ICLIAD 63 (2), 111-201, 2022 o-ISSN 0535-5133
e-ISSN 2477-9393 Volumen 63

\ [\ W/
Junio 2022

Investigacion
Clinico

Universidad del Zulia

Facultad de Medicina

Instituto de Investigaciones Clinicas
“Dr. Americo Negrette”

Maracaibo, Venezuela




Investigacion Clinica
https://sites.google.com/site/revistainvestigacionesclinicas

Revista arbitrada dedicada a estudios humanos, animales y de laboratorio relacionados con la inves-
tigacion clinica y asuntos conexos.

La Revista es de Acceso Abierto, publicada trimestralmente por el Instituto de Investigaciones Clini-
cas “Dr. Américo Negrette”, de la Facultad de Medicina, de la Universidad del Zulia, Maracaibo, Venezuela.

Investigacion Clinica esta indizada en Science Citation Index Expanded (USA), Excerpta Medica/EM-
BASE y Scopus (Holanda), Tropical Diseases Bulletin y Global Health (UK), Biblioteca Regional de Medicina/
BIREME (Brasil), Ulrich’s Periodicals, Journal Citation Reports (USA), Index Copernicus (Polonia), SIIEC Data
Bases, Seccion Iberoamérica (Argentina) e Infobase Index (India), Redalyc y las bases de datos: SciELO (www.
Scielo.org.ve), Revencyt, LILACS, LIVECS, PERIODICA y web de LUZ: http://www.produccioncientificaluz.
org/revistas

Américo Negrette
Editor Fundador (1960-1971)

Slavia Ryder
Editora 1972-1990

Editora
Elena Ryder

Asistente al Editor
Lisbeny Valencia

Comité Editorial (2022-2024)

Deyseé Almarza

Maria Diez-Ewald
Juan Pablo Herndndez
Yraima Larreal
Humberto Martinez

Jestis Mosquera
Jesus Quintero
Enrique Torres
Nereida Valero
Gilberto Vizecaino

Asesores Cientificos Nacionales (2022-2024)

Alberto Aché (Maracay)

Trino Baptista (Mérida)

Rafael Bonfante-Cabarcas (Barquisimeto)
Javier Cebrian (Caracas)

Rodolfo Devera (Ciudad Bolivar)

Saul Dorfman (Maracaibo)

Jorge Gareia Tamayo (Maracaibo)

José Golaszewski (Valencia)

Liliana Gomez Gamboa (Maracaibo)
Maritza Landaeta de Jiménez (Caracas)
Jorymar Leal (Maracaibo)

Diego Martinucci (Maracaibo)

Edgardo Mengual (Maracaibo)

Oscar Noya (Caracas)

José Nuriez Troconis (Maracaibo)
Mariela Paoli (Mérida)

Flor Pujol (Caracas)

Alexis Rodriguez-Acosta (Caracas)
Martin Rodriguez (Caracas)
Vanessa Romero (Maracaibo)
Liseti Solano (Valencia)

Lisbeth Soto (Valencia)

Marisol Soto Quintana (Maracaibo)
Herbert Stegemann (Caracas)
Ezequiel Trejo-Scorza (Caracas)

Asesores Cientificos Internacionales (2022-2024)

Carlos Aguilar Salinas (México)
Francisco Alvarez-Nava (Ecuador)
German Anez (USA)

César Cuadra Sanchez (Nicaragua)
Peter Chedraui (Ecuador)

Marcos de Donato (México)

José Esparza (USA)

Francisco Femenia (Argentina)
Hermes Florez (USA)

Elvira Garza-Gonzalez (México)
José Maria Gutiérrez (Costa Rica)
Tzasna Hernandez (México)

Carlos Lorenzo (USA)

Juan Ernesto Ludert (México)
Valdair Muglia (Brasil)
Alejandro Oliva (Argentina)
José Antonio Paramo (Espana)
Isela Parra Rojas (México)
Joaquin Pefia (USA)

Merce Pineda (Espafia)
Heberto Suarez (USA)
Rodolfo Valdez (USA)
Gustavo Vallejo (Colombia)



Para cualquier otra informacion dirigir
su correspondencia a:

Dra. Elena Ryder, Editora

Instituto de Investigaciones Clinicas

"Dr. Américo Negrette"

Facultad de Medicina, Universidad del Zulia
Maracaibo, Venesuela.

Teléfono:
+58-0414-6305451

Correos electronicos:
elenaryder@gmail.com
riclinicas@gmail.com
Pdaginas web:
https://sites.google.com/site/
revistainvestigacionesclinicas

http:/ /www.produccioncientificalus.
org/revistas

For any information please address
correspondence to:

Dr. Elena Ryder, Editor

Instituto de Investigaciones Clinicas

"Dr. Américo Negrette"

Facultad de Medicina, Universidad del Zulia
Maracaibo, Venesuela.

Phone:
+58-0414-6305451

E-mails:
elenaryder@gmail.com
riclinicas@gmail.com

Web pages:
https://sites.google.com/site/
revistainvestigacionesclinicas

http:/ /www.produccioncientificalus.
org/revistas

Universidad del Zulia
Publicacion auspiciada por el
Vicerrectorado Académico
Serbiluz-CONDES

© 2022. INVESTIGACION CLINICA
© 2022. Instituto de Investigaciones Clinicas
CODEN: ICLIAD
Version impresa ISSN: 0535-5133
Deposito legal pp 196002ZU37
Version electronica ISSN: 2477-9393
Deposito legal ppi 201502ZU4667

Artes finales:

Lisbeny Valencia

lisbenyvalencia@gmail.com



Invest Clin 63(2): 111 - 113, 2022 https://doi.org/10.54817/1C.v63n2a00

EDITORIAL

Consideraciones sobre los nuevos
tratamientos para hemofilia.

La hemofilia es una enfermedad hemo-
rragica que afecta aproximadamente a una
de cada 5 millones de personas en el mun-
do. Es causada por la mutacion de un gen
ubicado en el cromosoma X, por lo cual los
varones sufren la enfermedad, tienen hijos
varones sanos e hijas que son portadoras
obligatorias de la misma. Cursa con mani-
festaciones hemorragicas, cuya severidad de-
pende de la concentracion plasmatica de los
Factores VIII o IX de la coagulacion sangui-
nea; estas manifestaciones pueden ser tan
graves como la hemorragia intracraneal, tan
limitantes como las hemartrosis a repeticion
y tan leves que la enfermedad puede pasar
desapercibida y no descubrirse hasta que se
produzca una injuria fisica o el paciente se
someta a un estudio de coagulacion. Se co-
nocen tres tipos de hemofilia: 1a hemofilia A
por deficiencia del factor VIII, la hemofilia B
por deficiencia del factor IX y a la deficiencia
hereditaria de factor XI se la ha denominado
hemofilia C, aunque no esta ligada al sexo y
por lo general es poco severa.

El papel del factor VIII en la hemofilia
A, se conoci6 a mediados del siglo XX, y has-
ta entonces el tratamiento de las crisis he-
morragicas habia consistido principalmente
de transfusiones mds o menos frecuentes,
con todos los riesgos y dificultades que ello
implicaba. Una vez conocido que el FVIII o
el IX estaban ausentes o deficientes en la he-
mofilia, se hizo frecuente el uso de plasma
fresco congelado y del crioprecipitado. La
calidad de vida de los pacientes hemofilicos,
mejor6 con la disponibilidad de concentra-
dos de factores VIII y IX y el uso de desmo-
presina en casos mas leves. El desarrollo de

técnicas de laboratorio mas precisas para la
cuantificacion de los factores de coagulacion
y para la determinacion de anticuerpos neu-
tralizantes influy6 en una terapia mas certe-
ra; se instituy6 el tratamiento profilactico y
el uso de factor VII activado y complejo de
protrombina en los pacientes con inhibido-
res. Estos avances en el tratamiento, dismi-
nuyeron la frecuencia y severidad de las he-
morragias. Sin embargo, a pesar del enorme
beneficio de los concentrados, la necesidad
de administrarlos con frecuencia por via en-
dovenosa, sigue siendo el gran inconvenien-
te, aparte de que llevan consigo el riesgo ya
mencionado, del desarrollo de anticuerpos
contra el factor administrado, y la posibili-
dad de transmision de enfermedades infec-
ciosas tan graves como la hepatitis y el sin-
drome de inmunodeficiencia adquirida. Con
el desarrollo de los factores recombinantes,
se pudo obviar el riesgo de infecciones y me-
joré atn mas la calidad de vida del paciente,
pero siguié la necesidad de las frecuentes
transfusiones y la posibilidad de desarrollar
anticuerpos neutralizantes'=.

La busqueda del tratamiento ideal, sin
los inconvenientes mencionados, no ha cesa-
do. Es asi, como se han desarrollado los fac-
tores recombinantes de media vida alargada
(EHL-rFVIII y EHL-FIX), para disminuir la
frecuencia de las transfusiones’®; la terapia
con transferencia en el hepatocito, de ge-
nes normales adenoasociados a vectores vi-
rales, que permite la produccion endégena
del factor faltante, y por lo tanto, desaparece
la necesidad de transfusiones, puesto que se
admininistra una sola vez en la vida, por via
endovenosa?*; la inyeccion de una pequeiia
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molécula de ARN y (si RNA) que va dirigida
contra la antitrombina y que al eliminar este
importante anticoagulante natural, ayuda a
prevenir la hemorragia, con la ventaja de que
se administra por via subcutdnea®. En esta
misma direccion, de inhibir la anticoagula-
cion, se encuentra otro anticuerpo mono-
clonal, dirigido contra el inhibidor el factor
tisular de la coagulacion®’. Otro desarrollo
importante, es ¢l de un anticuerpo humani-
zado, bioespecifico, contra los factores de
coagulacion IX activado y X, que copia la ac-
tividad de cofactor del factor VIII activado.
Se administra por via subcutdnea, a pacien-
tes con hemotfilia A e inhibidores, con una
frecuencia semanal y aparentemente con po-
cos efectos secundarios®.

La mayoria de estos novedosos tra-
tamientos, se encuentra en etapa experi-
mental, algunos de ellos ya en fase III. Se
conocen algunos efectos secundarios, unos
pueden causar reacciones en el sitio de la
inyeccion, microangiopatias trombéticas, al-
teraciones de la funcion hepatica, ete. Sin
embargo, los efectos que pudieran causar
a largo plazo, especialmente en lo que con-
cierne a la terapia de transferencia de genes,
puesto que se transfiere un gen extrano que
va a permanecer en el huésped durante toda
la vida, no se conocen.

El desarrollo de estas nuevas terapias,
sin duda es altamente costoso y los laborato-
rios una vez culminada la etapa experimen-

tal y aprobado el producto, esperan recobrar
con creces la inversion. Teéricamente, el cos-
to tendria que ser asumido por el paciente.
Sin embargo, los paises con un sistema sa-
nitario bien desarrollado, poseen estrategias
para enfrentar esta situacion y el paciente
solo paga una pequeiia fraccion del costo y
a veces nada. Nuestro pais, Venezuela, tal
como lo demuestra la minuciosa revision de
Ruiz-Saez®, cuenta con hematélogos de exce-
lencia que se mantienen al dia con los nue-
vos hallazgos médicos y la evolucion de las
diferentes terapias, pero no pueden trabajar
con las manos vacias. La situacion del pa-
ciente hemofilico sigue siendo precaria, so-
bre todo si reside fuera de la capital. El tra-
tamiento profilactico ya practicamente, no
existe. A falta de concentrados de factores,
se ha vuelto a depender de los crioprecipi-
tados y el plasma fresco congelado; en otras
palabras, se ha regresado al tratamiento del
principio de la década de los anos 70 en el
siglo XX. En situaciones de emergencia, los
familiares tienen que habilitar la forma de
conseguir los concentrados en la capital del
pais, porque estos son escasos 0 no existen
en los Bancos de Sangre locales, mientras
tanto, los pacientes siguen corriendo el ries-
go de quedar incapacitados, o lo que es peor,
morir a consecuencia de una hemorragia.

Maria Diez-Ewald
ORCID 0000-0002-7161-5307
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Considerations on the new treatments for hemophilia.

The quality of life of the hemophilic patient, has improved significantly improved since
the treatment with factors VIII or IX concentrates started being applied. It was improved
further with the use of recombinant and extended half-life factor VIII and factor IX concen-
trates. Today, new therapies are emerging, that address the need of frequent intravenous
injections (mainly by the transference of a normal gene in the human hepatocyte) and the
presence of antibodies anti factors VIII or IX, or target the natural anticoagulant factors. All
of these new treatments will be expensive and probably not affordable by the poor countries
of the world. In Venezuela, the average patient with hemophilia, has great difficulty obtain-
ing human factor concentrates and has to rely on old treatments such as fresh frozen plasma
and cryoprecipitates.
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Relacion del crecimiento sagital de los
maxilares y el indice de maduraciéon cervical.

Lorena Gongdles Campoverde!, Brigitte Romero Ochod’,
Daniela Gonzdles Campoverde®, Luis Soto Cantero® y Agustin Rodrigues Soto’

"Universidad Catolica de Cuenca. Cuenca, Ecuador.
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“Raul Gonzalez Sanchez“. La Habana, Cuba.

Palabras clave: vértebras cervicales; cefalometria; crecimiento mandibular; maduracion
esqueletal.

Resumen. El crecimiento del maxilar se manifiesta de manera diferente
respecto a la mandibula, la cual se caracteriza por un desarrollo sagital mas
tardio. El objetivo de esta investigacion fue asociar el crecimiento sagital del
maxilar superior ¢ inferior con el indice de maduracion cervical en radiografias
cefilicas laterales de pacientes entre 8 a 20 anos de la ciudad de Cuenca, Ecua-
dor. Se realiz6 una investigacion con enfoque cuantitativo de tipo descriptivo,
correlacional y de corte transversal retrospectivo, con una base de datos de
10.586 radiografias cefalicas laterales. Se observo que el pico de crecimiento
inicia alrededor de los 9 afos en las mujeres y en los hombres a los 11 afios, y
este culmina a los 13 anos en el sexo femenino y entre los 14 y 17 anos en el
sexo masculino. Ademas, se determiné una correlacion baja ente el crecimiento
sagital del maxilar superior y los estadios de maduracion vertebral (r=0,338)
asi como con el maxilar inferior (r= 0,357). Finalmente, se concluyé que el
crecimiento del maxilar superior se produce en los primeros estadios de madu-
racion cervical, mientras que en el maxilar inferior el crecimiento longitudinal
se produce a partir del estadio III de maduracién cervical.

Autor de correspondencia: Lorena Gonzalez Campoverde. Calle Puerto Rico 1-92 y Av. Unidad Nacional, Ciudad de
Juenca. Ecuador. Correo electro nico: lorenagonzalezcamp@hotmail.com
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Relationship between the sagittal growth of the maxillary

and the cervical maturation index.
Invest Clin 2022; 63 (2): 115 - 125

Key words: cervical vertebrae; cephalometrics; mandibular growth; skeletal maturity.

Abstract. The growth of the maxilla manifests itself differently from the
mandible, which is characterized by a later sagittal development. The objective
of the research was to associate the sagittal growth of the upper and lower jaw
and the cervical maturation index in lateral cephalic radiographs of patients
between 8 and 20 years of age from the city of Cuenca. A descriptive, correla-
tional and retrospective cross-sectional quantitative approach was conducted
with a database of 10,586 lateral cephalic radiographs. It was observed that the
peak of growth begins around 9 years of age in women and at 11 years in men,
and culminates at age 13 in females, and between 14 and 17 years in males. In
addition, a low correlation was determined between the sagittal growth of the
upper jaw and the stages of vertebral maturation (r = 0.338) as well as with
the lower jaw (r = 0.357). Finally, it was concluded that the growth of the up-
per jaw occurs in the first stages of cervical maturation, while in the lower jaw,

longitudinal growth occurs from stage III of cervical maturation.

Recibido: 20-09-2021

INTRODUCCION

El crecimiento y desarrollo craneofacial
es un proceso evolutivo que comienza en la
etapa de fecundacion. Es derivado de una se-
rie de sucesos morfogénicos que se inician
en el segundo mes de vida intrauterina y
contintian después del nacimiento hasta los
dos anos, que es cuando el individuo presen-
ta mayor desarrollo !.

El crecimiento del maxilar se manifies-
ta de manera diferente respecto a la mandi-
bula. Esta se caracteriza por un desarrollo
sagital mas tardio que produce variaciones
en el patrén de crecimiento; tales variacio-
nes influyen en el desarrollo craneofacial ge-
nerando maloclusiones de tipo esqueletal 2.

Estudios realizados en cefalogramas de-
muestran que la radiografia cefalométrica es
una herramienta valiosa que proporciona un

Accepted: 25-01-2022

analisis preciso en cuanto al crecimiento del
maxilar y la mandibula, describiendo exten-
sas variaciones al inicio y durante el brote de
crecimiento puberal *.

