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Resumen Los avances en las terapias convencionales y el desarrollo de nuevas terapias contra
el cancer han conducido a un mejor pronodstico y han generado un aumento continuo de los
supervivientes. Sin embargo, las tasas de morbilidad y mortalidad por enfermedades cardiovas-
culares han aumentado debido a los efectos secundarios directos e indirectos del tratamiento.
Por tanto, el enfoque de manejo ya no esta dirigido Unicamente a la superacion de la malig-
nidad, sino que se hace hincapié en la identificacion temprana y el manejo de los posibles
efectos secundarios. En este sentido, la ecocardiografia es fundamental para el seguimiento
estrecho de los pacientes; especificamente la deformacion miocardica (strain miocardico) se
ha convertido en una herramienta para identificar de manera temprana a los pacientes con
cardiotoxicidad por quimioterapia. En esta revision de la literatura se evalla el papel de la
deformacion miocardica en cuanto a su uso potencial para detectar cambios subclinicos en la
funcion cardiaca y evaluar el pronostico debido a cardiotoxicidad por quimioterapia.

© 2018 Sociedad Colombiana de Cardiologia y Cirugia Cardiovascular. Publicado por Else-
vier Espafa, S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

The role of myocardial strain imaging in chemotherapy-induced cardiotoxicity

Abstract The advances in conventional therapies and the development of new ones against
cancer, has led to a better prognosis, and a continuous increase in survivors. However, the
morbidity and mortality rates of cardiovascular diseases have increased due to the direct and
indirect effects, or both, of the treatment. Thus, the management approach is not now solely
directed on overcoming the malignancy, but emphasis is also placed on the early identification
and management of any secondary effects. For this reason, echocardiography is essential for
the close follow-up of the patients, myocardial strain imaging, in particular, has become a tool
for the early identification of patients with chemotherapy-induced cardiotoxicity. In this review,
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the role of myocardial strain imaging is evaluated as regards its potential use in detecting sub-
clinical changes in cardiac function, as well as to evaluate the prognosis due to chemotherapy-

induced cardiotoxicity.

© 2018 Sociedad Colombiana de Cardiologia y Cirugia Cardiovascular. Published by Else-
vier Espana, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduccion

En las Ultimas décadas, la mortalidad por cancer ha dis-
minuido debido al desarrollo de una mejor deteccion, asi
como al avance en pruebas de diagndstico y terapias mas
efectivas. Sin embargo, las tasas de morbilidad y mortalidad
cardiovascular han aumentado de forma simultanea debido a
los efectos secundarios directos e indirectos del tratamiento
contra el cancer'. Pese a ello, esta mejoria en la super-
vivencia del cancer ha llevado a un mayor reconocimiento
de los efectos tardios de la cardiotoxicidad asociada con su
tratamiento, incluida la disfuncion ventricular izquierda, la
insuficiencia cardiaca y la enfermedad cardiaca coronaria, y
por ende se ha adquirido conciencia sobre la carga creciente
asi como de las complicaciones cardiovasculares derivadas
del tratamiento para el cancer.

Historicamente la principal estrategia para identificar a
los pacientes que presentan cardiotoxicidad por quimiote-
rapia se fundamenta en la ecocardiografia basal, previa al
inicio del tratamiento y posteriormente durante el segui-
miento. El objetivo principal es detectar aquellos pacientes
con disminucion de la fraccién de eyeccion del ventriculo
izquierdo (FEVI) asintomatica. Sin embargo, se reconocen
importantes limitaciones de este enfoque, debido a que la
FEVI bidimensional (2 D) ha mostrado baja sensibilidad para
detectar cambios menores en la funcion cardiaca, ya que
su variabilidad esta proxima al intervalo diagnostico de car-
diotoxicidad (8-11%)%. Ademas, la disminucion de la FEVI
usualmente ocurre en una etapa tardia, en un punto donde
la recuperacion de esta y la reduccion de eventos cardiacos
pueden no ser alcanzables a pesar del tratamiento agresivo
de la falla cardiaca. Como resultado, se han evaluado nue-
vas modalidades de imagenes para la deteccion temprana de
la disfuncion cardiaca, entre ellas el strain bidimensional,
objetivo de esta revision.

