), valor predictivo positivo de 57,7% (1C95% 36,9-76,6) y
valor predictivo negativo de 79,1% (1C95% 69-87,1) (31-39),

En Colombia, de un total 623 pacientes sometidos tiroidectomia previa PAAF, la
sensibilidad encontrada fue de 86,4 %, con una especificidad de 89,4 %, valor
diagnostico de un resultado positivo de 87,5 % y uno negativo de 84,1 % ©40),

Cifras muy superiores a las reportadas en nuestra investigacion son las descritas por
Beevi y col, en su estudio en el afo 2018, concluyeron que al correlacionar
histopatologicamente las diversas lesiones tiroideas y su evaluacién del sistema de
Bethesda durante 3 afios de estudio, arrojo una sensibilidad de 92,85%, 100% de
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especificidad, valor predictivo positivo 100%, valor predictivo negativo 98,8% y 99%
de precision diagndstica en la deteccion de tumores malignos por la PAAF ©#9),

Agrawal et al, realizaron una investigacion con correlacion citohistopatolégica de 134
casos de pacientes con lesiones sugestivas de Ca tiroideo, concluyendo que la
sensibilidad, especificidad y precision diagnostica del estudio para lesiones malignas
fueron de 96.7%, 100% y 97.0% respectivamente para la puncion por aguja fina “1-46),

Frente a este escenario, exponemos que la presente investigacion para ser una prueba
diagnostica tuvo limitaciones en cuanto a las pruebas diagnosticos contrastados,
concretamente referidas a las propiedades inherentes a los mismos con respecto la
técnica y la preparacion del médico que las realiz, sobre todo en muestras que
resultaron insuficientes.

Conclusiones

e En cuanto al reporte histolégico mas de la mitad de los pacientes presentaron
nodulos tiroides de caracteristicas benignas.

e De acuerdo con la clasificacion de Bethesda para diagndstico con puncion por
aspiracion con aguja fina, se observé que aproximadamente un cuarto de
pacientes presentaba atipia y neoplasia folicular.

e La PAAF mostr6 que tiene una mayor sensibilidad que especificidad, y en la
curva ROC, el &rea cubierta por esta prueba diagndstica es apenas superior a la
mitad sin mostrar diferencias estadisticamente significativas, lo cual, en
términos practicos con los resultados arrojados en el presente estudio, la PAAF
no podria definir de manera precisa una neoplasia tiroidea.

e Finalmente, no se encontrd6 una buena sensibilidad, especificidad, valor
predictivo positivo y negativo, datos estadisticos que concuerdan con varios
estudios de la literatura contrastada, sin embargo, nuestros resultados no
resultaron ser concluyentes ni determinantes por las limitaciones mencionadas
en la presente investigacion.
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Palabras Resumen o s b o -
claves: COVID- Introduccion: Miocarditis ha sido reportada como un efecto

secundario de la vacuna del COVID-19 de ARNm. En este articulo
de revision, 15 casos clinicos confirmados de miocarditis asociados
con la vacuna del COVID-19 de diferentes lugares del mundo
fueron resumidos. Objetivos: El objetivo principal de este articulo
es de criticamente analizar y resumir la informacidn existente sobre
la asociacion de la vacunacion del COVID-19 vy el desarrollo de
miocarditis como efecto secundario de la vacuna. Metodologia:
Google Académico fue usado para buscar casos confirmados de
miocarditis relacionados a la vacuna del COVID-19 desde el 2021
hasta el 2022. Resultados: existe mayor predominancia de
miocarditis en jovenes adultos, especialmente en pacientes de sexo
masculino (94%). Defectos genéticos, aspectos ambientales y
habitos alimenticios, fueron encontrados como otros posibles
factores que pudieron haber estimulado el desarrollo de
miocarditis. Los niveles de troponina y la proteina C-reactiva
estuvieron elevados en la mayoria de los casos (93%).
Conclusiones: Los casos de miocarditis asociados con la vacuna
del COVID-19 son muy escasos y representan una minima fraccion
de toda la poblacion vacunada. Los beneficios que ofrece la vacuna
del COVID-19 son mucho mayores a los efectos que una infeccién
por COVID-19 podria causar. Se recomienda seguir administrando
la vacuna del COVID-19 para hacer frente a la pandemia del
coronavirus.