La madurez esquelética de los pacien-
tes puede ser valorada a través de diferentes
indicadores biolégicos, tales como el peso
corporal, la altura, la maduracion esquelé-
tica de la mano y muiieca, el desarrollo den-
tal y la maduracion vertebral cervical, entre
otros *°. Baccetti, Franchi y McNamara han
demostrado la importancia de un diagndsti-
co previo del estado de maduracion 6sea para
tomar la decision de iniciar la intervencion
de algunas maloclusiones de consideracion,
dado que esta es una condiciéon patolégica
que puede ser de origen esqueletal en la cual
varios huesos participan en la ubicacion de
los dientes "%, Los cambios del crecimiento
normal de las estructuras 6seas del complejo

Investigacion Clinica 63(2): 2022
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maxilofacial pueden ser la base de la desar-
monia oclusal, dando como resultado las di-
ferentes clases de maloclusion, siendo estas
Clase I, Clase 11y Clase III °.

Segun Steiner, la clase esqueletal se pue-
de establecer mediante el angulo ANB, el cual
determina la relacion esquelética sagital de
los maxilares, definiendo la gravedad de la
discrepancia de los mismos !, El método de
maduracion de vértebras cervicales (CVM),
descrito por Baccetti y col., se ha estableci-
do como una técnica ampliamente confiable
para la evaluacion de las diferentes etapas en
el crecimiento de los adolescentes, ya que las
estapas de crecimiento varian significativa-
mente entre hombres y mujeres "

El ser humano experimenta constan-
temente una serie de cambios fisicos, psi-
colégicos y sociales, desde su nacimiento
hasta la muerte. El crecimiento, desarro-
llo y maduracion son el resultado de la in-
teraccion genético-ambiental que provoca
en los individuos diversos cambios en su
desarrollo; debido a esto, en la poblacién
existen personas con diferentes picos de
crecimiento y maduracion, siendo esta
rapida o tardia dependiendo de las condi-
ciones raciales, étnicas, ambientales, cos-
tumbres y situacion geografica. No existen
estudios a nivel de la poblacién cuencana
que registren estos parametros, razoén por
la cual es necesario investigar sobre el rit-
mo de crecimiento de los maxilares, sien-
do el propésito de este estudio asociar el
crecimiento sagital del maxilar superior e
inferior y el indice de maduracion cervical
en radiografias cefalicas laterales de pa-
cientes entre 8 a 20 afnos de la ciudad de
Cuenca-Ecuador.

MATERIALES Y METODOS

Se realizé una investigacion con enfo-
que cuantitativo no experimental de tipo
descriptivo, correlacional y de corte trans-
versal, retrospectivo. Previo a su realizacion
se obtuvo la aprobacion del comité de bioé-
tica de la Universidad Catoélica de Cuenca.

Para el estudio se utilizé una base de
datos de 10.586 radiografias cefilicas late-
rales provenientes del centro radiol6gico IN-
NOVA de la ciudad de Cuenca; las mismas
que fueron tomadas con el equipo radiogra-
fico digital J. Morita vera View epocs 2d, con
software i-dexel.

Para determinar la muestra se aplico
un nivel de confianza del 95%, precision del
2% y una proporcion del 5% conformando asi
un tamano muestral de 398 radiografias. Sin
embargo, se decidi6 ajustar el tamano mues-
tral a 400 radiografias.

Los criterios de inclusiéon aplicados
fueron radiografias cefilicas laterales de pa-
cientes de 8 a 22 afios de edad, ASA I, en las
cuales se observara de la primera a la sexta
vértebra cervical y que tuvieran buena niti-
dez. Se excluyeron radiografias cefalicas la-
terales no estandarizadas, no tomadas con el
mismo equipo y las provenientes de pacien-
tes que presentan ausencia de piezas denta-
les o presenten exodoncias.

Para el proceso del trazado cefalométri-
co se analizaron 10 radiografias cefalicas late-
rales diarias durante 40 dias consecutivos; las
mismas fueron evaluadas por un especialista
en el drea de ortodoncia, mediante el uso de
una computadora de escritorio tipo MacBook
Air (13-inch, Early 2015), con una tarjeta
de graficos Intel HD Graphics 6000. Para el
trazado cefalométrico se utilizé el software
Nemochep 18.86. Una vez realizada la evalua-
cion radiografica, los datos se transfirieron
a una ficha de recoleccion de datos en Excel
para su posterior analisis estadistico.

Para determinar el error en las medi-
ciones de las radiografias digitales se repitio
el andlisis de las mismas sobre el 10% de la
muestra total seleccionada aleatoriamente
y con el mismo operador, verificando asi la
coincidencia de los datos obtenidos, lo cual
se realizé tres semanas después de la prime-
ra lectura radiografica.

Técnica
Mediante el cefalograma de McNama-
ra se determiné la longitud maxilar desde

Vol. 63(2): 115 - 125, 2022
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el punto condileo (Co) que corresponde al
punto mds posterosuperior del condilo man-
dibular hasta el punto A, punto mas concavo
del maxilar superior. La longitud mandibular
se midi6 desde el punto Co hasta el punto
gnathion (Gn), punto mas anteroinferior de
la sinfisis mandibular 2.

Para determinar los estadios de madu-
racion esqueletal se aplicé el método descri-
to por Baccetti, mediante el Indice de madu-
racion cervical (CVM), basado en el analisis
de la concavidad del borde inferior y la for-
ma de los cuerpos vertébrales cervicales C2
a (4. Se establecieron 6 estadios cervicales
(CS), en los cuales el pico de crecimiento
inicia en GS3, finalizando en CS4 o 12 meses
antes. En CS3 y CS4 la anatomia de las vér-
tebras pueden tener una forma rectangular
horizontal o trapezoidal ®.

La clase esqueletal se determiné me-
diante el dngulo ANB del cefalograma de
Steiner formado por el punto A, punto Nasion
(N) (punto mas anterior de la sutura fronto-
nasal) y el punto B (punto mas profundo de
la concavidad del hueso alveolar inferior), re-
presentando asi la relacion anteroposterior
del maxilar y la mandibula. Cuando ANB se
encuentra entre 0°y 4° indica una Clase I; si
lo valores son mayores, corresponden a una
Clase Il y si los valores son menores, corres-
ponde a una Clase IIT10!,

Finalmente, los resultados obtenidos se
organizaron segun las variables en una tabla
de datos Excel, la misma que se trasladé al
programa estadistico SPSS version 18.0.0.
Se aplicé estadistica descriptiva para deter-
minar la frecuencia de crecimiento maxilar,
mandibular y el CVM, mediante tablas de
frecuencia. Se determiné la relacion entre
crecimiento longitudinal de los maxilares,
maduracion cervical y clase esqueletal, me-
diante el analisis correlacional de Pearson en
el cual se establecio el valor de p en <0.005
para comprobar significancia estadistica.

Para establecer el tipo de relacién se-
gun el correlacional de Pearson se determina
la correlacion segun los siguientes valores: 1
correlacion perfecta, 0,80 — 0,99 correlacion

muy alta, 0,60 - 0,79 correlacion alta, 0,40
- 0,59 correlaciéon media, 0,20 — 0,39 corre-
lacion baja, 0,01 — 0,19 correlacion muy baja
y 0,00 no existe correlacion.

RESULTADOS

Se analizaron 400 radiografias cefalicas
laterales, distribuidas en un rango de edad
de 8 a 20 afios. El total de radiogratias del
sexo femenino fue de 226 y del masculino
174. Del sexo femenino se analizaron 21
radiografias entre 8 y 13 afos, mientras que
de 11y 17 afos se analizaron 13 radiogratias
por cada edad. Respecto al sexo masculino
se analizaron 18 radiografias en edades de
11 afios y 10 radiografias en edades de 8
anos, respectivamente.

Segan los estadios de maduracién ver-
tebral, se observa que el pico de crecimien-
to inicia en CS3 alrededor de los 9 anos en
las mujeres y en los hombres a los 11 anos.
Mientras que en CS4, ¢l pico de crecimiento
termina a los 13 anos en el sexo femenino y
entre los 14 y 17 afos en el sexo masculino
(Tabla 1).

En la Tabla 2 se observa que en la clase
IT esqueletal, la longitud maxilar aumenta de
CS1 a CS3, mientras que en la clase I el au-
mento es a partir de CS4 a CS6 y en la clase
III la longitud maxilar se encuentra siempre
disminuida en relacion a la clase 1 y II. La
media total de la longitud maxilar para la
clase I es de 74,61 mm para el sexo femeni-
no y de 102,23 mm para el sexo masculino;
para la clase II se obtuvo una media de 72,87
mm para las mujeres, mientras que para los
hombres fue de 97,42 mm; en la clase III se
observé una media total de 103,8 mm en
mujeres y de 107,21 mm para varones.

En relacion a la longitud mandibular
se observo que, para el sexo femenino en la
clase III, el aumento mandibular presentd
valores mayores desde GS2 hasta CS5, en
comparacion con la clase 1y I1, a diferencia
del sexo masculino en el que se encontrd
un crecimiento paulatino desde CS2 a CS6
dentro de la clase III, con respecto a las
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Tabla 1
Distribucion de la muestra segin edad, sexo e indice de maduracién cervical.
Edad CS1 CS2 CS3 CS4 CS5 CS6
F M F M F M F M F M F M
8 afos 4 1 11 7 6 2
9 anos 2 5 9 9 8
10 anos 2 1 2 5 10
11 anos 1 1 5 11 7 5
12 anos 4 11 8 6 1
13 anos 6 18 4 1 1 2
14 anos 1 13 10 2 4
15 anos 2 1 10 9 2 3 3
16 afios 12 7 7 4 1
17 anos 7 9 5 5 1 3
18 anos 3 5 9 7 4 3
19 anos 1 3 4 8 11 3
20 afios 1 6 3 6 4 6 4
Total 8 4 18 19 28 43 97 63 42 32 33 13
CS: Estadio cervical.
Tabla 2
Longitud maxilar segiin indice de maduracion cervical y clase esqueletal.
G S Clase I Clase II Clase III
media D.S media DS media DS
CS1 F 67,47 3,42 69,85 2,22
M 71,1 2,98
CS2 F 68,04 2,44 67,83 3,26 74,4%
M 66,06 2,74 70,57 2,62 67,23 2,27
CS3 F 68,53 4,84 70,11 5,02 68,15 3,6
M 71,29 4,24 72,21 5,4 71,52 3,34
CS4 F 73,56 10,9 73,55 4,82 73,41 2,25
M 77,45 5,28 77,12 4,66 77,81 3,95
CSS F 78,06 17,22 74,94 3,88 63 13,68
M 79,84 3,72 85,67 19,29 80,25 2,66
CS6 F 81,48 22,06 75,63 3,51 70,9 3,81
M 81 2,56 79,8 2,59 74,4 0,28
Total F 74,61 14,33 72,87 4,88 103,8 5,18
M 102,23 9,57 97,42 14,99 107,21 9,59

CVM: Indice de maduracion cervical. CS: Estadio cervical.

D.S: desvio estandar.

* Presenta un solo caso.
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otras clases. La media total de crecimiento
mandibular en la clase I para el sexo feme-
nino fue de 100 mm y de 102,23 mm para
el masculino; la clase II presenté una media
de 91,87 mm en mujeres a diferencia de los
hombres que fue de 97,42 mm; en la cla-
se III se encontré una media de 103,8 mm
para ¢l sexo femenino y 107,21 mm para el
sexo masculino (Tabla 3).

El andlisis correlacional de Pearson de-
mostro la existencia de una correlacion baja
entre la longitud del maxilar superior y los
estadios de maduracion cervical en el sexo
femenino (r=0,31) y correlacién media con
el sexo masculino (r=0,58). Respecto a la
longitud mandibular y los estadios de madu-
racion cervical se determiné, de igual ma-
nera, correlacion baja con el sexo femenino
(r=0,32) y correlacion alta con el sexo mas-
culino (r=0,60). Sin embargo, una vez apli-

cados los rangos de valores de correlacion
de Pearson, se pudo observar la existencia de
una correlacion baja en la Clase I para el sexo
femenino, a diferencia del sexo masculino
que presentd una correlacion alta tanto para
la longitud maxilar como mandibular. Con
respecto a la Clase II tambien se observé una
correlaciéon media para ambos sexos dentro
de la longitud maxilar, mientras que en la
longitud mandibular, las mujeres presenta-
ron una correlacién muy baja a diferencia de
los hombres que manifestaron una correla-
cion media. Para la Clase III el grupo feme-
nino demostr6 una correlacion muy baja in-
versa, mientras que los varones presentaron
una correlacion alta respecto al crecimiento
maxilar, a diferencia del crecimiento mandi-
bular, en el que las mujeres presentaron una
correlacion media y los hombres una corre-
lacion alta (Tabla 4).

Tabla 3
Longitud mandibular segin indice de maduracién cervical y clase esqueletal.

CVM Sexo Clase I Clase II Clase III
media DS media DS media DS
CS1 F 88,65 4,9 86,77 5,16
M 89,8 5,27
CS2 F 89,23 5,57 87,53 5 92,9*
M 86,12 3,35 87,62 2,67 97,84 6,43
CS3 F 88,76 6,92 88,14 4,93 98,45 0,07
M 95,3 6,75 92,4 8,19 99,04 6,35
G54 F 99,01 15,25 93,39 6,06 106,65 3,05
M 103,91 8,47 98,15 8,63 111,61 8,05
CS5 F 105,63 23,38 96,22 5,79 105,03 1,81
M 109,8 6,39 112,56 26,49 114,18 4,75
CS6 F 110,07 28,56 89,47 23,6 104,06 6,86
M 107,76 3,82 104,2 3 115,4 2,26
Total F 100 19,67 91,87 9,76 103,8 5,18
M 102,23 9,57 97,42 14,99 107,21 9,59

CVM: Indice de maduracion cervical. * Presenta un solo caso CS: Estadio cervical. D.S: desvio estandar. F: feme-

nino.  M: masculino.
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Tabla 4
Correlacion de la longitud maxilar y mandibular con el indice de maduracién cervical,
segan la clase esqueletal.

Clase Sexo Longitud maxilar- CVM Longitud mandibular- CVM
esqueletal
r P r P

Clase 1 F 0,299 0,001 0,344 0,00
M 0,652 0,00 0,624 0,00

Clase 11 F 0,443 0,00 0,181 0,038
M 0,442 0,00 0,474 0,00

Clase 111 F -0,188 0,251 0,443 0,049
M 0,657 0,00 0,704 0,00

CVM: Indice de maduracién cervical. r: correlacional de Pearson. Significancia estadistica p < 0,05.

DISCUSION

La maduracién 6sea, es el proceso de
osificacion que presenta un hueso durante
su desarrollo, la cual puede ser observada
mediante el uso de radiografias con el fin de
determinar el pico de crecimiento de los in-
dividuos.

Estudios realizados en Colombia en el
afio 2013 por Plazas y col. 13, en edades de
8 a 12 anos, reportaron que el pico de cre-
cimiento en mujeres ocurrié entre los 8 y 9
anos dentro de GS3, mientras que, en el gru-
po de los hombres ninguno alcanzé su pico
de crecimiento maximo. Tales resultados
concuerdan con los obtenidos en el presente
estudio, en el cual se encontré que el mayor
pico de crecimiento cervical en las mujeres
fue a los 9 afos, mientras que los hombres
alcanzaron su pico de crecimiento maximo a
los 11 afos, aunque existe una diferencia de
edad para el sexo masculino con respecto al
referido estudio. Perinetti y col. *) determi-
naron que el pico de crecimiento se da en-
tre CS3 y CS4, presentando una diferencia
significativa entre el sexo masculino y feme-
nino, en el cual la mujer manifiesta su pico
de crecimiento entre los 11 y 12 anos mien-
tras que los hombres presentan su pico de
crecimiento 1 ano después; estos resultados

son similares a los del presente estudio en el
cual se observé que las mujeres mostraron
su pico de crecimiento antes que los hom-
bres. Ademads, en la muestra estudiada el
pico de crecimiento se determiné a edades
mas tempranas para ambos sexos, Bedoya y
col. °, estudiaron pacientes de 8 y 14 afios y
encontarron que el pico de crecimiento se
manifesté a los 12 anos en CS3 para ambos
sexos. Tales resultados difieren con el pre-
sente estudio en el cual se observé que el
pico de crecimiento para las mujeres se dio
alos 9 anos y para los hombres a los 11 anos
de edad dentro de CS3, esta diferencia de
resultados pueden deberse a la procedencia
de la muestra estudiada.

Armond y col. ¥, en Brasil, utilizaron
el método de Hassel y Farman y encontraron
que los pacientes masculinos con maloclu-
sion clase 11, mostraron mayor crecimiento
maxilar en CS1 y CS2 lo que esta acorde con
los resultados de la muestra estudiada en
esta investigacion, tanto para el sexo feme-
nino como para el masculino. Los resultados
de este estudio se corresponden a lo encon-
trado en la literatura existente, en la cual
se hace referencia al patrén de crecimiento
cefalocaudal, siendo las estructuras que es-
tan mas cercanas al cerebro las que crecen
antes; por lo tanto, ¢l crecimiento del maxi-
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lar se da antes que el mandibular dentro de
los estadios CS1 al CS3 .