Cardiotoxicidad

Es el conjunto de enfermedades cardiovasculares derivadas
de los tratamientos contra el cancer, entendidas como dis-
funcion ventricular izquierda, sindrome de falla cardiaca,
enfermedad coronaria, anomalias valvulares, enfermedad
pericardica, hipertension y arritmias. Sin embargo, una de
las complicaciones mas frecuentes es la disfuncion ven-
tricular secundaria a cardiotdxicos. Recientemente se ha
publicado un consenso de la Sociedad Espafola de Cardio-
logia, Oncologia, Radioterapia y Hematologia®, en el que se
define cardiotoxicidad como una reduccién de la FEVI> 10

puntos porcentuales respecto al valor basal, con FEVI infe-
rior al limite normal. La Sociedad Europea de Cardiologia
identifica un valor de FEVI del 50% como punto de corte
de normalidad®. Sin embargo, una FEVI en rango bajo-
normal (50-55%) aumenta de forma significativa el riesgo
de cardiotoxicidad, por lo cual la Sociedad Americana de
Ecocardiografia y la Asociacion Europea de Imagen Cardio-
vascular utilizan el 53% como limite normal® (fig. 1).

Strain miocardico

El strain es una medida de deformacion miocardica. A
medida que el corazon se contrae, el masculo se acorta en
las dimensiones longitudinales y circunferenciales (defor-
macion negativa) y se engrosa y alarga en la direccion
radial (deformacion positiva). La deformacion proporciona
una evaluacion de la funcion global y regional, pudién-
dose medir con el uso de Doppler tisular o métodos bi- y
tridimensionales®.

Strain basado en Doppler tisular

Tiene las mismas limitaciones que la ecocardiografia Doppler
tradicional (es decir, dependencia de angulo), y es sensible
al ruido de la sefal y a los movimientos de rotacion y de
traslacion®.

Strain bidimensional (speckle tracking)

La relativa independencia del angulo, la capacidad de eva-
luar el strain en dos dimensiones, hacen de esta técnica
atractiva en comparacion con el strain basado en Doppler
tisular. El speckle tracking bidimensional (ST 2D) es una
herramienta de imagen de eleccion actual para la detec-
cion de la disfuncion cardiaca subclinica®. Kocabay et al.
informaron que el limite inferior de la normalidad es de -
16,9% en los hombres y de - 18,5% en mujeres’. En el estudio
JUSTICE?, no se logré un valor estandarizado de normalidad
para tres equipos diferentes, por lo cual se establecieron los
rangos segun el software utilizado. Cheng et al. observaron
una excelente reproducibilidad del ST 2 D cuando fue hecho
por operadores entrenados’; por consiguiente se requiere
una curva de aprendizaje y entrenamiento, asi como moni-
torizacion de la calidad (es decir, variabilidad entre pruebas
intra- e interobservador) para obtener resultados buenos y
confiables.
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Figura 1  Algoritmo diagnostico cardiotoxicidad. Modificada de Cardio-oncologia en la practica clinica. Documento de consenso y

recomendaciones?.

La limitacion mas importante de ST-2D en la practica
clinica es la variabilidad existente entre los diferentes fabri-
cantes. Farsalinos et al.’?, compararon las mediciones de
SLG con 9 equipos de distintos fabricantes, reportando un
valor absoluto de SLG medio de -18,0% hasta -21,5% con una
diferencia maxima entre los diferentes fabricantes del 3,7%
unidades de strain, mostrando una correlacion fuerte entre
si; sin embargo, las diferentes sociedades y las guias mas
recientes, aln recomiendan utilizar la misma maquina de
fabricante y la misma version de software para la evalua-
cion en serie del SLG, ya que las diferencias son moderadas,
pero estadisticamente significativas.