19, miocarditis,
vacunacion,
biomarcadores,
informes de
casos.

Keywords: Abstract

COVID-19, Introduction: Vaccination-related myocarditis has been reported

myocarditis, as a major side effect of the mMRNA COVID-19 vaccine. In this

vaccination, review article, a series of 15 global case reports of laboratory-

biomarkers, confirmed myocarditis post COVID-19 vaccination were

case reports. summarized. Objectives: The main objective of this article is to
critically analyze and summarize published case reports on
vaccination-associated myocarditis. Methodology: Google Scholar
was used to search for confirmed cases of vaccination-associated
myocarditis from 2021 to 2022. Results: It was found that there is
a higher prevalence of immunization-related myocarditis in young
adults, especially in male patients (94%). Genetic defects,
environmental aspects and dietary habits were discovered as other
factors that could have stimulated the development of myocarditis.
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Troponin and C-reactive protein levels were elevated in most cases
(93%). Conclusions: vaccination-associated myocarditis case
reports are very rare and only represent a minimal fraction of the
total population that has been vaccinated. The benefits offered by
the COVID-19 vaccine far outweigh the effects a COVID-19
infection. It is recommended to continue administering the mRNA
vaccine to manage the COVID-19 pandemic.

Introduction

The novel coronavirus disease (COVID-19) originated in Wuhan, China in 2019. The
World Health Organization (WHO) declared the COVID-19 disease a pandemic in 2020.
The SARS-CoV-2 virus is highly transmissible and spreads through respiratory droplets,
including saliva, sneezing, and coughing (1). At the time of writing, there has been a total
of 532,545,504 COVID-19 confirmed cases in the world according to the Johns Hopkins
Coronavirus Research Center (2). Vaccination is often acknowledged as the most efficient
approach to tackle infectious diseases caused by viruses. Nowadays, mMRNA vaccines
have become a powerful tool to fight the COVID-19 pandemic. In addition, mMRNA
vaccines offer more advantages than conventional vaccines such as rapid development
and higher immune response (3). However, some medical reports suggest that COVID-
19 mRNA vaccines may cause some rare side effects; it has been revealed that some
patients may develop myocarditis after COVID-19 immunization. Myocarditis is a
heterogeneous cardiac disease that is defined as the inflammation of the muscular layer
of the heart, the myocardium, principally due to a viral infection (4). Moreover, the
diagnosis of myocarditis is usually assessed under the Lake Louis criteria (CLL). Positron
emission tomography/computed tomography (PET/CT), electrocardiography (ECG),
echocardiography, plasma tests, endomyocardial biopsy (EMB) and cardiac magnetic
resonance imaging (CMR) are among the modalities for diagnosis of myocarditis, the
latter being the most preferred technique (4,5,6). Furthermore, viral myocarditis can be
asymptomatic, mild, or severe (5). In cases where myocarditis is asymptomatic, this
disease can remain undiagnosed. Whilst, mild symptoms of myocarditis may include
chest pain, chest tightness, tachycardia, and fatigue (4,5). Whereas, the most severe cases
of myocarditis may lead to dilated cardiomyopathy, cardiac arrest, arrythmias, acute heart
failure and even death (4,5). Acute myocarditis is a subclassification of the disease which
can occur during a period of less than a month after diagnosis; acute myocarditis
symptoms are mild. While fulminant myocarditis is more severe and can cause
cardiogenic shock (4). Besides the viral pathogenesis of myocarditis, some other
aetiologias also include bacterial infections, myocardial toxins, certain drugs, and
autoimmune diseases (4). However, the pathogenic mechanism of vaccination-associated
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myocarditis is yet to be discovered. Some researchers believe that the mRNA vaccine
exposure might have caused this adverse response. Nevertheless, genetic defects,
environmental aspects and dietary habits may be underlying factors responsible for the
development of myocarditis. Additionally, evidence of direct myocardial involvement
has not been found until now and some authors emphasize the importance to regularly
monitor any adverse event that the mRNA vaccine could cause (7,8,9). The main goal of
this review was to critically summaries published literature to clarify the association
between myocarditis and COVID-19 vaccination, to provide a more in-depth insight of
factors that could have influenced this adverse response and evaluate the risks between
the mRNA vaccine and a COVID-19 infection.