Arriolay col. ', reportan diferencias en-
tre el sexo masculino y femenino respecto al
crecimiento mandibular; la clase III esquele-
tal presenta mayor crecimiento longitudinal
entre CS1 y CS2 respecto a la clase Iy II
que tuvieron valores menos significativos en
dichos estadios; el actual estudio demostrd
que, dentro de CS3 y CS4 se dio el mayor
crecimiento mandibular en la clase III para
el sexo masculino y femenino, presentado va-
riaciones significativas frente a la clase 1y II
que tuvieron un menor crecimiento, dichas
variaciones pueden deberse a que la clase 111
esqueletal presenta mayor crecimiento lon-
gitudinal de la mandibulay el crecimiento es
significativo durante el pico de crecimiento.
Jeelani y col. ') encontraron que el mayor
crecimiento mandibular ocurrié en la clase
IIT en GS3 para los hombres debido al inicio
tardio del pico de crecimiento que ocurri
a los 13 anos en comparacion con las muje-
res, difiriendo en edad con nuestro estudio
en el que el brote de crecimiento en el sexo
masculino se dio a los 11 anos. Sin embargo,
se reportd que el crecimiento mandibular es
mayor para el sexo masculino respecto al fe-
menino que presenta un menor crecimiento
dentro de dicho estadio.

Baccetti y col. ') reportaron que, en
1091 registros cefalométricos, el crecimien-
to mandibular fue mayor en la clase III para
los ninos respecto a las ninas que presenta-
ron un menor aumento dentro del pico de
crecimiento; tales resultados muestran simi-
litud con los hallazgos del actual estudio, en
el cual se encontré un aumento mandibular
menor en las mujeres y mayor en los hom-
bres dentro de los estadios de maduracion 3
y 4 para la clase III, estos hallazgos pueden
pueden deberse a que, en el sexo masculino
el periodo de crecimiento es mayor que en el
sexo femenino. Generoso y col. 2%, estudiaron
radiografias de pacientes entre 7 y 12 afos
y establecieron que en CS2 y CS3 los nifos
con clase I presentaron un mayor crecimien-
to mandibular a diferencia de los ninos de

clase II, hallazgos que también son compa-
tibles con el presente estudio, en el cual se
encontré que el crecimiento mandibular era
mayor en la clase I respecto a la clase II; de
igual manera, las nifias con clase I presenta-
ron un mayor aumento mandibular que las
nifias de clase II tnicamente en CS3.Esto
altimo representa diferencias con relacion
al actual estudio, en el cual se observé que
el mayor crecimiento mandibular se dio en
la clase II dentro de dicho estadio, posible-
mente estos hallazgos se deben a que en la
poblacion cuencana la clase II esqueletal se
caracteriza por una longitud maxilar aumen-
tada y no por un déficit mandibular. Colino-
Gallardo y col. 2!, en su revision sistematica
refieren que, en CS3 y CS4 se produce el
maximo crecimiento mandibular dentro de
la clase II respecto a la clase I para ambos
sexos, difiriendo con el presente tema en el
cual se encontr6 que, el mayor crecimiento
de la mandibula se dio en la clase I para am-
bos sexos respecto a la clase II que presentd
un menor aumento dentro de dichos esta-
dios.

Al relacionar la longitud del maxilar su-
perior e inferior y el estadio de maduracion
cervical en las clases esqueletales mediante
el correlacional de Pearson, se determind
que existe relacion tanto en el sexo mascu-
lino como en el femenino; lo que estd en co-
rrespondencia con el estudio realizado por
Akimoto y col. *, en individuos de 6 a 14
anos donde se encontro correlacion entre el
crecimiento del maxilar y la mandibula para
las clases I y II aplicando el mismo correla-
cional.

Los hallazgos del presente estudio en
relacién a las publicaciones antes mencio-
nadas demuestran que el crecimiento cra-
neofacial estd ligado a factores genéticos y
ambientales, los cuales varian con el tiempo
debido a los diferentes cambios constantes
en la nutricion y el estilo de vida. Estas ca-
racteristicas son las que influyen en la pre-
sencia de los estadios de maduracién y cre-
cimiento longitudinal de los maxilares; por
consiguiente, para futuros estudios se reco-
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mienda ampliar el tamano muestral que per-
mita mejorar la informacion sobre el nimero
de casos en las diferentes clases esqueleta-
les, siendo trascendental realizar estudios
que incluyan otras condiciones que puedan
modificar el crecimiento y desarrollo.

En conclusion, el pico de crecimien-
to puberal esta relacionado con la edad de
los pacientes. Segin aumentan los anos, el
crecimiento puberal va alcanzando su pico
maximo, existiendo una diferencia signifi-
cativa entre el sexo femenino y masculino,
segan la cual el pico de crecimiento en las
mujeres inicia a los 9 aflos mientras que en
los hombres de 2 a 3 afos después. El cre-
cimiento longitudinal de los maxilares, tan-
to superior como inferior, estan en relacion
con el crecimiento puberal. Sin embargo,
se debe tomar en cuenta que, en la clase I
esqueletal se observa un crecimiento acor-
de para el maxilar que inicia en los primeros
estadios, mientras que la mandibula recupe-
ra su crecimiento después del estadio 3. En
la clase esqueletal 11, se produce el miximo
crecimiento maxilar en los primeros esta-
dios; en la clase III, el crecimiento mandi-
bular se da a partir de CS3, estableciendo
asi la existencia de una correlacion entre la
longitud maxilar, mandibular y el estadio de
maduracion esqueletal para ambos sexos.
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Evaluation of thyroid function and metabolic
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Abstract. Obesity is considered an important global public health chal-
lenge, and its prevalence is rapidly increasing in children. We investigated in
this study if the upper-normal TSH level may be associated with metabolic syn-
drome parameters, including obesity, high blood pressure, and dyslipidemia
and changes in insulin sensitivity in overweight and obese children. We also
investigated whether there is a relationship between BMI and these parameters.
This prospective case-control study comprised 145 participants (74 females,
71 males) aged 5-18 years. Participants were divided into three groups accord-
ing to their BMI z-score, as overweight, obese and control. The control group
included 35 age and sex-matched healthy subjects. Thyroid stimulating hor-
mone levels of control, overweight and obese groups were 2.14 = 1.27,2.97 +
1.26 and 3.13 £ 1.11, respectively (p<0.05). There was a significant positive
correlation between TSH and the BMI, BMI z-scores between overweight and
obese groups (r=0.302, p=0.000), (r=0.121, p=0.004), respectively. The cur-
rent study suggests that increased serum TSH levels, even within the normal
range, in overweight and obese children is associated with the impairment of
metabolic parameters, including dyslipidemia and insulin sensitivity. For that
reason, TSH levels in the high-normal range should be considered as a risk fac-
tor for metabolic syndrome and its components.
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Evaluacion de la funcion tiroidea y los parametros metabdlicos
en nifnos obesos y con sobrepeso: Un estudio prospectivo

de casos y controles.
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Palabras clave: indice de masa corporal; insulina; parametros metabélicos; obesidad;

hormona tiroidea.

Resumen. La obesidad se considera un importante desafio de salud publi-
ca mundial y su prevalencia estd aumentando rapidamente en los nifios. En este
estudio, se investigo si el nivel normal superior de TSH puede estar asociado
con los parametros del sindrome metabdlico, incluida la obesidad, la presién
arterial elevada, cambios en los lipidos y la sensibilidad a la insulina, en ninos
con sobrepeso y obesidad. También investigamos si existe una relacion entre
el IMC y estos parametros. En este estudio prospectivo de casos y controles se
incluyeron a 145 participantes (74 hembras, 71 varones) de entre 5y 18 anos.
Los participantes se dividieron en 3 grupos segin el puntaje z del IMC, como
sobrepeso, obesidad y control. El grupo de control incluyé 35 sujetos sanos
emparejados por edad y sexo. Los niveles de hormona estimulante de la tiroides
de los grupos de control, con sobrepeso y obesos fueron 2,14 = 1,27, 297 +
1,26y 3,13 * 1,11, respectivamente (p <0,05). Hubo una correlacion positiva
significativa entre la TSH y el BMI, la puntuacion z del IMC entre los grupos con
sobrepeso y obesidad (r = 0,302, p = 0,000), (r = 0,121, p = 0,004), respec-
tivamente. Por esa razon, el nivel de TSH en el rango normal alto debe consi-
derarse como un factor de riesgo del sindrome metabdlico y sus componentes.

Received: 08-09-2021 Accepted: 08-12-2021

INTRODUCTION

Obesity is considered an important glob-
al public health challenge, and its prevalence
is rapidly increasing in children '2. Obesity
is defined as a body mass index (BMI) = 95%
percentile for children of the same age and
gender 3. It is believed that obese individu-
als are at an increased risk of metabolic syn-
drome and thyroid dysfunction *°.

There is a wide variation in reference
values for thyroid stimulating hormone lev-
els (TSH) in children °. Many laboratories use
values of about 4.5 to 5.0 uIU/mL as the up-
per-normal range for TSH, and some experts
suggest that the upper-normal TSH level in

children should be lowered due to the risk of
obesity, dyslipidemia, and changes in blood
pressure (BP) and insulin sensitivity "1°.
Thyroid hormone has a key role in reg-
ulating metabolism. It is well known that
overt hypothyroidism may cause obesity in
individuals; however, there is no clarity re-
garding subclinical hypothyroidism !!. Sub-
clinical hypothyroidism is defined biochemi-
cally as a normal serum free thyroxine level
(FT4) concentration in the presence of an
elevated serum TSH concentration ''. Thy-
roid hormone regulates both basal metabo-
lism and thermogenesis 2. Moreover, it is
involved in glucose and fat metabolism 2.
Because of these interactions between thy-
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roid hormones and metabolic parameters,
there is an increasing doubt of whether even
mild thyroid dysfunction may induce obesity
in children 13,

We speculated in this study that the up-
per-normal TSH level may be associated with
metabolic syndrome parameters, including
obesity, blood pressure, lipid and insulin sen-
sitivity in overweight and obese children. We
also investigated whether there is a relation-
ship between BMI and these parameters.

MATERIALS AND METHODS

Study population

This prospective case-control study
comprised 145 participants (74 females, 71
males) aged 5-18 years, and it was conduct-
ed in an ethnically homogencous population
between 2012 and 2015. Participants were
divided into three groups according to their
BMI z-score, as overweight (n=64), obese
(n=46) and control. The control group in-
cluded 35 age and sex-matched healthy sub-
jects. Written informed consent and assent
were obtained from participants and par-
ents. Ethics approval was obtained from the
Local Ethics Committee (protocol number/
date:9204/09.04.-12) for this research, and
the study was managed in accordance with
the Declaration of Helsinki. Children with
any known disease (any thyroid discase, car-
diovascular disease, etc.) or using any phar-
macologic treatment known to affect BMI
z-score, thyroid hormones, blood pressure,
lipid and glucose metabolism were excluded
from the study.

Anthropometric measurements

Standing height (SH), body weight
(BW), blood pressure measurement, waist
and hip circumferences were obtained from
all participants and made according to the
World Health Organization recommen-
dations '°. Blood pressure was measured
in the sitting position after five minutes
of rest in a quiet environment with a me-
chanical sphygmomanometer. Blood pres-

sure was measured twice and the average
of the measurements was used as the final
value. Standing height was measured with
a Harpenden stadiometer, and participants
were weighed in lightweight clothing. Body
mass index was calculated as body weight
in kilograms divided by the square of stand-
ing height in meters (BMI= kg/m?). We
used BMI z-scores to compare BMI values
across different ages and by gender. Over-
weight was defined as +1< BMI z-score <
+2 SDs, and obesity was defined as a BMI
z-score over 2 SDs from the mean of natio-
anal charts 7.

Laboratory studies

The blood samples were obtained af-
ter an 8-12-hour overnight fast for analy-
sis of the lipid profile, fasting plasma glu-
cose (FPQG), fasting insulin (FI), TSH and
FT4. Total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C) and tri-
glyceride (TG) levels were measured by an
enzymatic colorimetric assay (Roche Cobas
Integra® 800, Mannheim, Germany). Low
density lipoprotein cholesterol (LDL-C)
was calculated for samples containing TG
<400 mg/dL using the Friedewald formu-
la. Fasting plasma glucose was measured
by the hexokinase method (Roche Cobas
Integra® 800, Mannheim, Germany). Fast-
ing Insulin, TSH and FT4 were measured by
the electrochemiluminescence immunoas-
say method (The ADVIA Centaur® CP Im-
munoassay System, Erlangen, Germany).
The reference values of TSH and FT4 in our
center are 0.38-4.5 ulU/mL and 0.58-1.38
ng/dL, respectively. Insulin resistance was
estimated by the homeostatic model [Ho-
meostasis model assessment of insulin re-
sistance (HOMA-IR) = fasting plasma glu-
cose x fasting insulin /405] °.

Statistical analysis

The data were evaluated using the Sta-
tistical Package for Social Sciences 21.0
program for Windows. Continuous vari-
ables were calculated as mean+standard
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deviation. The normality of the distribu-
tion of continuous variables was con-
firmed by the Kolmogorov-Smirnov test.
A one-way analysis of variance tests was
used to evaluate comparisons between the
groups. Pearson correlation analysis was
used to evaluate the relationships. A p-
value <0.05 was accepted as statistically
significant.

The sample size estimation of the study
was calculated by using G*Power 3.1.9.4
(with 90% power and 5% type I error rates).

RESULTS

The study included 110 overweight
and obese participants and 35 healthy con-
trols. The male/female ratio of overweight
and obese groups was 31/33 and 22/24,
respectively, while it was 18/17 for the con-
trol group (p >0.05). Mean age of control,
overweight and obese groups were 9.7 = 3.6;
10.3 = 2.6; 10.8 £ 2.7 years, respectively (p
>0.05). The anthropometric and laboratory
characteristics of all participants are sum-
marized in Table 1.

Table 1
Anthropometric and laboratory characteristics of the study participants.

Control group

Overweight group

Obese group

Parameters (n=35) (=64) (n=40) P
Mean *= SD

Age, yr 9.7 3.6 103 + 2.6 10.8 + 2.7 0.12
Gender (M/F), 18 (51.4)/17 31 (48.4)/33 22(47.8)/24 0o
(n,%) (48.5) (51.5) (52.1)

BMI (kg/m?2) 20.94 = 2.46 27.26 = 1.29 32.98 = 2.87 <0.01
BMI-Z score 0.63 = 0.15 1.59 = 0.48 2.47 = 0.36 <0.01
WHR (cm/cm) 0.74 = 0.03 0.82 = 0.06 0.87 = 0.07 <0.01
SBP (mmHg 106.6 £ 9.3 107.8 = 12.2 110.3 = 10.6 0.22
DBP (mmHg) 69.2 = 5.9 69.1 = 7.1 735+ 9 0.13
TC (mg/dL) 156.1 £ 15.8 169.3 = 38.3 171.93 = 35.8 <0.01
TG (mg/dL) 89.6 + 22.5 97.2 + 493 101.8 + 37 <0.01
LDL - C (mg/dL) 92 = 14.5 97.4 + 30 1053 = 31.6 0.01
HDL~ C (mg/dL) 46.9 = 10.3 48 = 11.7 47.7 £ 12.9 0.90
FPG (mg/dL) 78.9 + 12.7 89.6 + 5.6 101.9 + 6.2 0.03
Insulin (uU/mL) 13.32 £ 7.35 15.14 £ 6.32 21.69 = 10.99 <0.01
HOMA-IR 1.12 = 1.79 2.05 £ 145 2.44 =254 <0.01
TSH (uIU/mL) 2.14 = 1.27 297 £ 1.26 3.13 £ 1.11 <0.01
FT4 (ng/dL) 1.21 = 0.18 1.23 = 0.14 1.18 = 0.19 0.23

BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein choles-
terol; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TSH, thyroid-
stimulating hormone; FT4, free thyroxine.
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Thyroid stimulating hormone levels of
the control, overweight and obese groups
were 2.14 = 1.27, 2.97 = 1.26 and 3.13 =
1.11, respectively (p<0.05), and the FT4
levels of control, overweight and obese sub-
jects was 1.21 = 0.18,1.23 = 0.14 and 1.18
+ 0.19, respectively (p >0.05). TSH levels
were found to be slightly high in 13.6% (15
out of 110 subjects) of overweight and obese
groups. There was a significant positive cor-
relation between TSH and BMI, BMI z-scores
between the overweight and obese groups
(r=0.302, p=0.000), (r=0.121, p=0.004),
respectively. Additionally, FT4 and BMI, BMI
z-score between the overweight and obese
groups (r=-0.042, p=0.009), (r=-0.023,
p=0.011), respectively. Correlation between
thyroid hormones and metabolic parameters
in overweight and obese participants were
summarized in Table 2.

Table 2
Correlation between thyroid hormones
and metabolic parameters in overweight
and obese subjects.

TSH FT4
Parameters
r p r p
Age -0.023  0.000 0.010 0.231
BMI 0.302 0.000 -0.042 0.009
BMI-Z score  0.121 0.004 -0.023 0.011
WHR 0.130 0.010 -0.025 0.018
SBP 0.231 0.006 0.173 0.014
DBP 0.181 0.023 0.052 0.031
TC 0.227 0.019 -0.143 0.056
TG 0.021 0.010 -0.041 0.072
LDL - C 0.125 0.016 -0.055 0.133
HDL- C 0.031 0.235 -0.012 0.151
FPG 0.011 0.018 -0.013 0.068
Insulin 0.035 0.044 -0.019 0.124
HOMA-IR 0.023 0.032 -0.011 0.221

The overweight and obese groups had
higher TC, LDL-C and TG levels than the
control group (p<0.05), however, HDL-C lev-
el was significantly different between groups
(p >0.05). We found a significant positive
correlation between TSH and TC, LDL-C, TG
(r=0.227, p=0.019), (r=0.125, p=0.016)
and (r=0.021, p=0.010), respectively, but
not with HDL-C (r=0.031, p=0.235).