Strain y disfuncion subclinica del ventriculo
izquierdo

Se ha demostrado que el cambio del valor del strain mio-
cardico en diferentes momentos, es mas sensible que la
fraccion de eyeccion en la deteccion de disfuncién cardiaca
subclinica, siendo el SLG sistolico maximo el parametro
mas sensible de los marcadores de deformacién. Fallah-Rad
et al."" evaluaron 42 pacientes con cancer de mama que
sobreexpresaban HER-2 y que recibieron trastuzumab des-
pués del tratamiento con antraciclinas. En un lapso de tres
meses, la variacion del pico del strain longitudinal y radial
global detectdé cambios preclinicos en la funcion sistélica del
ventriculo izquierdo antes de que se observara una disminu-
cion de la fraccion de eyeccion. Kang et al.'? reportaron
un SLG significativamente reducido, mientras que la FEVI
se mantuvo dentro de los limites normales hasta finalizar
la quimioterapia. Narayan et al.'* analizaron prospectiva-
mente los cambios ecocardiograficos en la estructura y la
funcion del ventriculo izquierdo en 277 mujeres con can-
cer de mama tratadas con doxorrubicina o trastuzumab. Los
cambios precoces en la deformacion miocardica se asocia-
ron con deterioro de la funcion ventricular asi como con
insuficiencia cardiaca sintomatica en el seguimiento (fig. 2).

Ademas, el strain ha demostrado predecir la apari-
cién posterior de cardiotoxicidad. Una revision sistematica

reciente por Thavendiranathan et al." publicada en 2014,
en 21 estudios revisados por pares, evalud el papel de los
indices de deformacion por ecocardiografia (strain, strain
rate, torsion) en la deteccion de la disfuncion ventricular
izquierda subclinica en pacientes tratados por cancer. En
esta revision describieron los parametros de deformacion
en 1.504 pacientes durante o después de la quimiotera-
pia del cancer para tres escenarios clinicamente relevantes.
Todos los estudios incluidos en la revision demuestran que
las alteraciones de la deformacion miocardica preceden a un
cambio significativo en la FEVI, reportando que una reduc-
cion temprana de 10 a 15% en SLG por ST-2D durante la
terapia parece ser el parametro mas Util para la prediccion
de cardiotoxicidad. En consecuencia, la revision sistema-
tica confirma el valor de los parametros de deformacion
miocardica ecocardiografica para la deteccion temprana
de cambios miocardicos y la prediccion de cardiotoxici-
dad en pacientes que reciben terapia contra el cancer.
Recientemente, Charbonnel et al." evaluaron la deforma-
cion miocardica como factor predictor de cardiotoxicidad
en 86 pacientes hematologicos tratados con antraciclinas.
El 7% de la poblacion tuvo disfuncién ventricular con dosis
acumuladas de 150mg/m? y un valor de strain longitudinal
global < -17,45%. Este valor de strain fue el mejor predictor
de cardiotoxicidad, con sensibilidad y especificidad del 67 y
del 96%, respectivamente.

El papel pronodstico de la imagen de strain se ha eva-
luado clinicamente midiendo el SLG por debajo de un punto
de corte. En el estudio de Sawaya et al.'® en 81 mujeres
con cancer de mama tratadas con antraciclinas seguidas de
taxanos y trastuzumab, la disminucion del strain longitu-
dinal inferior al - 19% después del tratamiento inicial con
antraciclina predijo la aparicion de cardiotoxicidad con sen-
sibilidad del 74% y especificidad del 73%, y estaba presente
en todos los pacientes que desarrollaron sintomas de falla
cardiaca.

También se ha utilizado mediante la reduccion relativa
de SLG. Negishi et al."” encontraron que ASLG (reduccidn
porcentual en SLG en comparacion con la linea de base) fue
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SEG 7.5%

FEVI 54%

SLG-11.4%
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Figura 2

SLG-14.9%
FEVI 55%

SLG-18.2%
FEVI 52%

Promedio de strain longitudinal global, en una paciente de 76 aios con cancer de mama HER 2 (-) que recibi6 manejo

con antraciclinas. a) SLG basal b) SLG post quimioterapia c) Seguimiento y manejo con betabloqueadores e iecas d) Mejoria de la
funcion ventricular y SLG. Cortesia Dr. Salim Ahunada. Centro Clinico y de Investigacion SICOR. Medellin.

el predictor mas fuerte de cardiotoxicidad. El punto de corte
optimo fue una reduccion relativa del strain superior al 11%,
con sensibilidad del 65% y especificidad del 94%. Se concluyd
que una reduccion relativa del 8% no tenia importancia cli-
nica, mientras que una reduccion relativa >15% tenia una
significacion clinica definida.