Materials and Method

In this review article, 1 used Google Scholar search engine to find published literature
about patients diagnosed with myocarditis after COVID-19 immunization. | selected case
reports from different countries. However, my main preferences were articles written in
English. All mRNA vaccine brands included in this review were Pfizer-BioNTech,
Moderna and AstraZeneca. I used “COVID-19”,” myocarditis”, “vaccination”, “case
report” keywords to select articles from 2021 to 2022. To obtain the results for this
review, | only chose primary sources and excluded books, secondary papers, and other
review articles. My results were narrowed down by gathering case reports of laboratory-
confirmed myocarditis cases. | ended up selecting 15 articles that met the searching
criteria. Some of the information that | gathered were demographics, ECG, CMR, ECHO,
EMB, troponin and CRP laboratory results and all this data was collected into Microsoft
Excel spreadsheets.

Results

The results evaluated in this review included case reports from: USA, South Korea, Japan,
Germany, Iran, France, Morocco, and Israel. Furthermore, out of 50 hospitalized patients
that took part in this review, only 3 were female (6%) and 47 patients were male (94%).
Therefore, there seems to be a predisposition to suffer from vaccine-related myocarditis
in males among this population dataset (8-22). Furthermore, the mean age was 25.6 years
old, the mode was 23 years old, and the median age was 24.5 years old. Thus, vaccination-
associated myocarditis tends to affect more young adults in general. Additionally, 77.5%
of cases started presenting symptoms of myocarditis after receiving the 2" dose, whereas
patients who received the 1% dose (20.4%) started having symptoms such as chest pain
and fever, and there was only one patient who had the 3" dose (2.04%) and began noticing
some adverse effects (8-22). Hence, most people are more propense to start developing
symptoms for myocarditis after taking the 2" dose of the COVID-19 vaccine. On the
other hand, about 78% of individuals diagnosed with myocarditis were otherwise healthy,
20 of them have had elevated level of fitness, with neither previous history of cardiac
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diseases nor family history of myocarditis. Nevertheless, 20 % of patients suffered from
other comorbidities that consist of the following: obesity, high blood pressure, Crohn’s
disease, Sjogren’s syndrome, gastroesophageal reflux disease, vasovagal syncope, and

previous COVID-19 infection (8-22).

Table 1.