Fasting plasma glucose, insulin and
HOMA-IR values were significantly differ-
ent among groups (p <0.05), (Table 1) and
we found a significant positive correlation
between TSH and FPG, insulin, HOMA-IR
(r=0.011, p=0.018), (r=0.035, p=0.044),
(r=0.023, p=0.032), respectively. However,
there was not a significant correlation be-
tween FT4 and FPG, insulin, HOMA-IR (r=-
0.013, p=0.068), (r=-0.019, p=0.124),
(r=-0.011, p=0.221), respectively.

The correlation between thyroid hor-
mones (TSH and FT4) and BMI, HOMA-IR in
overweight and obese children can be seen
in Fig. 1.

The anthropometric and laboratory
characteristics of overweight and obese
groups according to the gender and age are
summarized in Tables 3 and 4.

DISCUSSION

Obesity is a critical public health prob-
lem associated with many chronic disorders,
including metabolic syndrome and thyroid
dysfunction ', The most common thy-
roid dysfunction is hyperthyrotropinemia,
which is believed to be an adaptive process
to excess body mass, energy expenditure and
thermogenesis *?°. In the present study, we
found a significant association and correla-
tion between TSH and BMI, BMI z-scores
in overweight and obese children. Thyroid
stimulating hormone levels in these groups
were higher than in the healthy control
group. FT4 had a significant negative corre-
lation with BMI, BMI z-scores, however, not
a significant association. These findings are
consistent with previous studies 02122,
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Fig. 1. Correlation between thyroid hormones (TSH and FT4) and BMI, HOMA-IR in overweight and obese

children.

The mechanisms of the association be-
tween TSH and obesity is not definitely un-
derstood. However, several mechanisms have
been proposed to explain this complex rela-
tionship, including derangement of the hy-
pothalamic—pituitary axis, thyroid hormone
resistance, changes in the activity of deio-
dinases, the impact of leptin and chronic low
grade inflammation, ete. 2324,

According to recent studies, the preva-
lence of isolated hyperthyrotropinemia in
overweight and obese children is thought
to be between 15% and 23% 232°. However,
in our study, it was found to be only 15 out
of 110 children (13.6%). The case selection

and study design may be the reason for this
discrepancy.

Classically, obesity-associated dyslipid-
emia is a well-known condition, and charac-
terized by elevated TC, LDL-C, TG and de-
creased HDL-C level, and has been described
both in overt and subclinical hypothyroid-
ism 278, Consistent with this, we found that
TC, LDL-C and TG levels were higher in the
overweight and obese groups than in the
control group. However, the HDL-C level was
significantly different between groups. That
was confirmed in another study conducted
by Aeberli et al. **. Additionally, we found a
significant positive correlation between TSH
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Table 3
Anthropometric and laboratory characteristics of overweight and obese groups
according to the gender.

Male Female P
Parameters
Mean *= SD

Gender, n, (%) 53 (48.2) 57 (51.8)

Age, yr 10.2 = 2.8 11.3 =33 0.09
BMI (kg/m?) 29.36 = 3.42 29.83 = 3.59 0.50
BMI-Z score 2.01 =£0.54 2.18 £ 0.46 0.16
WHR (cm/cm) 0.87 £ 0.05 0.84 = 0.07 0.23
SBP (mmHg 108.5 = 12.1 111.9 = 12.7 0.89
DBP (mmHg) 71179 70.8 = 8.4 0.85
TC (mg/dL) 167.5 £ 36.3 164.6 = 37.2 0.10
TG (mg/dL) 99.9 = 45.6 98.7 £ 441 0.88
LDL - C (mg/dL) 102.7 = 31.6 98 = 30.2 0.08
HDL- C (mg/dL) 47.7 =129 48 £ 11.8 0.93
FPG (mg/dL) 96.1 = 6.7 94.2 £ 8.5 0.41
Insulin (uU/mL) 16.78 = 8.48 19.12 = 9.35 0.06
HOMA-IR 2.16 £ 1.96 228 £ 2.18 0.08
TSH (uIU/mL) 2.99 = 1.08 3.09 £1.28 0.66
FT4 (ng/dL) 1.22 = 0.17 1.19 = 0.13 0.31

BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC,
total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein
cholesterol; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TSH,

thyroid-stimulating hormone; FT4, free thyroxine.

and TC, LDL-C, TG, and similar observations
were reported by Le et al. and Canaris et
al.®?°. In contrast to these findings, a retro-
spective analysis of a large community-based
pediatric population in Rochester, which was
conducted by Nader et al., found only a sig-
nificant positive correlations between TSH
and TG *°. These differences may be due to
the sample size and diverse characteristics
of the study participants.

The relationship between thyroid hor-
monal derangement and glucose metabolism
in obesity is a complex interdependent inter-
action *132, Recently, the study performed
by Ambrosi et al. in Milan shown that TSH
had a significant positive correlation with
fasting insulin and HOMA-IR in 581 obese
patients®. Similar results were reported by

Reinehr et al., and our findings were also in
line with these studies %°. However, in con-
trast to these findings, this association was
not shown in some other studies 3.

In our study, metabolic parameters and
blood pressure values were also compared be-
tween overweight and obese patient groups on
the basis of age and gender. However, we did
not find a significant association. These find-
ings are consistent with previous studies !¢,

The main strength of this study is that
it was conducted prospectively in a healthy
control group and in an ethnically homo-
geneous population. The limitations of the
study include the relatively small sample
size, a lack of evaluation of free triiodothyro-
nine, thyroxine-binding globulin and thyroid
peroxidase.
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Anthropometric and laboratory characteristicsr[;?fbcl)ietweight and obese groups according to the age.
Parameters <11 years =11 years p
Mean + SD
Male/Female, n, (%) 22 (39.3) / 34 (60.7) 19 (35.2) / 35 (64.8) 0.40
Age, yr 8.39 + 1.7 13.5 €19 0.02
BMI (kg/m?) 28.73 £ 2.31 30.64 + 3.47 0.14
BMI-Z score 2.05 £ 0.57 22403 0.21
WHR (c¢cm/cm) 0.83 £ 0.05 0.85 + 0.07 0.12
SBP (mmHg 108.9 £ 12.8 112.8 £ 9.9 0.31
DBP (mmHg) 69.4 +7.1 70.5 + 8.6 0.42
TC (mg/dL) 168.5 + 39.1 169.6 £ 35.4 0.87
TG (mg/dL) 98 + 449 104.4 = 43.8 0.22
LDL - C (mg/dL ) 103.6 £ 32.9 100 = 29.2 0.58
HDL~- C (mg/dL) 47.7 £ 10.9 48.1 = 13.4 0.85
FPG (mg/dL) 91 + 5.4 95 £ 6.5 0.39
Insulin (uU/mL) 17.88 = 5.89 19.98 = 10.79 0.22
HOMA-IR 2.35 +1.39 227 x£251 0.34
TSH (uIU/mL) 294 +1.03 2.81 + 1.37 0.87
FT4 (ng/dL) 1.22 = 0.15 1.19 £ 0.13 0.22

BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein choles-
terol; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TSH, thyroid-

stimulating hormoneL; FT4, free thyroxine.

The most important finding of this study
is that increasing serum TSH level, even with-
in the upper-normal level, in overweight and
obese children can be associated with the im-
pairment of metabolic parameters, including
dyslipidemia and insulin sensitivity. Although
the mechanism underlying this condition
has not been fully elucidated yet, it is maybe
an carly sign of hypothyroidism, an autoim-
mune thyroid disease, or it may result from
derangement of the hypothalamic—pituitary
axis, the impact of leptin and chronic low
grade inflammation, ete. 23243839,

As a result, the upper-normal serum
TSH level should be considered as a risk fac-

tor of metabolic syndrome and its compo-
nents in overweight and obese children, and
this condition should be taken into account
by researchers.
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Changes in chloremia, secondary to hydric
reanimation during the first 24 hours,
increases hospital stay and complications
in patients with acute pancreatitis.

Rafael Silva Olvera', Mauricio Pierdant Péres?, Gustavo Ibarra Cabanas! Ivdan Ledesma
Bautista® Rail Alejandro Herndandes Rocha® and Antonio Augusto Gordillo Moscoso?
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Abstract. Acute pancreatitis (AP) requires first-line treatment with in-
tensive fluid resuscitation. Hydroelectrolyte changes secondary to this man-
agement could be related to an increase in hospital stay, complications, and
mortality. The objective of this study was to correlate the increase in serum
chlorine (> 8SmEq / L) during the first 24 hours (ISC) with a longer hospital
stay, complications and mortality in patients with AP. A total of 110 patients
with AP admitted to the emergency room were included. Fluid management
and serum chlorine were recorded on admission and after 24 hours; duration
of hospital stay, complications and mortality, were also registered. 37 patients
had ISC (age 56.4 = 18.4 years; 51% women), there were no differences in age,
sex or type of fluid management with patients without ISC. In bivariate analysis,
ISC was associated with severe AP (30% vs 12%, p = 0.02), higher APACHE II
score at admission (8 [6-15] vs 6 [4-9] points, p = 0.006), and longer hospital
stay (9 [7-12] vs 7 [5-10] days, p = 0.03). The overall mortality and compli-
cations rate were 16% and 25%, respectively, with no differences between the
groups (24% vs. 12%, p = 0.1 and 35% vs. 19%, p = 0.06). After multivariate
adjustment, independent predictors of hospital stay were ISC> 8 mEq / L (p
= 0.01) and APACHE II scores at 24 hours (p = 0.02). We conclude that ISC is
associated with a longer hospital stay in patients with AP from a second-level
hospital care population.
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Cambios en la cloremia secundaria a la reanimacion hidrica,
en las primeras 24 horas, incrementa la estancia hospitalaria
y las complicaciones en los pacientes con pancreatitis aguda.

Invest Clin 2022; 63 (2): 137 — 146

Palabras clave: pancreatitis; cloruros; soluciones isoténicas; tiempo de internacion.

Resumen. La pancreatitis aguda (PA) requiere tratamiento de primera
linea con reanimacion hidrica intensiva. Los cambios hidroelectroliticos se-
cundarios a este manejo podrian relacionarse a un incremento en la estancia
hospitalaria, complicaciones y mortalidad. El objetivo de este estudio fue corre-
lacionar el incremento de cloro sérico (>8mEq/L) en las primeras 24hrs (ICS),
con una mayor estancia hospitalaria, complicaciones y mortalidad en pacientes
con PA. Se incluyeron 110 pacientes con PA ingresados a urgencias, se registro
el manejo hidrico y cloro sérico al ingreso y 24 horas después, la estancia hos-
pitalaria, complicaciones y mortalidad. 37 pacientes tuvieron ICS (edad 56,4
+ 18,4 anos; 51% mujeres) no hubo diferencias en edad, sexo o tipo de manejo
hidrico en pacientes sin ISC. En el anélisis bivariado, el ICS se asoci6 a PA grave
(30% vs 12%, p = 0,02), mayor puntuacién APACHE II al ingreso (8 [6-15] vs
6 [4-9] puntos, p = 0,0006) y estancia hospitalaria mas prolongada (9 [7-12]
frente a 7 [5-10] dias, p = 0,03). La tasa global de mortalidad y complicaciones
fueron del 16% y el 25%, respectivamente, sin diferencias entre grupos (24%
vs 12%, p = 0,1 y 35% vs 19%, p = 0,06). Después del ajuste multivariado, los
predictores independientes de la estancia hospitalaria fueron ICS> 8 mEq/L (p
= 0,01) y las puntuaciones APACHE II a las 24 horas (p = 0,02). Concluimos
que el ICS se asocia a mayor estancia hospitalaria en pacientes con PA de una

poblacion de segundo nivel de atencion hospitalaria.

Received: 19-07-2021

INTRODUCTION

Acute Pancreatitis (AP) is an inflam-
matory disease that frequently involves peri-
pancreatic tissue and can englobe distant
organs and systems !?. The incidence var-
ies between 4.9 and 73.4 cases per 100,000
people in the world 3. Its etiology is mainly
attributed to biliary lithiasis and alcoholism,
and between 10 and 30% is classified as idio-
pathic !. There are prognostic factors of mor-
tality, like the Ranson, Glasgow-Imrie, POP,
BISAP criteria, and Hong Kong scale that is
based in glycemia-urea and gives a prognosis
with adequate accuracy *.

Accepted: 24-02-2022

Initial management of AP is based in
hydric reanimation with intravenous liquids,
mainly isotonic solutions, such as saline
solution 0.9% (SS0.9%) and Ringer lactate
(RL), and pain control '2?>.

The recommendation is to administer
balanced solutions in a range of 200 to 500
milliliters per hour or 5 to 10 mL per kg of
weight per hour, with a range of 2,500 and
4,000 mL in 24 hours. There are few studies
to support the decision of what type of solu-
tion to administer . A meta-analysis showed
no statistically significant differences in the
incidence of necrotizing PA comparing the
use of SS0.9% or RL °.
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Retrospective studies suggest that ag-
gressive administration of fluids in the ini-
tial 12-24 hours reduces morbi-mortality *.
Being that the SS0.9% is used globally as
the first line of therapy despite having an
osmolarity of 308, and a pH 5.5, and supra
physiologic concentrations of sodium and
chloride, and that could increase patient
morbi-mortality ”.

Chloride (CI) is the main anion of hu-
man body, with functions maintaining oncot-
ic pressure, acid-base equilibrium, muscular
activity, osmosis, and immunomodulation.

The SS0.9% could induce pathologic
hyperchloremia (Table 1) and hyperchlore-
mic metabolic acidosis ®. In intensive care
units, hyperchloremia was associated as an
independent factor of mortality in major
trauma ’, acute kidney injury '° and systemic
inflammatory response syndrome %1,

Metabolic hyperchloremic acidosis in
experimental studies with septic animals has
demonstrated that it increases the produc-
tion of interleukin 6, tumor necrosis factor,
and nitric oxide; thus hyperchloremia is a
pro-inflammatory modulator in sepsis *!'.

In accordance to Kumpers et al, an in-
fusion of two liters of SS0.9% reduces 12%
of the blood supply in the renal cortex of
healthy patients, as demonstrated with an-
giography 2. The hyperchloremia, according
to Marttinen et al., associates with the risk
of acute kidney injury, secondary to vaso-
constriction of the afferent renal artery '°)
decreasing the glomerular filtration rate,
which leads to that exposed patients to non-
guided chloride management, require more
replacement therapy 3.

Associated mortality with hyperchlore-

mia is between 30-40%, with concentrations

Table 1
Causes of hyperchloremia.

Pseudohiperchloremia

Loss of water and electrolytes

- High concentrations of solids in serum
(fatty acids or proteins), dilutional
- Bromide or iodide intoxication

- Certain forms of diarrhea
- Osmotic diuresis
- Certain cases of post-obstructive diuresis

Administration of fluids with
high chloride containing

Associated with metabolic acidosis

- Saline Solution 0.9%
- Albumin

- Ammonium Chloride
- Parenteral nutrition

- Certain forms of diarrhea

- Tubular renal acidosis

- Inhibitors of carbonic anhydrase

- Ureteral deviation (for example, ileal bladder).

- Administration of ammonium chloride.

- Administration of arginine chlorhidrate,
hydrochloric acid, or lysine.

-Certain cases of chronic kidney disease.

Organic acidosis with fast excretion of acid anion
(for example: toluene overdose).

Net loss of water

Respiratory alkalosis

- Exercise

- Severe dehydration

- Fever

- Hypermetabolic status
- Insipidus diabetes
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of chloremia higher of 130mEq/L, having
basal chloride levels of 80 and 120mEq/L
in patients with systemic inflammatory re-
sponse syndrome, demonstrating that the
greater input of intravenous solutions, the
greater hospital mortality 5.

In major trauma it was associated with
30-days mortality, analyzing chloremia at
admission and 48 hours later, showing and
elevation of serum levels in non-surviving
patients, compared with survivors, with a
chloride delta (ACI, that is the difference
between chloremia at admission minus 48
hours chloremia) higher in the non-survivors
(AC110.3%x11.1mmol/Lvs 1.7=5.2mmol/L,
p<0.001). The administration of less than
1,500ml SS0.9% was not associated with
mortality? and it has a limit of maximum 1
Liter in 24 hours .

The aim of this study was to correlate
a significant increment of chloremia during
the first 24 hours in patients with acute pan-
creatitis, with hospital stay and mortality of
any cause, and to describe the presence of
complications.

PATIENTS AND METHODS

Study design and patients

The present study was reviewed and ap-
proved by IMSS scientific and ethics com-
mittees with the number R-2017-2402-39
and was made with a database of IMSS Zone
50 Hospital registry, San Luis Potosi, Mexi-
co. This database processed the registry of
all consecutive admitted adults in the emer-
gency room between January 2015 and De-
cember 2016, with diagnosis of acute pan-
creatitis. It includes demographic data and
clinical information, medical procedures,
etiology of pancreatitis, and subsequent
laboratory findings. The data are periodi-
cally integrated, reviewed, and checked for
accuracy.