Por tanto, una reduccion del porcentaje relativo en
SLG > 15% sugiere una disfuncion subclinica del ventriculo
izquierdo, que debe ser confirmado por un estudio realizado
dos a tres semanas después. Es importante tener en cuenta
que los cambios de la carga (expansion de volumen debido
a la administracion intravenosa de quimioterapia o contrac-
cion de volumen debido a vomitos o diarrea), son frecuentes
y puede afectar el valor de SLG®.

Conclusion

La terapia actual contra el cancer ha llevado a una disminu-
cion de la mortalidad relacionada con esta enfermedad, con
un aumento vertiginoso en la supervivencia a largo plazo; sin
embargo, este grupo de pacientes tienen un riesgo elevado
de cardiotoxicidad, la misma que se convierte en la princi-
pal causa de muerte y morbilidad de origen cardiovascular.
El uso de la técnica de medicion del strain miocardico puede
ser (til para detectar anomalias subclinicas en la funcion
sistolica del ventriculo izquierdo en pacientes sometidos a
quimioterapia y predecir su pronostico. A pesar de las ven-
tajas del strain sobre la evaluacion de la FEVI, es necesario
admitir que tiene varias limitaciones, una de ellas es que

hasta el momento, se debe medir y realizar el seguimiento
en la misma maquina de fabricante y el mismo software. Adi-
cionalmente, es importante que se hagan en laboratorios de
ecocardiografia especializados, con una adecuada curva de
aprendizaje y monitorizacion de la calidad, a fin de obtener
resultados buenos y confiables.

Conflicto de intereses

Ninguno.

Bibliografia

1. Hooning MJ, Botma A, Aleman B, Baaijens M, Bartelink H, Klijn
J, et al. Long-term risk of cardiovascular disease in 10-year sur-
vivors of breast cancer. JNCI: Journal of the National Cancer
Institute. 2007;99:365-75.

2. Thavendiranathan P, Grant AD, Negishi T, Plana JC, Popovic ZB,
Marwick TH. Reproducibility of echocardiographic techniques
for sequential assessment of left ventricular ejection fraction
and volumes: application to patients under- going cancer che-
motherapy. J Am Coll Cardiol. 2013;61:77-84.

3. Lopez-Fernandez T, Martin Garcia A, Santaballa Beltran A,
Montero Luis A, Garcia Sanz R, Mazon Ramos P, et al.
Cardio-onco-hematology in clinical practice Position paper
and recommendations. Rev Esp Cardiol (Engl Ed). 2017;70:
474-86.

4, Zamorano JL, Lancellotti P, Rodriguez Munoz D, Aboyans V,
Asteggiano R, Galderisi M, et al. 2016 ESC Position paper on
cancer treatments and cardiovascular toxicity developed under


http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0090
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0095
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0100
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105

90

E. Arévalo Guerrero, G. Restrepo Molina

10.

1.

the auspices of the ESC Committee for practice guidelines:
the task force for cancer treatments and cardiovascular toxi-
city of the European Society of Cardiology (ESC). Eur. Heart J.
2016;37:2768-801.

. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie

M, et al. Expert consensus for multimodality imaging evaluation
of adult patients during and after cancertherapy: a report from
the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging. 2014;15:1063-93.

. Plana JC. Detection by cardiac Imaging: LV Ejection, Diastolic

dysfunction, Tissue doppler and Speckle Tracking Echocardio-
graphy, Anti-cancer Treatments and Cardiotoxicity. 15 edition.
London: Elsevier; 2017.