Demographics of patients diagnosed with vaccine-related myocarditis

Case Gender and Days to
report  Author/Year of number of Type of COVID-19 symptom
# publication: Country:  patients: Age: vaccine: Medical History: Dosage:* Symptoms:  onset: Treatment: Outcome:
beta-hlocker
medication, non-
Albertetal., Chest pain, fever, steroidal anti-
1 2021 (8) USA 1 Male 24 Moderna Healthy 2nd dose  chills, body aches ~ 4days inflammatory ~ Unknown
2nd dose in
All were healthy except 20 patients
Montgomery etal., Median 7 Pfizer-BioNTech  for 3 patients with prior and 1st dose Chest pain, 16 patients
2 2021 (9) USA  23Males age25 and16 Moderna ~ COVID-19infection  in3cases palpitations, dyspnea 4 days unknown recovered
Choietal.,
3 2021(10) South Kores 1 Male 22 Pfizer-BioNTech  High blood pressure  1st dose Chest pain 5 days N/A Deceased
Schmitt et al.,
4 2021 (11) France 1 Male 19 Pfizer-BioNTech Healthy 2nd dose  Chest pain, dyspnea  3days ~ No medication ~ Recovered
2 Healthy, 1 with family
history of myocardial
infarction and 1 with
Sjogren syndrome +  three 2nd beta-blocker
Nunnetal., 3Malesand Median = 3 Pfizer-BioNTech history of dosesand ~ Chest pain, fever, Median5 medication and
5 2022 (12) Germany  1Female age27.5 and 1Moderna perimyocarditis ~ one 1stdose flue-like symptoms ~ days ~ ATlantagonist ~Recovered
Chest pain, beta-hlocker
headache, fever, medication, ACE
Ehrlich etal., shortness of breath, inhibitor,
6 2021 (13) Germany 1 Male 40 Pfizer-BioNTech Healthy 1st dose dyspnea 6 days unfractionated Recovered
1 Crohns disease case, 1
obesity case and 1
Onderko etal., Median 2 Pfizer-BioNTech  gastroesophageal reflux - 2nd dose in Median 3 beta-hlocker and
7 2021 (14) USA 3Males age28  and 1 Moderna disease case all cases Chest pain days  activity restriction Recovered
nonsteroidal anti-
Nagasaka et al., inflammatory
8 2022 (15) Japan 1 Male 23 Pfizer-BioNTech Healthy 2nddose  Chestpain, fever ~ 3days drug Recovered
three 2nd angiotensin-
Watanabe et al., Median 1 Pfizer-BioNTech dosesand ~ Chest pain, fever, Median4 converting
9 2022 (16) Japan 4Males 245 and 3 Moderna Healthy one 1st dose fatigue days  enzyme inhibitor  Recovered
omeprazole,
Mengeshaetal., Palpitations and bisoprolol,
10 2022 (17) Israel 1 Female 43 Pfizer-BioNTech Obesity 3rddose  shortness of breath 2 days  ramipril, Recovered
Mimouni et al., Asthenia, headache, Corticosteroid
11 2022 (18) Morocco 1 Male 14 Pfizer-BioNTech Healthy unknown fever 10 days treatment, Recovered
Corticosteroid
pulse treatment,
Hoshino etal., Healthy, no family intravenous
12 2022 (19) Japan 1 Male 27 Moderna history of heart disease ~ 1stdose ~ Chest pain, fatigue =~ 8 days  immunoglobin Deceased
Mouch etal., Median 5 cases and Median  inflammatory
13 2021 (20) Israel 6Males age23  Pfizer-BioNTech ~ Healthy inallcases  1stin one Chest pain 3.5 days drug and Recovered
Tachycardia, Carvedilol,
Hassanzadeh et al., dyspnea, fatigue, rivaroxahan,
14 2022 (21) Iran 1 Female 2 AstraZeneca Vasovagal syncope 1st dose palpitations 3 months  captopril, Recovered
Yamamoto et al.,
15 2022 (22) Japan 1 Male 13 Pfizer-BioNTech Healthy 2nd dose Chest pain 3days  Nomedication ~ Recovered

* The dosage administered after the symptoms for myocarditis were first noticeable
* LVEF, Left ventricular ejection fractions
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Table 1, summaries demographic characteristics of 50 patients who were hospitalized
after being vaccinated against COVID-19. Two hospitalized patients died, and the rest
recovered in a few days after hospital admission. Follow ups were requested and
prescription medication were given in some cases to see how the cases evolve over time
after discharge.