For this retrospective, observational and
analytic study, data from all patients admit-
ted in the mentioned period was examined.
We included patients who met the following

criteria: (i) diagnosis of acute pancreatitis
based in clinical characteristics, radiologic
findings and pancreatic inflammation mark-
ers, following the 2012 Atlanta criteria revi-
sion, (ii) had serum basal electrolytes at ad-
mission and 24 hours later, (iii) underwent
hospitalization without volunteer discharge.
We excluded patients: (i) referred from oth-
er medical units with diagnosis of acute pan-
creatitis that received previous initial man-
agement, (ii) patients that had treatment
with drugs that could affect chloremia, such
as thiazides, diuretics, potassium-sparring
diuretics, etc., and (iii) patients that had a
disease that affected their renal function.

Outcome

The primary outcome of this study was
hospital stay (measured in days); mortality
for any cause, besides the presence of re-
gional complications, such as peri-pancreat-
ic collection, pancreatic and peri-pancreatic
necrosis, gastric juice secretion, splenic in-
farct, colonic necrosis, pscudoaneurisms,
splenic and portal vein thrombosis, and
pancreatic ascites. Besides systemic compli-
cations defined as preexisting comorbidity
exacerbation; coronary disease, pulmonary
chronic disease, were registered and ana-
lyzed in the same complications category.

Laboratory procedures

The chloremia measures at admission
and after 24 hours, was performed with in-
direct potentiometry (cobas ¢ 501 analyzer,
Roche Diagnostics, Indianapolis, IN, USA)
and the results were expressed in milliequiv-
alents per liter (mEq/L). We define ISC as
the increment of >8 mEq/L through the
first 24 hours, according to our observation
in clinical practice and results of the data
base.

Statistical analysis

Data distribution was assessed using the
Shapiro-Wilk test. Continuous variables were
expressed as mean * standard deviation for
normal distribution, and as median [inter-
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quartile range] for non-normal distribution,
while categorical variables were described
as percentages and proportions. To evalu-
ate differences, we used Student’s t test/U-
Mann Whitney test, and Chi-square/Fisher
exact test, as appropriated. The primary out-
come was the hospital stay in days, defined
as the period between their emergency room
admission and medical discharge; due to im-
provement or death (we excluded transferred
patients and voluntary discharges). The
chloremia delta was defined as chloremia af-
ter 24 hours minus chloremia at admission,
expressed in mEq/L. Multivariate analysis
was performed with multiple regression to
determine the role of different variables with
hospital stay in days. To estimate the power,
we used post-study power-test with the pwr

function, setting the significance in 0.05.
All analyses were two-tailed and a P value of
<0.05 was set for significance. R Studio ver-
sion 3.4.1 statistical software was used for
data analysis.

RESULTS

One hundred and ten patients were se-
lected for the analysis, its baseline and clinic
characteristics are shown in Table 2.

At 24 hours, 37 (33%) patients were
classified with an ISC (ACI>8mEq/L). There
were no differences in baseline character-
istics (age, sex and pancreatitis etiology)
between the two groups (ACI>8mEq/L,
ACl<8mEq/L). (Table 3).

Table 2
Descriptive statistical. Baseline and clinical characteristics of the population.
N=110 (%) Median [Q1-Q3] Mean = SD

Age (years) 56 [42.2-69.7] 55.9+17.7
Sex (women) 63 (57)
Etiology

- Biliary 75 (68)

- Alcoholic 9 (8)

- Triglycerides 15 (14)

- Drugs 1(1)

- Idiopathic 7 (6)

- Others 3 (3)
Severity

- Mild 78 (71)

- Moderate 12 (11)

- Severe 20 (18)
Chloremia at admission (mEq/L) 96.1 [93.5-99] 55.9£5.6
Admission APACHE II score 6 [4-7.7] 7.8+5.8
Used solution

- 550.9% 58 (53)

- Hartmann 13 (12)

- SS0.9%>Hartmann 24 (22)

- Hartmann>SS0.9% 14 (13)

- Others 1(1)
Quantity used (L) 4 [3.5-4.5] 4.06 = 0.99

%: Percentage, Q1-Q3: Quartile 1 (P25) — Quartile 3 (P75), SD: Standard Deviation, h: hours, mEq/L: milliequi-
valents per liter, APACHE II: score of Acute Physiology and Chronic Health Evaluation II, SS0.9%: Saline Solution

0.9%, L: Liters.

Vol. 63(2): 137 - 146, 2022



142

Silva Olvera et al.

Table 3

Bivariate analysis between increase in serum chlorine in 24 hours
ACl =8mEq/L vs ACI>8mEq/L.

ACI <8mEq/L

ACl >8mEq/L

— 0,
NS () N=73 (%) N=37 (%) P

Age (years)

Median [Q1-Q3] 56 [42.2-69.7] 56 [43-69] 56 [42-71] 0.81U

Mean = SD 55.9 £ 17.7 55.6 £ 4.7 56.4 = 18.4 '
Sex (women) 63 (57) 44 (60) 19 (51) 0.37x
Etiology

- Biliary 75 (68) 47 (64) 28 (75)

- Alcoholic 9 (8) 5(15) 4 (11)

- Triglycerides 15 (14) 11 (15) 4 (1) 0.64

- Drugs 1 (1) 1 (1) 0 :

- Idiopathic 7 (6) 6 (8) 1(3)

- Others 3 (3) 34 0
Severity

- Mild 78 (71) 58 (79) 20 (54)

- Moderate 12 (11) 6 (8) 6 (16) 0.02x

- Severe 20 (18) 9 (12) 11 (30)
Chloremia at admission (mEq/L)

Median [Q1-Q3] 96.1 [93.5-99] 97 [94.5-100] 96 [92-97.5] 0.03U

Mean * SD 559 +£5.6 97.1 = 4.7 94.1 = 6.6 '

Chloremia after 24 h (mEq/L)

Median [Q1-Q3] 103 [99.2-106] 102 [99-104.2] 105 [103.8-108]

u
Mean = SD 1029 = 5.4 101.9 = 5.1 105.1 = 5.6 0.0002
Admission APACHE 1II (points)
Median [Q1-Q3] 6 [4-7.7] 6 [4-9] 8 16-15] 0.006Y
Mean = SD 7.8 £5.8 6.5+ 45 102 £ 7.2 ’
24 hours APACHE II (points)
Median [Q1-Q3] 5[3-7.3] 5 [3-7] 6 [4-13] 0.13U
Mean = SD 7374 6.3 *064 94 = 8.8 o
Hospital Stay (days)
Median [Q1-Q3] 8 [6-9.5] 7 [5-10] 9 [7-12] 0.03U
Mean + SD 9.5+69 8.1=+4.2 12.3 9.9 '
Surgery
- Elective 18 (16) 11 (15) 7 (19)
- Urgency 1(1) 0 13) 0224
- Not surgery performed 60 (55) 38 (52) 22 (59) ’
- Not needed 31 (28) 24 (32) 7 (19)
Complications 27 (25) 14 (19) 13 (35) 0.06X
Mortality 18 (16) 9 (12) 9 (24) 0.10x
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Table 3. CONTINUACION

ACI <8mEq/L

ACl >8mEq/L

— 0
NS () N=73 (%) N=37 (%) P

Utilized solution

- 550.9% 58 (53) 34 (47) 24 (65)

- Hartmann 13 (12) 12 (16) 1(3)

- 550.9%>Hartmann 24 (22) 15 (21) 9 (24) 0.08x

- Hartmann>SS0.9% 14 (13) 11 (15) 3(8)

- Others 1(1) 1(1) 0
Quantity utilized (L)

Median [Q1-Q3] 4 [3.5-4.5] 3.9 [3.5-4.3] 4.25 [3.6-5] 0.04U

Mean = SD 4.06 = 0.99 3.94 = 0.86 431 = 1.18 '

%: Percentage, Q1-Q3: Quartile 1 (P25) — Quartile 3 (P75), SD: Standard Deviation, mEq/L: milliequivalents per
liter, APACHE II: score of Acute Physiology and Chronic Health Evaluation II scale, SS0.9%: Saline Solution 0.9%, L:
Liters. X: Chi-Square test, 3: Exact Fisher Test, Y: U-Mann-Whitney test, T: T-Student test.

Pancreatitis severity was stablished us-
ing the Atlanta criteria, and found as severe
in the 30% of all patients with ACI>8mEq/L,
compared with 12% of the patients with
chloremia delta <8mEq/L (p=0.02). There
were no differences in surgery indication in
both groups.

Considering the clinical results, ad-
mission APACHE 1II score was higher in the
group with ACI>8mEq/L (8 [6-15] vs 6 [4-
9] points, p=0.006), but had no ditferences
in APACHE 1II score 24 hours after (5 [3-7]
vs 6 [4-13] points, p=0.13).

Hospital stay was longer in the group
with ACI>8mEq/L (9 [7-12] vs 7 [5-10]
days, p=0.03). The power (B) of this assev-
eration is 0.99 with a significance level (Q)
of 0.05.

There were not statistically significant
differences in complications (35% vs 19%,
p=0.06) and mortality (24% vs 12%, p=0.1).

Regarding the quantity of utilized solu-
tion in the first 24 hours from admission, we
found that in the ACI>8mEq/L the median
volume used was 4.25 [3.6-5] vs 3.9 [3.5-4.3]
liters in the ACI=SmEq/L group (p=0.04).

The Table 3 summarize the bivariated
analysis of baseline and clinical outcomes of
the patients, divided following their chlor-
emia change.

In multivariate analysis modeling hospi-
talization days, final model was obtained with
step-wise regression using backward variable
elimination, showed that a ACI>8mEq/L
(p=0.01) and 24 hours APACHE II score
(p=0.02) stayed as the main predictors for
longer hospital stay in patients with acute
pancreatitis.

DISCUSSION

In this retrospective study of 110 pa-
tients with acute pancreatitis, we found
that the significant chloremia increment
in 24 hours (ACI>8mEq/L) could be an in-
dependent associated factor to prolong the
hospital stay in the adult population. Chlor-
emia concentration reflects patient’s elec-
trolyte and water balance; its change is at-
tributed fundamentally to the management
with crystalloid solutions. Thus, chloremia
changes are intimately related with the
kind and quantity of utilized solutions. Hy-
perchloremia at the same time is related
with the acid-base equilibrium. In fact, the
chloremia concentration increment is one
of three causes of metabolic acidosis, which
in animal studies increases the production
of interleukin 6 and tumoral necrosis fac-
tor, as well as nitric oxide, therefore, chlo-
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ride is a pro-inflammatory modulator . It
has been found that this ion is important in
neutrophil functions, which requires con-
stant influx through the chloride channels
to produce hypochlorous acid from myelo-
peroxidase. For this reason, low extracel-
lular chloride concentration is associated
with neutrophil disfunction. This could pro-
vide a plausible pathophysiological link be-
tween the increment of chloremia and pro-
inflammatory state and longer hospital stay
in patients with acute pancreatitis. Recent
studies in cells and animals indicate that
hyperchloremic acidosis, through the in-
crement of hydrochloric acid, significantly
increases cytokines expression, besides the
gene induction through kB nuclear factor
and DNA junction. This seems to be espe-
cially relevant in states with important in-
flammatory response such as acute pancre-
atitis '’

Previous studies had stablished the as-
sociation between hyperchloremia and in-
creased mortality in critically ill patients
8211 Isolated hyperchloremia has been rec-
ognized as an independent factor associat-
ed with acute kidney injury '°. In our study,
although it did not reach statistical signifi-
cance, maybe because of the sample size, we
can see a trend in the increment of mortal-
ity with significant changes in chloremia, as
well as in the incidence of complications.
Nevertheless, there is still controversy that
chloremia changes are a consequence of ag-
gressive fluid therapy in patients with de-
plored hydration level, or if they truly are the
cause of mortality trough the inflammatory
mechanisms mentioned before. Controlled
prospective studies are needed to answer
this question.

Regarding the use of solutions, Fors-
mark et al recommend administration of a
range of 2.5 to 4 L in 24 hours; however,
in our population the average was 4.07 =
0.99 L, even reaching 7.2 L in the first 24
hours. Although recommendation is the use
of crystalloids, either saline solution 0.9% or

Hartmann solution, there is still no consen-
sus as to which solution to use, although it
has been seen that Ringer lactate may be as-
sociated with an anti-inflammatory effect !.

In this population, a higher prevalence
of biliary lithiasis as etiology (68%) of acute
pancreatitis was noted. In the last 12 years,
overweight and obesity, directly related to
formation of biliary stones, have reached
71.3% in the adult population, an increase
of almost 10% compared to the year 2000 3.

In our study, the presence of ACI>
8mEq/L was an important predictor for
hospital stay, even better than the APACHE
I scale at admission and at 24 hours, only
comparable with severity due to Atlanta clas-
sification in acute pancreatitis, even when it
was adjusted in multivariate analysis.

We are aware that our study has limi-
tations, mainly the lack of measurement of
other electrolytes, acid-base and inflamma-
tory balance parameters, such as sodium,
potassium, calcium, magnesium, serum pH,
bicarbonate (HCO,) and C-reactive protein
(CRP), even though several of these elements
are routinely measured in this pathology.

Finally, the type of solution (Hartmann
vs saline solution 0.9%), as well as the vol-
ume of liters used, should be evaluated in
prospective controlled studies given its po-
tential therapeutic effect and prognosis on
days of hospital stay.

We conclude that changes greater than
8mEq/L of chloremia at 24 hours after ad-
mission identifies a subset of patients with
acute pancreatitis with an increased risk of
lengthening their hospital stay and probably
mortality and complications, independently
of other prognostic factors, such as APACHE
II. Hyperchloremia remains a factor of poor
prognosis, highly controllable with adequate
fluid management, as well as being an eas-
ily measurable laboratory parameter that
can better predict an increased probability
of longer hospital stay in adult patients with
acute pancreatitis.
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Value of endorectal ultrasonography

in the assessment of invasion staging

of low rectal cancer with local progression
after neoadjuvant radiochemotherapy.

Shanshan Gao', Changrui Sheng!, Liming Yan®, Hua Yin!, Jingjing Hu!, Zhiying Ye'
and Xiushi Wei!

! Department of Ultrasound, Hwa Mei Hospital, University of Chinese Academy
of Sciences, Xibei Road 41, Ningbo 315010, Zhejiang Province, China.

2 Physical Examination Center, Hwa Mei Hospital, University of Chinese Academy
of Sciences, Xibei Road 41, Ningbo 315010, Zhejiang Province, China.

Key words: endorectal ultrasonography; low rectal cancer; local progression;
neoadjuvant radiochemotherapy; invasion; staging.

Abstract. Although stages T3 and T4 rectal cancer can be reduced
to T1 or T2 after neoadjuvant radiochemotherapy, the accuracy of the en-
dorectal ultrasonography (ERUS) for the post-radiochemotherapy evalua-
tion of low rectal cancer has seldom been reported. We aimed to investigate
the value of ERUS in the assessment of invasion staging in low rectal cancer
with local progression, and the factors affecting its accuracy, after neoad-
juvant radiochemotherapy. A total of 114 patients administered with neo-
adjuvant radiochemotherapy for stages II and III low rectal cancer (local
stage T3/T4) from February 2018 to December 2020 were enrolled in the
study. The changes in local lesions were evaluated using ERUS before and
after radiochemotherapy, and compared with the pathological T staging.
The accuracy of post-neoadjuvant radiochemotherapy re-staging examined
with ERUS was evaluated, and univariate analysis was used to identify the
factors affecting the accuracy. After neoadjuvant radiochemotherapy, the
blood flow distribution within the lesion significantly declined (P<0.05),
the max length and max thickness of the longitudinal axis of the lesion
were reduced (P<0.05), and the uT staging was decreased (P<0.05), when
compared with lesions before the treatment. Compared with postoperative
pathological T staging, the accuracies of ERUS in T1, T2, T3 and T4 stages
were 11.11%, 28.57%, 27.27% and 100%, respectively. Univariate analysis
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indicated that review time of ERUS, post-operative T staging and Wheeler
rectal regression stage were factors affecting the accuracy of ERUS re-stag-
ing. ERUS is more accurate for T4 re-staging, follow-up reviewed six weeks
after neoadjuvant radiochemotherapy and low regression tumors, with a
high application value for the assessment of the efficacy of neoadjuvant
radiochemotherapy for low rectal cancer.

Valor de la ultrasonografia endorectal en la evaluacion
de la estadificacion de la invasion del cancer rectal bajo
con progresion local, después de administrar
radioquimioterapia neoadyuvante.

Invest Clin 2022; 63 (2): 147 — 155

Palabras clave: pancreatitis; cloruros; soluciones isoténicas; tiempo de internacion.