. Kocabay G, Muraru D, Peluso D, Cucchini U, Mihaila S,

Padayattil-Jose S, et al. Normal left ventricular mechanics
by two-dimensional speckle-tracking echocardiography Refe-
rence values in healthy adults. Rev Esp Cardiol (Engl Ed).
2014;67:651-8.

. Takigiku K, Takeuchi M, Izumi C, Yuda S, Sakata K, Ohte N, et al.

Normal range of left ventricular 2-dimensional strain: Japa-
nese Ultrasound Speckle Tracking of the Left Ventricle (JUSTICE)
study. Circ J. 2012;76:2623-32.

. Cheng S, Larson MG, McCabe EL, Osypiuk E, Lehman BT, Stan-

chev P, et al. Reproducibility of speckle-tracking-based strain
measures of left ventricular function in a community-based
study. J Am Soc Echocardiogr. 2013;26:1258, 66e2.

Farsalinos KE, Daraban AM, Unlii S, Thomas JD, Badano
LP, Voigt JU. Head-to-head comparison of global longitudi-
nal strain measurements among nine different vendors: the
EACVI/ASE inter- vendor comparison study. J Am Soc Echocar-
diogr. 2015;28:1171-8100.

Fallah-Rad N, Walker JR, Wassef A, Lytwyn M, Bohonis S, Fang
T, et al. The utility of cardiac biomarkers, tissue velocity and

12.

13.

14.

15.

16.

17.

strain imaging, and cardiac magnetic resonance imaging in pre-
dicting early left ventricular dysfunction in patients with human
epidermal growth factor receptor Il-positive breast cancer trea-
ted with adjuvant trastuzumab therapy. J Am Coll Cardiol.
2011;57:2263-70.

Kang Y, Xu X, Cheng L, Li L, Sun M, Chen H, et al. Two-
dimensional speckle tracking echocardiography combined with
high-sensitive cardiac troponin T in early detection and predic-
tion of cardiotoxicity during epirubicine based chemotherapy.
Eur J Heart Fail. 2014;16:300-8.

Narayan HK, Finkelman B, French B, Plappert T, Hyman D, Smith
AM, et al. Detailed echocardiographic phenotyping in breast
cancer patients: associations with ejection fraction decline,
recovery, and heart failure symptoms over 3 years of follow-up.
Circulation. 2017;135:1397-412.

Thavendiranathan P, Poulin F, Lim KD, Plana JC, Woo A, Marwick
TH. Use of myocardial strain imaging by echocardiography for
the early detection of cardiotoxicity in patients during and after
cancer chemotherapy: a systematic review. J Am Coll Cardiol.
2014;63 25 Pt A:2751-68.

Charbonnel C, Convers-Domart R, Rigaudeau S, Taksin AL, Baron
N, Lambert J, et al. Assessment of global longitudinal strain at
low-dose anthracycline-based chemotherapy, for the prediction
of subsequent cardiotoxicity. Eur Heart J Cardiovasc Imaging.
2017;18:392-401.

Sawaya H, Sebag IA, Plana JC, Januzzi JL, Ky B, Tan TC,
et al. Assessment of echocardiography and biomarkers for the
extended prediction of cardiotoxicity in patients treated with
anthracyclines, taxanes, and trastuzumab. Circ Cardiovasc Ima-
ging. 2012;5:596-603.

Negishi K, Negishi T, Hare JL, Haluska BA, Plana JC, Marwick
TH. Independent and incremental value of deformation indices
for prediction of trastuzumab-induced cardiotoxicity. J Am Soc
Echocardiogr. 2013;26:493-8.


http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0105
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0110
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0115
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0120
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0125
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0130
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0135
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0140
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0145
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0150
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0155
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0160
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0165
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170
http://refhub.elsevier.com/S0120-5633(18)30149-9/sbref0170

	Rol del strain miocárdico en cardiotoxicidad por quimioterapia
	Introducción
	Cardiotoxicidad
	Strain miocárdico
	Strain basado en Doppler tisular
	Strain bidimensional (speckle tracking)
	Strain y disfunción subclínica del ventrículo izquierdo

	Conclusión
	Conflicto de intereses
	Bibliografía