Table 2.
Laboratory results of hospitalized patients diagnosed with vaccination-related
myocarditis
Case PCR test for COVID-19
report# Troponin Levels: CRP Levels:  ECG: & other viruses:* CMR: ECHO: EMB:
1 Elevated Elevated ~ Abnormal  Negative inall cases ~ Abnormal Normal N/A
19 abnormal Abnormalin
Elevated in all and 4 normal 8 cases, the 19 patients had LVEF >50%
2 cases N/A cases Negative inall cases ~ restwere  and 4 had LVEF <50% N/A
3 unknown unknown  Abnormal N/A unknown unknown abnormal
4 Elevated Elevated ~ Abnormal Negative in all cases ~ Abnormal LVEF >50% N/A
abnormal in
5 Elevated Elevated ~ Abnormal ~ Negativeinallcases = Abnormal ~ LVEF>50% inall cases 2 cases
6 Elevated Elevated ~ Abnormal  Negative inall cases ~ Abnormal LVEF <50% abnormal
7 Glevated inall casecvated inallca  Abnormal ~ Negative inall cases ~ Abnormal ~ LVEF >50% in all cases N/A
8 Elevated Elevated ~ Abnormal  Negative inall cases ~ Abnormal unknown abnormal
Normalin 3
Elevated inall ~ Elevatedin  casesand 1 3 cases of LVEF >50% and
9 cases all cases  abnormal case = Negative inall cases ~ Abnormal 1 case of LVEF <50% N/A
10 Elevated Elevated ~ Abnormal  Negative inall cases ~ Abnormal LVEF <50% abnormal
1 Elevated Elevated ~ Abnormal ~ Negative inall cases ~ Abnormal LVEF >50% N/A
12 Elevated N/A Abnormal  Negative in all cases N/A LVEF <50% abnormal
13 Elevated Elevated ~ Abnormal  Negativeinallcases = Abnormal ~ LVEF >50% in all cases N/A
14 Normal Normal Normal Negative in all cases N/A LVEF >50% N/A
15 Elevated Elevated =~ Abnormal Negative in all cases ~ Abnormal LVEF >50% N/A

*QOther additional PCR tests were performed for the following viruses: coxsackies virus,
hepatitis A, B and C, parvovirus B19, Epstein-Barr virus, adenovirus, influenza, herpes
simplex virus 1 and 2, and HIV.

Table 2 summarizes the laboratory results of 50 patients diagnosed with myocarditis after
COVID-19 immunization. The two main biomarkers that are covered in this review were
troponin and CRP levels. This table also includes electrocardiogram (ECG),
echocardiogram (ECHO), cardiac magnetic resonance imaging (CMR) and
endomyocardial biopsies (EMB) results.
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Treatment for myocarditis included medication to improve the heart function; patients
were treated with beta-blockers, non-steroidal anti-inflammatory drugs (NSAIDs), and
corticosteroids drugs. Some other therapeutic treatment options were ACE inhibitors,
angiotensin-converting enzyme inhibitor, omeprazole, bisoprolol, ramipril and activity
restriction was also recommended (8-22). Even though prognosis is good with majority
of patients have been recovered in a few days after hospital admission (96%), only 2
patients died (4%). On average, it takes approximately 4 days for patients to start showing
symptoms of myocarditis after vaccination. In addition, hospitalized patients often had
the following symptoms: chest pain, fever, palpitations, fatigue, and dyspnea (8-22).
Moreover, PCR tests were performed and all of them were negative for SARS-COV-2 in
all patients that took part in this review. Additional PCR test results for other viruses such
as influenza and coxsackies virus were also negative, ruling out other possible aetiologias
of myocarditis. In most cases, echocardiography (ECHO) results showed that the left
ventricular ejection fraction (LVEF) was greater than or equal to 50% (8-22). While
electrocardiogram (ECG) results revealed some abnormalities such as: paroxysmal
atrioventricular block, lateral ST elevations in V3-V6 and in some cases there were no
signs of acute ischemia. While most cardiac magnetic resonance imaging (CMR) results
with late gadolinium enhancement showed a superimposed oedema. In most cases,
myocarditis was confirmed after these results met the Lake Louis criteria for myocarditis.
Most reports based their diagnosis of myocarditis based on the CMR results and troponin
and C-reactive protein levels. Thus, CMR proved to be the most efficient technique for
diagnosis, and it was conducted in most cases. Furthermore, endomyocardial biopsy
(EMB) is still considered the gold standard for diagnosis but it is not a routine procedure;
EMB was performed in only 6 out of 15 case reports that were analyzed in this review (8-
22).