Resumen. Aunque el cdncer de recto en estadios T3 y T4 se puede redu-
cir a T1 o T2 después de la radioquimioterapia neoadyuvante, rara vez se ha
informado la precisiéon de la ecografia endorrectal (ERUS) para la evaluacién
posterior a la radioquimioterapia del cancer de recto inferior. Nuestro obje-
tivo fue investigar el valor de ERUS en la evaluacion de la estadificacion de
la invasion en el cancer de recto inferior con progresion local, después de la
radioquimioterapia neoadyuvante y los factores que afectan su precision. Se
incluyeron en el estudio un total de 114 pacientes a los que se les administré
radioquimioterapia neoadyuvante para el cancer de recto inferior en estadios
IT y III (estadio local T3/T4), desde febrero de 2018 hasta diciembre de 2020.
Los cambios en las lesiones locales se evaluaron mediante ERUS antes y des-
pués de la radioquimioterapia y se compararon con la estadificacién patolégica
T. Se evalué la precision de la re-estadificacion examinada con ERUS, después
de la radioquimioterapia neoadyuvante y se utilizé un analisis univariado para
identificar los factores que afectan su precision. Después de la radioquimiote-
rapia neoadyuvante, la distribucién del flujo sanguineo dentro de la lesion dis-
minuy6 significativamente (P<0,05), la longitud maxima y el espesor maximo
del eje longitudinal de la lesion se redujeron (P<0,05) y la estadificacion uT
disminuy6 (P<0,05), en comparacion con las lesiones antes del tratamiento.
En comparacion con la estadificacion T patolégica posoperatoria, las precisio-
nes de ERUS en las etapas T1, T2, T3 y T4 fueron del 11,11%, 28,57%, 27,27% y
100%, respectivamente. El analisis univariable indicé que el tiempo de revision
de ERUS, la estadificaciéon T postoperatoria y la etapa de regresion rectal de
Wheeler fueron factores que afectaron la precision de la re-estadificacion con
ERUS. ERUS es mas preciso para la re-estadificacion de T4, el seguimiento seis
semanas después de la radioquimioterapia neoadyuvante y en tumores de baja
regresion, con un alto valor de aplicacion para la evaluacion de la eficacia de la
radioquimioterapia neoadyuvante para el cancer rectal bajo.
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INTRODUCTION

Rectal cancer is a common malignancy
of the digestive system, and the incidence
rate exhibits an increasing trend annually!.
Different stages of rectal cancer should be ad-
ministered with different therapeutic strat-
egies. Local resection is feasible for early-
stage rectal cancer, and standard treatment
mode, neoadjuvant radiochemotherapy com-
bined with radical surgery, is recommended
for locally advanced rectal cancer?®. Neoadju-
vant radiochemotherapy helps to reduce tu-
mor size, degrade the staging, increase the
sphincter preservation rate, reduce local re-
currence rate and prolong the survival time
of patients **. The “watch-and-wait” strategy
can be adopted for rectal cancer patients
with clinical complete response after neo-
adjuvant radiochemotherapy. Hence, tumors
should be accurately re-staged after neoad-
juvant therapy.

The endorectal ultrasonography (ERUS)
offers an important means for preoperative
staging of the primary lesion of rectal cancer,
characterized by low cost, high efficiency,
and accurate rectal wall stratification, and
it is far superior to magnetic resonance im-
aging (MRI) in the differential diagnosis of
T1 and T2 stages °. Although stages T3 and
T4 rectal cancer will be reduced to T1 or T2
after neoadjuvant radiochemotherapy, there
are currently only few reports on the accu-
racy of ERUS in the post-radiochemotherapy
evaluation of low rectal cancer’. In this study,
ERUS was utilized to evaluate the primary le-
sion of stage T3 and T4 low rectal cancer be-
fore and after neoadjuvant radiochemothera-
py, aiming to evaluate the accuracy of ERUS
after radiochemotherapy and before surgery,
and to investigate the correlations between
clinical indices and accuracy.

MATERIALS AND METHODS

A total of 114 patients diagnosed as
low rectal cancer in our hospital from Febru-
ary 2018 to December 2020 were enrolled,

including 69 males and 45 females, aged
(57.3%6.2) years old. Digital anal examina-
tion showed that the distance between the
tumor lower edge and the anal verge was 4-7
cm. The inclusion criteria were as follows: a)
patients who were diagnosed with stage II or
III low rectal cancer (regional stage T3/T4)
by ERUS and MRI for the first time, and ultra-
sound probe could scan the tumor complete-
ly through the intestinal cavity. b) those who
had no surgical contraindications, and were
administered with surgery at eight weeks after
neoadjuvant radiochemotherapy (2 Gy/time,
22 times, for a total radiotherapy dose of 44
Gy, while oral capecitabine 2500 mg/(m?-d),
bid for two weeks followed by one week rest
as one cycle, for two cycles. And ¢) those who
underwent neoadjuvant radiochemotherapy
and total mesorectal excision, with ERUS
examination at 4-8 weeks after neoadjuvant
therapy and before surgery, and postoperative
pathological staging and Wheeler rectal can-
cer regression grade (RCRG). The exclusion
criteria involved: a) patients whose dosage
of neoadjuvant radiochemotherapy did not
reach the standard, or b) those whose radi-
cal excision did not reach the requirement. In
the present study, the staging standard met
the National Comprehensive Cancer Network
(NCCN) guidelines of 2014.

METHODS

Philips iU 22 color Doppler ultrasound
system (Netherlands) with C8-4V intracavi-
tary ultrasonic probe was selected. The fre-
quency of ERUS was 5-10 MHz. The probe was
inserted into the rectal cavity to complete a
“360-degree view” of the tumor. The location,
length, diameter, shape, echo, and depth of
invasion, followed by the number, size, and
echo of the peri-intestinal lymph nodes were
observed, and the blood flow distribution in
the lesion, the max length of the longitudinal
axis of the lesion, the max thickness of the
tumor, and T staging (T1: hypoechoic shad-
ow is confined to the first three layers; T2:
hypoechoic shadow is present in the fourth

Vol. 63(2): 147 - 155, 2022



150

Gao et al.

layer, but the fifth layer is smooth; T3: hy-
poechoic shadow is present in the fifth layer;
T4: hypoechoic shadow is present in the in-
testinal lining and partly surrounding tissues
or organs) were determined. Color Doppler
blood flow imaging grading was performed
according to the intensity of blood flow sig-
nals: grade 0: no blood flow signal, grade I:
blood flow signals of focal region, grade II:
multi-point and strip blood flow signals, and
grade III: large amounts of dot and strip blood
flow signals. ERUS was compared with path-
ological T staging to evaluate under-stage,
over-stage and accuracy, and the correlations
of patient’s age, gender, distance between the
lower edge of the tumor and the anus, review
time of ERUS, nerve invasion, vascular inva-
sion, lymph node metastasis, postoperative T
staging and Wheeler rectal cancer regression
grade with ERUS re-staging accuracy after
neoadjuvant radiochemotherapy were sub-
jected to univariate analysis to identify the
factors affecting the accuracy.

STATISTICAL ANALYSIS
SPSS 20.0 software was employed for
statistical analysis. Numerical data were ex-
pressed as percentage [n (%)] and analyzed

using chi-square test. Measurement data
were expressed as mean * standard devia-
tion (3 * s), and t-test was used for com-
parison between two groups. The factors
affecting the accuracy of post-necoadjuvant
radiochemotherapy re-staging examined
with ERUS was evaluated by logistic regres-
sion analysis. P<0.05 indicated that the dif-
ference was statistically significant.

RESULTS

Changes in indices after neoadjuvant
radiochemotherapy with ERUS

ERUS showed that the blood flow dis-
tribution within the lesion significantly
declined (¥*=159.723, p<0.001) after
neoadjuvant radiochemotherapy, when
compared with the pre-treatment lesion.
The max length of the longitudinal axis of
the lesion and the max thickness of the
tumor were reduced [(5.38+0.34) cm ws.
(2.15= 0.14) cm, (3.03%x0.24) cm vs.
(0.96x0.12) cm] (t=93.792, p<0.001;
t=82.368, p<0.001). Compared with be-
fore pre-neoadjuvant radiochemotherapy,
uT staging had a significant difference
after neoadjuvant radiochemotherapy
(x*=58.455, p<0.001) (Table 1).

Table 1
Changes in indices after neoadjuvant radiochemotherapy with ERUS (n=114).

Pre-neoadjuvant

Post-neoadjuvant

G radiochemotherapy radiochemotherapy X/t P
Blood flow (n) v’=159.723 <0.001
0 0 42
0 0 51
0 51 15
0 63 6
Max length (cm) 5.38+0.34 2.15+0.14 t=93.792 <0.001
Max thickness (cm) 3.03+0.24 0.96+0.12 t=82.368 <0.001
uT stage(n) ¥*=58.455 <0.001
T1 0 12
T2 0 36
T3 63 52
T4 51 24
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ERUS and pathological T staging after
neoadjuvant radiochemotherapy

Compared with postoperative patho-
logical T staging, ERUS showed 88.89% of
over-stage in T1 stage, 21.43% of under-stage
and 50% of over-stage in T2 stage, 45.45% of
under-stage and 27.27% of over-stage in T3
stage, 0 of under-stage and over-stage in T4
stage, and 21.05% of under-stage and 47.37%
of over-stage in T stage (overall), and the ac-
curacies of ERUS in T1, T2, T3, T4 and T stag-
es (overall) were 11.11%, 28.57%, 27.27%,
100% and 31.58%, respectively (Table 2).

Clinicopathological factors affecting
ERUS re-staging accuracy after
neoadjuvant radiochemotherapy

Univariate and multivariate logistic
analyses indicated that review time of ERUS,
post-operative T staging and Wheeler rectal
regression stage were factors affecting ERUS
re-staging accuracy. ERUS was more accu-
rate in patients with review time of ERUS =6
weeks after neoadjuvant radiochemotherapy,
ypT4 and RCRG3 (Tables 3 and 4).

DISCUSSION

The incidence rate of low rectal can-
cer is higher among colorectal tumors.
The anatomical structure of the low rec-
tum is different from that of the high rec-
tum, and the effect of radical surgery is
poor for low locally advanced rectal cancer
in the past, with a poor prognosis. With
the extensive development, the role of

neoadjuvant radiochemotherapy with the
advantages of increasing the radical cure
rate of low locally advanced rectal cancer,
reducing the recurrence rate, increas-
ing the sphincter preservation rate and
prolong the survival time, has been con-
firmed 7%, In the NCCN guidelines, it has
been definitely proposed to perform neo-
adjuvant radiochemotherapy for stages II
and III low rectal cancer (regional stage
T3 and T4). For low rectal cancer within
5 c¢m from the anus, ERUS has unique ad-
vantages °. In a previous study, it showed
that the accuracy of ultrasound is 63-96%
in the preoperative staging of low rectal
cancer, which is 87-98% in MRI '°. Howev-
er, there are still few reports on the evalu-
ation value of ERUS after neoadjuvant ra-
diochemotherapy and before surgery.

The accuracy of ultrasound in different
locations of rectal cancer differs greatly dur-
ing the determination of the degree of inva-
sion of the primary rectal cancer. Especially,
ultrasound endoscopic scanning is required for
middle and upper rectal cancer, which greatly
affects the accuracy, but for low rectal cancer,
intracavitary ultrasound probes can easily and
completely scan the primary lesion to evaluate
the length, thickness, depth of invasion, blood
flow, and circumferential margins '''?. Under
ERUS, the normal rectal wall is a S-layer struc-
ture with a thickness of 2-3 mm with alternat-
ing high and low echoes, containing mucosa,
mucosal muscle, submucosa, propria muscle,
serous membrane and subserosal layer, sur-
rounding with adipose tissues, mesangial fascia

Table 2
EURS and pathological T staging after neoadjuvant radiochemotherapy.

EURS stage(n)

EURS stage

Total
uTl uT2 uT3 uT4

Over staging

Underestimate staging Accuracy

ypIl 3 9 15 0 27 0
21.43% (9/42)
45.45% (15/33)
ywI4 0 0 0 12 12 0
114 21.05% (24/114)

ypI2 9 12 18 3 42
ywI3 0 15 9 9 33

Total 12 36 2 24

9]

88.89% (24,/27)
50.00% (21/42) 28.57% (12/42)
27.27% (9/33) 27.27% (9/33)
0 100.00%(12/12)
47.37%(54/114) 31.58% (36/114)

11.11% (3/27)
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outside the adipose tissues, and the primary invasion into intestinal wall, disappearance of
lesion is characterized by irregularly shaped normal intestinal wall structure, abundant ar-
masses, with uneven low echoes, some mul- teriovenous blood flow in the tumor, and high
tiple micro-calcifications, different depths of resistance of arterial blood flow 314,

Table 3

Univariate analysis results of factors affecting ERUS re-staging accuracy after
neoadjuvant radiochemotherapy

_— ERUS stage
Accurate (n=36) Inaccurate (n=78) . p

Age (years) 1.661 0.197
<60 48 12 36

>60 66 24 42

Gender 3.013 0.083
Male 69 26 43

Female 45 10 35

tamor 10 anas (o 2537 0111
<3 60 15 45

>3 54 21 33

Follow up check of ERUS (weeks) 9.204 0.002
<6 42 6 36

=6 72 30 42

Nerve invasion 0.506 0477
Negative 93 28 65

Positive 21 8 13

Vessel invasion 0.050 0.822
Negative 27 9 18

Positive 87 27 60

Lymph node metastasis 0.201 0.654
Negative 51 15 36

Positive 63 21 42

Post-operation stage 37.948 <0.001
ypT1 27 3 24

ypT2 42 12 30

ypT3 33 9 24

ypT4 12 12 0

PCRG 21.732 <0.001
PCRG1 33 3 30

PCRG2 39 9 30

PCRG3 42 24 18
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Table 4
Multivariate logistic analysis results of factors affecting ERUS re-staging accuracy
after neoadjuvant radiochemotherapy.
Item Regre':s‘smn Standard Wald 2 OR 95% CI .
coefficient error

Review time of ERUS 2.203 0297 5389 1727  1.063~2.804  0.004
=6 weeks
ypT4 2.687 0.172 6.835 2.010 1.928~4.400  0.000
PCRG3 2.236 0.238 4.623 2.581 1.689~3.479  0.022
Constant term 1.784 0.348 76.436 6.053 0.006

After neoadjuvant radiochemotherapy,
the primary tumor is prone to pathological
features such as necrosis, fibrosis, reduced
density, and decreased blood supply, and the
original 5-layer structure of the intestinal
wall is destroyed, so that MRI or ERUS re-
staging accuracy is poor . Compared with
before pre-neoadjuvant radiochemotherapy,
ERUS showed that the blood flow distribu-
tion within the lesion significantly declined,
the max length of the longitudinal axis of
the lesion and the max thickness of tumor
were significantly reduced, most stage T3 or
T4 rectal cancer was reduced to T1 or T2,
and the uT staging was decreased after neo-
adjuvant radiochemotherapy.

These results demonstrated that ERUS
is of clinical guiding significance in the
evaluation of tumor length, thickness and
blood flow after radiochemotherapy, and
can effectively evaluate the efficacy of adju-
vant therapy. Compared with postoperative
pathological T re-staging, the results dis-
played that ERUS showed 88.89% of over-
stage in T1 stage, 21.43% of under-stage
and 50% of over-stage in T2 stage, 45.45%
of under-stage and 27.27% of over-stage in
T3 stage, 0 of under-stage and over-stage
in T4 stage, and 21.05% of under-stage and
47.37% of over-stage in T stage (overall),
and the accuracy of ERUS in T1, T2, T3, T4
and T stage (overall) was 11.11%, 28.57%,
27.27%, 100% and 31.58%, respectively.
The above results suggested that ERUS has
extensive under-stage in T1 and T2 stages,

and the accuracy is extremely poor. The
reason may be that neoadjuvant therapy is
absolutely effective for the primary lesion
of T1 and T2 re-staging, and the 5-layer
structure of the intestinal wall is difficult
to distinguish. Because of tumor regres-
sion, fibrous interstitial tissue prolifera-
tion, reduced distribution of tumor cells in
the interstitium, and decreased blood flow
of the tumor, the accuracy of the stratifica-
tion of the mucosal layer, mucosal muscle,
submucosal layer and muscularis propria is
poor, and the fibrous interstitial tissue with
incomplete shrinkage may be mistaken
for residual tumors, resulting in excessive
staging 1°. A previous study indicated that
the total accuracy of ERUS T staging after
neoadjuvant radiochemotherapy is 48%,
with 38% of over-staging and 14% of under-
staging, tumor regresses notably in the pri-
mary tumor that is sensitive to radiochemo-
therapy, and the accuracy of re-staging is
poor 7 similar to the results of this study.
The results of this study showed that ERUS
was more accurate for T4 re-staging, be-
cause T4 re-staging indicates ineffective or
extremely poor effect of neoadjuvant radio-
chemotherapy. Studies have displayed that
the accuracy of ERUS and MRI is close to
100% in T4 stage with larger tumor, so the
depth of invasion is more accurate, and the
evaluation accuracy is higher. Further uni-
variate analysis showed that review time of
ERUS, postoperative T staging and Wheeler
rectal cancer regression grade are factors
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affecting ERUS re-staging accuracy in low
rectal cancer. The accuracy is higher in pa-
tients with review time of ERUS =6 weeks.
The reason may be that the edema begins to
subside 4 weeks after radiotherapy, and the
boundary of tumor regression is more obvi-
ous, achieving the maximum effect at 6-8
weeks. Hence, ERUS can more accurately
distinguish the intestinal wall level after six
weeks. Patients with ypT4 and PCRG3 have
poor response of tumor to radiochemother-
apy, consistent with RCR3 of regression,
and higher accuracy of T4 staging men-
tioned above. ERUS is poorly accurate for
regional re-staging of obvious regression af-
ter radiochemotherapy, and more accurate
for T4 re-staging of unobvious regression
after radiochemotherapy. Besides, different
operators with experience, different types
of probes and fuselages are also factors that
affect the results of ERUS.