Discussion

In the literature data, many case reports rely on serological tests to evaluate biomarkers
levels. Biomarkers have been particularly useful for research, management, diagnosis,
and treatment of diseases. For this reason, this review article is focused on two biomarkers
in particular; it appears that troponin | and C-reactive protein (CRP) levels are good
inflammatory markers for the diagnosis of myocarditis. The rise in troponin | levels may
suggest myocardial injury or damage which in turn can lead to myocarditis (5). For
instance: as Albert et al., discuses in his study, a 24-year-old male patient with no previous
history of heart disease was diagnosed with myocarditis after receiving the second dose
of the Moderna COVID-19 vaccine. It was found that the patient had elevated levels of
troponin I: 18.94 ng/mL, while normal levels of troponin I are between 0.01 to 0.04
ng/mL. In addition, it was also discovered that the patient had elevated levels of C-
reactive protein (CRP): 26.4 mg/L, whereas normal levels of CRP are regularly <10.0
mg/L (8). As it can be seen from table 2., the same pattern was observed in the rest of the
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other case reports that took part of this review where troponin and CRP levels were all
elevated, except of only one case report where troponin and CRP levels were normal (8-
22). For this reason, these two biomarkers could be extremely helpful for diagnosis of
myocarditis. Even though myocarditis was accredited to the mRNA vaccine in this case,
the research responsible for this study failed to evaluate other underlying factors. For
instance: genetic and environmental factors were not taken into consideration. No
information on dietary habits, physical activity, or other comorbidities were provided.

Some evidence suggests that genetic and environmental factors may induce the
development of myocarditis in some clinical studies (23). It has been revealed that
individuals with family history of heart disease will be more prone to suffer from a cardiac
disease throughout their life span. In addition, defects in genes (such as TTN, DSP, and
Dystrophin) that encode for structural proteins are strongly associated with cardiac
diseases. These genetic mutations make individuals more susceptible to myocarditis.
Moreover, environmental factors such as chemotherapy, pregnancy, physical activity, and
alcohol consumption are linked to the development of myocarditis and cardiomyopathy
(23). There is one case which was included in this review of a 27-year-old professional
athlete who died suddenly of fulminant myocarditis after COVID-19 vaccination. This
death was attributed to athlete’s heart and fatal arrythmia with myocarditis happening
afterwards (19). Therefore, physical activity is a major factor for this adverse outcome.
Besides, numerous studies using animal models have implied the key role of genetics in
cardiac diseases. For instance: in a study by Wei et al., some mice were treated with
immune checkpoint inhibitors (ICI), which is frequently used as a cancer treatment, as a
result mice developed ICI-induced myocarditis as an adverse immune response to this
treatment. From these results, it was discovered that the Pdcd1 (which encodes for PD-1
protein) and Ctla4 (which encodes for CTLA4 protein) alleles play a significant role in
the development of fatal myocarditis due to interactions between CTL4 and PD-1 proteins
(24). Furthermore, another animal model-based study points out that the M2 gene, which
encodes for capsid protein, is another causal factor of fatal myocarditis in mice (25). In
addition, human DSP variants have been associated with inherited acute myocarditis (4).
Another important finding from this review was the gender inclination to vaccination-
related myocarditis; most case reports suggests that side effects might appear to be more
predominantly in young males. Thus, there might be a possibility that exhibiting the XY
chromosome could be a predisposition to suffer from myocarditis. Since genetic testing
is not a routine procedure for diagnosis of myocarditis, we will not know for certain if
some of the case reports presented in this review may have had a genetic aetiologia. Thus,
vaccination-induced myocarditis may not be caused directly by the mRNA vaccine but
could be indirectly caused by genetic predisposition.