In conclusion, ERUS can effectively
allow the evaluation of the efficacy of low
rectal cancer after neoadjuvant radioche-
motherapy, including length, volume and
blood flow. However, it is poorly accurate
for those with prominent effect of neoad-
juvant radiochemotherapy and T staging
with effective regression, and more accu-
rate for those primary lesions with non-
prominent effect of neoadjuvant radioche-
motherapy and poor tumor regression.
Besides, ERUS has a higher accuracy for
the review time at 6 weeks after neoadju-
vant radiochemotherapy. Regardless, this
study still has limitations. First, the sam-
ple size is small, and further verification
is needed with a large population. Second,
the scan range of ERUS is limited, which
cannot display tumors in the upper rectal
segment. Third, ERUS does not work well
for rectal cancer in the immediate vicin-
ity of the anus or mesorectal lymph nodes.
Particularly, patients after receiving neo-
adjuvant radiotherapy probably cannot
tolerate the pain during examination be-
cause the mucosa is damaged.
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Clinical value of combined detection of
thrombus precursor protein and P-selectin
in the diagnosis of acute coronary syndrome.
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markers of prethrombotic state.

Abstract. Acute coronary syndrome (ACS), including acute myocardial in-
farction (AMI) and unstable angina (UA), is the most threatening and lethal
form of coronary heart disease. ACS has an abrupt onset and rapid develop-
ment, which may lead to fatal conditions at any time. Thus, it is never too early
to detect and diagnose patients with ACS. The objective of this work was to
explore the significance of the combined detection of plasma thrombus precur-
sor protein (TpP) and serum P-selectin (Ps), in the detection and diagnosis of
patients with early ACS. A total of 126 subjects were included in the study, 64
ACS patients, 30 individuals with stable angina (SA) and 32 healthy persons
who were selected as the control groups. There were no differences in gender,
age, ethnicity, or blood glucolipid levels among the groups. Enzyme linked im-
munosorbent assay (Elisa) was used to quantitatively determine the plasma
levels of TpP and Ps. The levels of the two biomarkers in the case group were
significantly higher than those in the control groups. Among the ACS patients,
the levels of TpP and Ps were higher in AMI patients than in the UA patients.
In addition, there was no significant differences in the levels of Ps between
SA patients and healthy persons. In conclusion, plasma TpP and serum Ps are
remarkably increased in patients with ACS. Therefore, TpP and Ps may serve
as ACS indicators, and their measurement may provide a support for an early
clinical identification of ACS.
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Valor clinico de la deteccion combinada de proteina precursora
de trombo y selectina P en el diagnéstico del sindrome

coronario agudo.
Invest Clin 2022; 63 (2): 156 — 162

Palabras clave: sindrome coronario agudo; proteina precursora de trombo: P-selectina;

marcadores moleculares de estado pretrombético.

Resumen. El sindrome coronario agudo (SCA), que incluye el infarto
agudo de miocardio (IAM) y la angina inestable (Al), es la forma mas amena-
zante y letal de enfermedad coronaria. El SCA tiene un inicio abrupto y un
desarrollo rapido, lo que puede conducir a condiciones fatales en cualquier
momento. Por lo tanto, nunca es demasiado pronto para detectar y diagnosti-
car pacientes con SCA. El objetivo de este trabajo fue explorar la importancia
de la deteccion combinada de la proteina precursora de trombos plasmaticos
(TpP) vy la selectina P sérica (Ps), en la deteccion y diagnostico de pacientes
con SCA precoz. Se incluyeron en el estudio un total de 126 sujetos, 64 pa-
cientes con SCA, 30 individuos con angina estable (AE) y 32 personas sanas
que fueron seleccionadas como grupos de control. No hubo diferencias en el
género, la edad, el origen étnico o los niveles de glucolipidos en sangre entre
los grupos. Se usé el ensayo inmunoabsorbente ligado a enzimas (Elisa) para
determinar cuantitativamente los niveles plasmaticos de TpP y Ps. Los niveles
de los dos biomarcadores en el grupo de casos (SCA) fueron significativamen-
te mas altos que los de los grupos de control. Entre los pacientes con SCA,
los niveles de TpP y Ps fueron mas altos en los pacientes con IAM que en los
pacientes con Al. Ademas, no hubo diferencias significativas en los niveles de
Ps entre pacientes con SA y personas sanas. En conclusion, la TpP plasmatica
y la Ps sérica estdan notablemente aumentadas en pacientes con SCA. Por lo
tanto, TpP y Ps pueden servir como indicadores de SCA y su medicion puede
proporcionar un apoyo para una identificacion clinica temprana de SCA.

Received: 24-08-2021  Accepted: 28-04-2022

INTRODUCTION

Acute Coronary Syndrome (ACS) refers
to a group of clinical syndromes with acute
myocardial ischemic events due to a sudden
obstruction of the coronary blood flow. It is
almost always associated with the rupture
of an atherosclerotic plaque and partial or
complete thrombosis of the infarct-related
artery.

ACS generally is divided into ST-seg-
ment elevation myocardial infarction (STE-
MI), non-ST-segment elevation myocardial
infarction (NSTEMI) and unstable angina
(UA). The occurrence of ACS is primarily
due to plaque erosion or plaque rupture af-
ter coronary atherosclerosis, and can cause
incomplete occlusion of blood vessels or
secondary complete occlusive thrombosis,
which ultimately leads to acute myocardial
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ischemia'. ACS is easy to be missed in the
clinical area due to the fact that its signs
and symptoms usually begin abruptly. ACS
progresses rapidly, which affects the survival
time and quality of life of ACS patients 3.
Therefore, an early diagnosis is very impor-
tant for ACS.

Thrombosis is one of the leading
causes of atherosclerotic plaque forma-
tion. The detection of thrombus markers
can identify whether the patient is in the
prethrombotic state, which is of particu-
lar significance to assess the risk of ACS.
The thrombus precursor protein (TpP) is
a marker, and the most direct evidence,
of impending thrombosis *. P-selectin (Ps)
is a member of the selectin family of cell
adhesion molecules, which plays a vital
role in the initiation of inflammation, the
mediation of leukocyte adhesion and ag-
gregation on the endothelium, and the
formation of thrombus 5. In this study,
through the determination of the above
two biomarkers in healthy individuals and
patients with ACS or SA in our hospital,
we comprehensively analyzed the differ-
ences in the levels of the two factors in
each studied group and investigated the
significance of combined detection of TpP
and Ps in the early diagnosis of ACS.

MATERIALS AND METHODS

Subjects and study design

Sixty-four patients with ACS treated in
the Shanghai Xinhua Hospital Chongming
Branch, from October 2019 to October
2020, were randomly selected as the case
groups (including 30 patients with unsta-
ble angina (UA) and 34 patients with acute
myocardial infarction (AMI) (18 patients
with NSTEMI, 16 patients with STEMI)).
Thirty patients with stable angina (SA) and
32 healthy people corresponding to the
case group in terms of gender, age, ethnic-
ity, ete. were selected as the control groups.
The study was conducted in accordance with
the Declaration of Helsinki, and the proto-

col was approved by the Ethics Committee
of Xinhua Hospital Chongming Branch. All
subjects gave their informed consent for
inclusion before participating in the study
(on admission). After admission, patients
in each group received a routine electrocar-
diogram (or dynamic electrocardiogram),
and the grouping was determined after the
measurement of myocardial enzymes. Pa-
tients receiving platelet therapy, or with an
abnormal coagulation function (DIC, he-
mophilia, leukemia, abnormal coagulopa-
thy caused by severe liver disease, vitamin
K deficiency) were excluded.

Baseline data were collected, includ-
ing gender, age, nationality, blood glucose,
blood lipids, and myocardial enzyme index-
es. All the candidates had 4 ml of fasting ve-
nous blood drawn at 8:00 in the morning af-
ter admission. The Ps tube was immediately
centrifuged at 3,000 rpm for 10 minutes to
collect serum. The TpP tube was added with
sodium citrate for anticoagulation and cen-
trifuged at 3,000 rpm for 10 minutes to col-
lect plasma. The collected serum and plasma
were stored at —70° for testing.

Biomarker assays

Serum P-sclectin was determined using
a kit provided by Wuhan USCN Business Co.,
Ltd., and plasma TpP was measured with a
kit provided by Wuhan Cusabio Technology
LLC. The model of the microplate reader
was Shanghai Kehua st-360.

Statistical analyses

The data obtained from the experiment
were analyzed by SPSS 22.0 statistical soft-
ware. The measurement data were expressed
by y = SD. The comparison between means
was made by the Student’s t-test (analysis of
variance was used to compare more than two
groups). The counting data was represented
by the composition ratio, and comparison
between groups was by the y? test. P<0.05
indicated that the difference was statistical-
ly significant.
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RESULTS

Basic characteristics of the study
participants

The details of demographic data of the
126 study participants are listed in Table 1.
The results showed that there were no sig-
nificant differences in age and sex among
the groups.

Comparison of results between Stable
Angina patients and healthy people

The results in Table 2, show that there
were no statistically significant differences
in age, blood glucose concentration, blood
lipid concentration or the serum Ps levels
between stable angina patients and healthy
people (P>0.05). The serum TpP level of pa-
tients with SA was higher than that of the
healthy people (P<0.05).

Comparison within case groups

In the case groups, there was no signifi-
cant difference in the baseline data between
patients with UA, STEMI and NSTEMI (P>
0.05). The serum levels of Ps and TpP of pa-
tients with NSTEMI and STEMI were higher
than those of patients with UA (P<0.05).
See Table 3.

Comparison of results between case
and control groups

The demographics, clinical, and labora-
tory data (age, gender, blood glucose, blood
lipids, etc.) between case groups and control
groups had no significant difference (P>
0.05). The Ps and TpP levels of case groups
were significantly higher than those of con-
trol groups (P<0.05). Sece Table 4.

Table 1
Basic information of patients.

ACS Control Groups
Index p
UA NSTEMI STEMI SA Healthy
n=30) (n=18) (=16) (m=30) (n=32)
Age 67.40x10.669 61.44+x14.454 65.00=8.990 65.97+10.361 62.22*+14.988 NS
Gender Male 21/70 13/72 22/73 22/73 19/60 NS
(n/%)
Female 9/30 5/28 8/27 8/27 19/60
(n/%)

ACS: Acute coronary syndrome; UA: unstable angina; NSTEMI: non-ST-segment elevation myocardial infarction;
STEMI: ST-segment clevation myocardial infarction; SA: stable angina.

Comparison of results between St’:l‘?)ll);eAig‘ina patients and healthy people.
Index SA Group (30 cases) Healthy Group (32 cases) p
Age (years) 65.97+10.361 62.22+14.988 NS
Blood glucose (mmol/L) 6.54+1.946 6.30£2.257 NS
Blood lipid (mmol/L) 1.69+1.544 1.60+1.069 NS
Ps (ng/mL) 45.74+28.427 58.12+36.322 NS
TpP (ng/mL) 4.27+1.932 2.73x1.159 0.001

SA: stable angina Ps: P-selectin TpP: Thrombus precursor protein.
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Table 3
Comparison of the results of UA, NSTEMI and STEMI within the case group.
Index UA NSTEMI STEMI p
(30 cases) (18 cases) (16 cases) (aand c1) (aandc2) (cl and c2)

Blood glucose 6.57+2.253 8.52+4.150 7.09+£2.041 NS NS NS
(mmol/L)

Blood lipids 1.81+1.504 1.91+1.198 1.99+1.168 NS NS NS
(mmol/L)

Ps (ng/mlL) 39.09+12.139 87.40+37.413 93.39+£39.000 <0.001  <0.0010 NS
TpP (ng/mL) 6.03+£2.033 9.82+3.659 10.93+£3.725  0.001 0.001 NS

UA: unstable angina NSTEMI: non-ST-segment clevation myocardial infarction; STEMI: ST-segment elevation myo-
cardial infarction Ps: P-selectin TpP: Thrombus precursor protein.

Table 4
Comparison of results between case and control groups.
Index Case Control p

Age (years) 65.23+11.396 64.03+12.990 0.581
Blood glucose (mmol/L) 7.20x2.886 6.41%x2.103 0.090
Blood lipids (mmol/L) 1.89+1.326 1.64+1.318 0.319
Ps (ng/mL) 66.25+38.39 52.13+33.07 0.029

TpP (ng/mL) 8.32+3.69 3.47+1.746 <0.001

Ps: P-selectin TpP: Thrombus precursor protein.

DISCUSSION

Many studies have confirmed that ACS is
caused by unstable plaque, surface rupture,
and breakage in the coronary arteries, which
cause bleeding and thrombosis, leading to
partial or complete occlusion of the coro-
nary arteries. Platelet adhesion, activation,
aggregation, and thrombosis are central to
its pathogenesis °. Through the detection of
related factors involved in thrombosis, the
early recognition of ACS can be improved.

TpP is a high molecular weight soluble
fibrin polymer, formed by the polymerization
of fibrin monomers produced by the action
of thrombin on fibrinogen and is the direct
precursor of insoluble fibrin. Studies have
confirmed that when the TpP level rises, it
means that the thrombus has started, and

the fibrin monomer has begun to polym-
erize, which can be used as a predictor of
thrombosis 7. Because of the specific anti-
genic determinants on the structure, this
antigenic determinant does not exist on fi-
brinogen and fibrin degradation products. It
may be more clinically significant than other
indicators for diagnosing various thrombotic
diseases ®.

Ps is a member of the selectin family of
adhesion molecules. It plays a vital role in
the process from leukocyte recruitment to
plaque rupture. Related experiments have
shown that Ps expression in platelets near
the ruptured plaque was significantly in-
creased, and there were a large number of
mononuclear macrophages and T lympho-
cytes around it ?. Many studies have also
confirmed that the level of Ps can be used
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to determine the incidence and severity of
coronary heart disease 1.

The levels of the two indicators in the
case group, were generally higher than those
of healthy individuals and SA patients, which
were similar to the results of Atalar ' and
Kayikcioglu et al. °. In addition, this study
found that the levels of Ps and TpP in pa-
tients with acute myocardial infarction were
significantly higher than those in patients
with unstable angina. This indicated that
there is a significant correlation between the
changes in the levels of the two and AMI, but
there is little difference between petients
with STEMI and NSTEMI. There was no sig-
nificant difference between healthy people
and SA patients. Ps and TpP may play a role
in early detection of ACS, but they cannot
distinguish between NSTEMI and STEMI.

The concentration of TpP in plasma re-
flects the activity of thrombin in circulation.
The increase of TpP indicates that the fibrin
monomer has polymerized, which indicates
that the thrombus is about to form (and is
an indicator of thrombus activity this is a rep-
etition). Stimulated by hypoxia, free radicals,
and thrombin, the expression of Ps increases,
which mediates the adhesion of leukocytes
and endothelial cells and plays a central role
in thrombosis 1%, Therefore, in patients
with ACS caused by thrombosis, the expres-
sion levels of TpP and Ps may be significantly
up-regulated. TpP is of great significance not
only for the early diagnosis but also for the
severity and prognosis of ACS ', Thus, TpP
cannot only be used for the diagnosis but also
for the classification of ACS in the future.

In summary, through the detection
of molecular markers of the prethrombot-
ic state, the early diagnosis of ACS can be
achieved. It provides crucial guidance for
further decisions on treatment options in
clinical work, reduces the risk of premature
death, improves the survival rate of patients,
and brings greater benefits to the clinical re-
sponse in the occurrence of acute cardiovas-
cular events.
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Concomitant acute lower extremity arterial
and deep vein thrombosis developing in a
patient under anticoagulant therapy after
COVID 19 infection.
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Abstract. The hypercoagulable state continues after the Coronavirus 2019
(Covid 19) infection and prophylactic anticoagulants are recommended in this
period. However, arterial and venous thromboembolic events can be observed
during the convalescence period after the Covid 19. Here, we present the case
of acute lower extremity arterial and venous thromboembolism developed in
the post-Covid 19 period in a 77-years-old patient, under therapeutic doses of
anticoagulant therapy (enoxparin 1mg/kg of weight every 12 hours). The pa-
tient, who had no previous history of arterial or venous thrombosis, was taken
to emergency surgery with the diagnosis of ALI (acute limb ischemia) due to
acute arterial thrombosis. An arterial thrombectomy was performed with the
help of a 4F Fogarty catheter inserted from the left femoral artery under local
anesthesia. All distal pulses of the patient were palpable in the postoperative
period. After the platelet count became >100,000 mm?, 100 mg of acetylsali-
cylic acid daily was added to the therapeutic dose of enoxaparin sodium treat-
ment. The patient was discharged, uneventfully, except for a minimal diameter
increase secondary to deep venous thrombosis (DVT) on the fifth postoperative
day, with a combination of enoxaparin and acetylsalicylic acid treatment. En-
dothelial injury, chronic immuno-thrombogenicity, and increased platelet ag-
gregation in the post-Covid 19 recovery period can cause major thrombotic
events, even weeks after the recovery. Anticoagulant therapy is recommended
for thromboprophylaxis when the following statuses exist: =65 years, critical
illness, cancer, prior VTE, thrombophilia, severe immobility, and elevated D-
dimer. Combination treatment with long-term antiaggregant therapy may be
prudent in thromboembolic events developed under anticoagulant therapy.
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Trombosis arterial aguda y trombosis venosa profunda
concomitantes de extremidad inferior en un paciente bajo
terapia anticoagulante después de infeccién por COVID 19.