The benefits of a certain type of diet might be effective for the treatment of myocarditis.
Since gluten is one of the main components of processed foods and it has been associated
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with autoimmune and chronic diseases due to its proinflammatory, cytotoxic and
immunogenic properties. Following a gluten-free diet might be favorable to successfully
treat patients with autoimmune-myocarditis (26). In a study by Marcolongo et al., three
pediatric patients with autoimmune-induced myocarditis were treated with
immunosuppressive therapy (IT) accompanied by a gluten-free diet. After following this
treatment, patients showed some considerable improvement in their health (27).
Moreover, another author also highlights the importance of diet in a case report where a
patient was hospitalized after showing symptoms of myocarditis. As Myrmel et al. argues,
a CD-associated myocarditis case was managed by making the patient follow a glute-free
diet regimen and a heart failure treatment; after a 4-month follow-up, the patient stopped
having chest pain and dyspneal was less frequent (28). On the other hand, some dietary
deficiencies might be detrimental, and they could exacerbate the severity of the disease
in some individuals. As discussed by Favere et al., a vitamin E and selenium-deficient
diet might aggravate the severity of viral myocarditis in mice models; it was further
revealed that diet may affect both the virus and the host by altering the virus genetic
makeup (29). Furthermore, deficiency of vitamin D may influence the inflammation of
the myocardium. Enayati et al., details the findings of a laboratory experiment using
vitamin D in mice models with autoimmune-induced myocarditis. Consequently, vitamin
D repressed cardiac inflammation while ameliorating cardiac function. These results
could have been attributed to the vitamin D’s anti-inflammatory properties (30). In
addition, taking certain drugs may have a negative impact in certain cases. For example:
non-steroidal medications were prescribed in two of the case reports that took part of this
review. Non-steroidal anti-inflammatory drugs (NSAIDs) are not recommended for
treatment of myocarditis because these drugs may have the potential to cause renal
impairment that could aggravate the condition of the patients. Furthermore, anti-viral
agents such as remdesivir and lopinavir have not shown any significant effect in reducing
duration of hospital stay and mortality rates (7). Thus, dietary habits have an important
impact in the prevention and treatment of myocarditis.

The results of this review also indicate that 26 individuals took the Pfizer-BioNTech
vaccine (52%), whereas 23 patients were immunized with the Moderna vaccine (46%)
and there is only one patient who received only one dose of the AstraZeneca vaccine (2%)
(8-22). The BNT162b2-mRNA (Pfizer-BioNTech) vaccine proved to be highly effective
in some medical reports. Polack et al, argues that the BNT162b2-mRNA vaccine is 95%
effective in successfully providing protection against COVID-19 for everyone 16 years
of age and older. Furthermore, clinical trials revealed that the vaccine is safe after a 2-
month of postvaccination follow-up (31). These results were consistent with another
study by Thomas et al, which emphasizes that the vaccine is safe, but it gradually loses
its efficacy over time. On the other hand, there were a few cases where the vaccine showed
some adverse effects, an equivalent ratio of deaths was found between the vaccinated
group and the placebo group in a clinical study, and these adverse effects were not
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attributed to the vaccine (32). Whereas the mRNA-1273 (Moderna) vaccine has an
efficacy of 92.7% in preventing symptomatic COVID-19 for everyone 18 years of age
and older. Adverse events of the Moderna vaccine were muscle pain, joint pain, and
headache. The author of this study also points out that more severe cases with diagnosed
myocarditis occurred with an incidence of 65.7 cases per 1 million doses of Moderna
COVID-19 vaccine (33). Furthermore, in a study by Montgomery et al., it was detailed
some clinical cases of vaccination-associated myocarditis in members of the US military
where it was found that 23 male patients developed myocarditis after 2.8 million doses of
the COVID-19 vaccine were administered (9). Hence, myocarditis cases are rare among
vaccinated recipients and these few cases may not even be related to vaccine exposure.

The pathogenesis of vaccination-related myocarditis is not well known. However, some
mechanisms were proposed by some researchers. For instance, Hassanzadeh et al.,
suggests that inflammation of the myocardium may have been caused by abnormal
apoptosis and cross-reactive anti-idiotype antibodies. It also has been theorized that the
COVID-19 vaccine produces an immune response that could cause autoimmune-
myocarditis (21). Moreover, Mengesha et al., argues the possibility of molecular mimicry
between the SARS-CoV-2 virus spike protein and a cardiac protein that could have
triggered an acquired or innate immune response (17). In addition, using animal models
to design a study that could help us understand the pathogenic mechanism of vaccination-
associated myocarditis might be extremely useful. Therefore, to better understand the
pathogenesis of vaccination-induced myocarditis, more research must be done.

Finally, it is also important to compare and evaluate the possible risks between a COVID-
19 infection and the risks of suffering from myocarditis as a side effect of vaccination.
The risks of suffering from a COVID-19 infection are still very appalling; some patients
with increased disease severity after being infected with COVID-19 are more likely to be
hospitalized with mechanical ventilation support for several days, many others are left
with some sequelae and some patients might have a higher risk of death. Furthermore,
Nunn et al., argues that vaccination may increase the risk of developing myocarditis (12)
On the contrary, as Wallace et al. discussed the vaccine significantly lowers the risk of
COVID-19-related hospitalization by 95.9% and the probability of adverse effects is
extremely low compared to a COVID-19 infection (33). Some of the most common
adverse events after vaccination include muscle pain, headache, chills, fatigue, and fever.
Myocarditis being far less common among vaccine recipients; according to a British
study, there is an approximate incidence of 1 to 10 per 1,000,000 people who can develop
myocarditis after vaccination, compared to an incidence of 40 per 1,000,000 cases with
myocarditis after a COVID-19 infection which is a much higher ratio. Another study
reveals that 136 individuals developed myocarditis out of 1.5 million people who were
vaccinated against COVID-19 in Israel; this study also points out that the symptoms that
people had were mostly mild (12). Therefore, the risks of a COVID-19 infection are by
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far more catastrophic than the drawbacks of getting vaccinated. There is a higher chance
to develop myocarditis because of a SARS-CoV-2 infection than after receiving the
mRNA COVID-19 vaccine.

This review had some limitations. Since I did not have access to more databases, | only
use Google Scholar to find my results. Most of the literature analyzed in this review was
open-accessed and my results were limited to budget. Nonetheless, the use of Web of
Science, PubMed and other search engines could have more helpful to increase the scope
of my investigation. On the other hand, the clinical trials that monitored the efficacy of
the COVID-19 vaccine were all blinded and selected their participants randomly. Hence,
these results are reliable and excluded the possibility of bias. Furthermore, it could have
been more advantageous to collaborate with other specialized researchers in the field to
have a more in-dept analysis and evaluation of results. Therefore, a collaboration with
other researchers, it is highly recommended.

Conclusion

e In conclusion, the benefits of vaccination against COVID-19 outweighs the
adverse effects of a possible SARS-CoV-2 infection. Myocarditis is a rare
complication which has a low incidence among vaccine recipients and this adverse
event might not be directly associated with the mRNA vaccine. Several studies
have shown that there are genetic, environmental, and dietary factors that we must
take into consideration before deducting this disease aetiologia. Moreover, it is
suggested that we keep monitoring the vaccine efficacy and any side effects.
Further research needs to be done to investigate the possible pathogenesis of
vaccination-related myocarditis. The administration of the mRNA COVID-19
vaccine is still recommended to fight the COVID-19 pandemic.
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