Invest Clin 2022; 63 (2): 163 — 169
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Resumen. El estado de hipercoagulabilidad contintia después de la infec-
cion por Coronavirus 2019 (Covid-19) y la anticoagulacion profilactica se reco-
mienda durante este periodo. Sin embargo, eventos tromboembdlicos arteriales
y venosos se pueden observar durante el periodo de convalecencia posterior al

Jovid-19. Se presenta el caso de trombosis venosa profunda (TVP) y arterial
agudas de una extremidad inferior en una paciente de 77 anos, bajo terapia
anticoagulante (enoxparin 1mg/kg de peso, cada 12 horas), en el periodo post-
Jovid 19. La paciente, sin historia previa de trombosis arterial ni venosa, fue
llevada a cirugia de emergencia con el diagnostico de isquemia aguda de extre-
midades por trombosis arterial aguda. Se le realiz6 trombectomia arterial con
la ayuda de un catéter Fogarty 4F insertado desde la arteria femoral izquierda
bajo anestesia local. Todos los pulsos distales del paciente fueron palpables en
el periodo postoperatorio. Después de que las plaquetas llegaron a ser mayores
a100.000 mm?, 100 mg de acido acetilsalicilico diarios se anadieron a la dosis
terapéutica del tratamiento con enoxaparina sédica. La paciente fue dada de
alta sin incidencias, excepto por un minimo aumento de didmetro secundario
a la TVP, al quinto dia postoperatorio con la combinacién de enoxaparina y
acido acetilsalicilico. La lesion endotelial, la inmunotrombogenicidad cronica
y la agregacion plaquetaria aumentada en el periodo de recuperaciéon posterior
a Covid-19 pueden causar eventos trombdticos importantes incluso semanas
después de la recuperacion. La combinacion con terapia antiagregante a largo
plazo puede ser prudente en los casos de eventos tromboembdlicos desarrolla-
dos en pacientes con terapia anticoagulante.

Received: 20-02-2022  Accepted: 20-03-2022

INTRODUCTION

Due to Coronavirus 2019 (Covid 19)
infection, mostly pulmonary and cardiovas-
cular complications develop. It has been
demonstrated that patients with Covid 19 in-
fection are in a hypercoagulable state, which
causes arterial and venous thrombosis!. The
hypercoagulable state continues after Co-
vid 19, and long-term anticoagulant therapy
is recommended for its treatment 2. Acute

limb ischemia (ALI) and venous thrombo-
embolism are among the most common
vascular complications seen after Covid 19
infection 3. Especially in the patients that
develop ALI, high amputation and mortality
rates are reported °.

Here, we present a case of concomitant
lower extremity arterial and venous throm-
bosis that developed under anticoagulant
therapy in the early period after Covid 19
infection. A written informed consent was
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obtained from the patient for the report of
the details and images related to her case.

CASE REPORT

On September 27, 2021, a 77-year-old
female patient was referred to us from the
emergency department of the Isparta City
Hospital with complaints of tightness and
swelling in the left leg that had been pres-
ent for a day, and sudden coldness, pallor,
and severe pain below the knee for the last
two hours. As a result of physical examina-
tion, signs of coldness, pallor, prolongation
of capillary refill time, tightness, increase in
diameter and Homans sign were found in the
left lower extremity (Fig. 1). While all pulses
were palpable in the right lower extremity,
only the femoral pulse was palpable in the
left lower extremity. Monophasic flow pat-
tern was determined with manual Doppler in
the popliteal artery, but flow could not be
determined with manual Doppler in the dis-
tal pulses. An electrocardiogram revealed si-
nus tachycardia at a rate of 105 per minute.

Urgent blood test results were found as fol-
lows: white blood cell 10,720/mm?® (normal
range <10,000), lymphocyte 680/mm? (nor-
mal range 800-4,000), cosinophil 10/mm?
(normal range 20-50), platelet 84,000/mm?
(normal range 100,000-400,000), hemoglo-
bin 9.5 ¢/dL (normal range 12-16), D-dimer
value 0.92 mg/L (normal range 0-0.55), pro-
thrombin time 12.4 seconds (normal range
10.5-14.5), activated partial thromboplastin
time 21.6 seconds (normal range 21.6-35),
and international normalized ratio 1.11
(normal range 0.8-1.2). Other biochemical
parameters were found normal. A computed
tomography angiogram (CTA) taken on the
patient revealed an intraluminal thrombus
extending from the distal part of the left su-
perficial femoral artery to the tibioperoneal
trunk (Figs. 2a, 2b). In addition, calibration
increases were observed in the main and su-
perficial femoral veins (Fig. 2¢). Acute deep
venous thrombosis (DVT) extending from
the popliteal vein to the external iliac vein
was determined by venous Doppler ultra-
sound.

Fig. 1. Significant increase in the diameter and cyanotic areas in patches in the left lower extremity.
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Fig. 2. Computed tomography angiogram a) and b) acute thrombus material in the left superficial femoral
artery ¢) Calibration increase in the left common femoral vein due to acute thrombus material.

In the patient’s medical history,
there was a diagnosis of Covid 19 pneu-
monia confirmed by reverse transcription-
polymerase chain reaction test and chest
computed tomography 36 days before the
thrombotic event. After 21 days of inten-
sive care and 11 days of chest diseases ser-
vice follow-up, the patient was discharged
from the hospital a with therapeutic dose
of enoxaparin sodium treatment (Img/
kg of weight every 12 hours) (Fig. 3). D-
dimer value was found as 0.78 mg/L (nor-
mal range 0-0.55) and platelet was found
as 202,000 mm3 (normal range 100,000-
400,000) at discharge. The patient had
not been vaccinated against Covid 19 in-
fection prior to the event.

The patient, who had no previous his-
tory of arterial or venous thrombosis, was
taken to emergency surgery with the diag-

nosis of ALI due to acute arterial throm-
bosis. An arterial thrombectomy was
performed with the help of a 4F Fogarty
catheter inserted from the left femoral ar-
tery under local anesthesia. The catheter
was introduced to a 70 cm distal length.
Abundant and fresh thrombus material
was removed. All distal pulses of the pa-
tient were palpable in the postoperative
period. After the platelet count became
>100,000 mm3, 100 mg of acetylsalicylic
acid daily was added to the therapeutic
dose of enoxaparin sodium treatment.
Leg elevation was applied. The patient
was discharged from the cardiovascular
surgery service uneventfully on the fifth
postoperative day with the combination of
enoxaparin and acetylsalicylic acid, except
for a minimal diameter increase second-
ary to DVT.
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Fig. 3. Timeline of patient of this article.

DISCUSSION

Apart from pulmonary involvement, co-
agulopathy and cardiovascular effects, which
cause significant increases in morbidity and
mortality rates due to Covid 19 infection,
are relatively common *. As detected in our
case, increased fibrin degradation products,
as well as high D-dimer and low platelet lev-
els, may be an indicator of thrombotic com-
plications that develop or may develop °.

ALI is less common than venous throm-
bosis in patients with Covid 19. ALI due to
arterial thrombosis can be seen after Covid
19 infection as well as during the acute in-
fection period. Borrelli et al. reported cases
of arterial thrombosis that developed 15-45
days after respiratory symptoms in the pa-
tients whose Covid 19 treatment was com-
pleted and nasopharyngeal swab test was
negative °, and Bozzani et al reported cases
of arterial thrombosis that developed after
41-149 days in the patients with the same
conditions 7. In our case, the swab test was
negative during the convalescence, and arte-
rial and venous acute thrombosis was detect-
ed under therapeutic dose of anticoagulant
therapy on the 19th day.

Virchow’s classic triad for thrombosis
consist of stasis, endothelial injury, and a
hypercoagulable state. Hypercoagulability
and stasis particularly affect acute throm-
bogenesis. This may play a lesser role in the
arterial and venous events seen in conva-
lescent Covid 19 patients. The most impor-

Covid test:
undetected

+

September 23 September 27 October 2

Development
of pain in the
left foot and a
visit to hosital

Discharge from
the hospital again

Discharge from
the hospital

tant mechanism here may be endothelial
injury and dysfunction. The multisystem
inflammatory syndrome, which includes
myocarditis and inflammatory vasculopa-
thy and seen in the recovery period after
Covid 19 in children, is an indicator of en-
dothelial dysfunction and injury 8. Chronic
immuno-thrombogenicity, which develops
and accumulates especially after mild or
asymptomatic Covid 19 infection, may also
cause major thrombotic events even weeks
later 2. Another cause of thrombogenicity
may be increased platelet aggregation. Zaid
et al showed severe acute respiratory syn-
drome coronavirus 2 RNAs and high plate-
let-associated cytokine levels in platelets
in their 115 cases studied. In this study as
well, platelet aggregation occurred at lower
concentrations of thrombin than it was ex-
pected °.

There is no consensus on long-term
thromboprophylaxis following Covid 19 in-
fection. Guidelines for COVID 19 are de-
rived from recommendations in medically
ill populations. Although therapeutic doses
of low molecular weight heparin (LMWH)
have been recommended for the patients
with Covid 19 and standard thromboprophy-
laxis, by taking the high incidence of venous
thromboembolism (VTE) into consider-
ation, the American College of Chest Phy-
sicians recommends standard prophylactic
LMWH due to the lack of clinical trial data
10 On the other hand, the International So-
ciety on Thrombosis and Hemostasis (ISTH)
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guidelines recommend thromboprophylaxis
with LMWH and a direct oral anticoagulant
(DOAC) in patients with low bleeding and
high VTE risks. ISTH has identified as high-
risk factors the age older than 65 years,
critical illness, cancer, prior VTE, throm-
bophilia, severe immobility, and elevated
D-dimer. The ISTH suggests a duration of
14 to 30 days for post discharge thrombo-
prophylaxis, although optimal duration re-
mains unclear . Although prophylaxis was
initiated with a therapeutic dose of LMWH
treatment in our case, who was considered
with high risk due to high D-dimer level
and advanced age, antiaggregant agent was
added to the treatment in the postopera-
tive period, considering possible increased
platelet aggregation due to the simultane-
ous occurrence of arterial and VTE.

More systematic, randomized controlled
studies on Covid 19-related thrombosis are
needed. Results of ongoing clinical trials,
such as the ACTIV-4 trial (NCT04498273),
which have specifically evaluated prophylac-
tic antiaggregant and anticoagulant therapy;,
are awaited.

In conclusion, anticoagulant agents
and thromboprophilaxis should be consid-
ered especially in high-risk patients after
Covid 19 infection. The combination of an-
ticoagulant and antiaggregant prophylaxis
should also be kept in mind in patients with
low bleeding risk. It may be rational to add
a long-term antiaggregant to the treatment,
especially in thromboembolic events devel-
oped under anticoagulant therapy.
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Epidemiologia del virus del papiloma
humano.
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Resumen. La presente revision narrativa fue realizada con el objeto de
investigar y recopilar la informacién mas reciente y relevante sobre la epi-
demiologia del Virus del Papiloma Humano y su relacion con las patologias
asociadas a €l, en especial la patologia maligna del area genital femenina. La
revision de la literatura fue realizada electronicamente en PubMed, Medline,
ISI, DOAJ, Springer, Embase. Web of Knowledge, DOAJ, y Google Scholar para
los articulos escritos en el idioma inglés. Los portales Scielo, Latindex, Imbio-
med-L, Redalyc y Google Scholar fueron revisados en btisqueda de articulos
escritos en el idioma espanol. La bisqueda incluy6 las palabras claves: epide-
miologia del virus del papiloma humano, taxonomia viral, estructura del virus
del papiloma humano, clasificacién del virus del papiloma, nomenclatura del
virus del papiloma humano, patologias asociadas al virus del papiloma huma-
no, virus papiloma humano y cancer del cuello uterino, virus del papiloma
humano y cancer de vulva, y virus del papiloma humano y cancer de vagina. Se
buscaron, revisaron y analizaron las publicaciones desde enero de 1987 hasta
agosto de 2021. Esta revision narrativa investig6 la epidemiologia del virus
del papiloma humano y sus patologias asociadas, en especial las malignas del
area genital femenina.
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Epidemiology of human papillomavirus.

Invest Clin 2022; 63 (2): 170 — 184

Key words: human papillomavirus; taxonomy; nomenclature; epidemiology; cervical

cancer; vulvar cancer; vaginal cancer.

Abstract. The present narrative review was conducted to investigate and
to compile the most recent and relevant information about the epidemiology of
the Human Papilloma Virus and its relationship with the pathologies associated
with it. Literature searches were performed electronically in PubMed, Medline,
ISI, DOAJ, Springer, Embase. Web of Knowledge, DOAJ, and Google Schol-
ar for original articles written in the English language and Scielo, Latindex,
Imbiomed-L, Redalye, and Google Scholar for original articles written in the
Spanish language. The searches included the keywords: epidemiology of human
papillomavirus, viral taxonomy, the structure of human papillomavirus, classi-
fication of human papillomavirus, the nomenclature of human papillomavirus,
pathologies associated to human papillomavirus, human papillomavirus and
cervical, human papillomavirus and vulvar cancer and human papillomavirus
and vaginal cancer Publications from January 1987 to August 2021 reviewed.
This narrative review researched the epidemiology of the human papillomavirus

and its pathologies associated especially the female genital area.

Recibido: 30-08-2021

INTRODUCCION

Los virus del papiloma (VPs) son virus
muy antiguos que infectan a los vertebrados
como los mamiferos, peces, reptiles, y aves.
Muestran una gran diversidad genotipica
y una amplia variacién en la presentacion
fenotipica de la infeccion!. Los VPs tienen
preferencia para infectar epitelios escamo-
sos diferenciados o estratificados y en los
humanos, la piel es uno de ellos®. Las lesio-
nes cutdneas producidas por los VPs fueron
mencionadas previamente por los griegos y
los romanos?®. La palabra papiloma viene del
latin moderno papilloma, término formado
por papilla, “pezén de mama de mujer”, que
alavez es el diminutivo de papula, que se tra-
duce como “inflamacién que adopta la forma
de una protuberancia en forma de pezon”, y

Aceptado: 30-11-2021

el sufijo castellano “oma”, derivado del grie-
g0 “oma”, en este caso con el significado de
tumor, como en melanoma, mieloma, etc.
Probablemente esta voz latina se vincule con
la vieja raiz indoeuropea “pap”, “hincharse”,
de la que quiza derivaron: “pippalaka” en
sanscrito, hace unos 2500 anos y la palabra
latina “pappa”, muy difundida en el lenguaje
infantil como “comida”, imitando el sonido
que emite un nifo cuando tiene hambre; en
la lengua griega pappas, “padre y pappos,
abuelo, pappe, teta”, en el idioma inglés de
los anos 1100 a 1500 d.C.; o “pap”, en el
alto germano hablado entre los siglos XII y
XVI d.C.; “papas”, en lituano; “pape”, en el
antiguo francés (siglos IX al XIV d.C.), una
especie de alimento acuoso a base de cerea-
les y carne; y “papa” en espaiiol y portuguds.
Existen registros de que “papilla y su plural
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papillae”, ya aparecian en escritos médicos a
finales del siglo XVII, mientras que papula,
como inflamacién, hacia los inicios del si-
glo XVIII, y papiloma entre 1855 y 1870. De
este modo, papiloma (papilloma) se traduce
como “tumor en forma de pezén o tetilla”.
La palabra “papilomatosis” deriva de la pa-
labra “papilloma, papillomat”, mas el sufijo
griego “osis”, que denota enfermedad’.

Los VPs pertenecen a la familia Papillo-
maviridae y son una familia de virus peque-
nos, heterogéneos, con 55 nm de diametro,
no envueltos con un genoma de doble cade-
na de ADN (ADNc¢) con 5.748 a 8.607 pares
de bases (bp) y esta compuesto en aproxi-
madamente en un 42 % de Guanina-Citosina
(36%-59%). Los VPs pueden infectar epite-
lios mucosos y queratinizados y puede coevo-
lucionar con su huésped sin producir enfer-
medad, sin embargo, algunos de estos virus
son patégenos capaces de intervenir en la
produccion de cancer*s. En los viriones no se
han encontrado componentes de naturaleza
lipidica ni glucidica y contienen el ADNc*
¢, La capside viral o envoltorio que cubre
o protege el ADNc tiene aproximadamente
600 A de diametro y consiste de 360 copias
arreglados en 72 capséomeros arreglados a
su vez en un enrejado icosahedral™®, Cada
capsOmero es un pentidmero compuesta por
2 proteinas: la proteina mayor o L1 y la pro-
teina menor o L2. La proteina L1 contiene 5
monémeros de 55-kDay, la proteina L2 tiene
12 copias de 74-kDa, posiblemente asocia-
das con 12 capsémeros pentavalentes”!%11,
Cada capside envuelve una copia del ADNc¢
asociado a las histonas centrales: histonas
H2a, H2b, H3 y H4'>". El genoma de los VPs
en especial los que afectan al humano ha
sido dividido en tres regiones principales: 1-
La region reguladora no codificante de apro-
ximadamente entre 400 a 1.000 bp, la cual
se denomina region no codificante o region
larga de control (LCR) o regién reguladora
superior (URR); esta region pose el promo-
tor principal p97 junto con la secuencia del
potenciador o aumentador y del silenciador
que regulan la replicacion del ADN a través

del control de la transcripcion de los mar-
cos de lectura abiertos (ORF) y esta region
posee el mas alto grado de variacion en el
genoma viral; 2- La region que incluye genes
de expresion temprana (E), como los ORF
E1, E2, E4, E5, E6 y E7 que intervienen en
la replicacion del virus y dan origen a pro-
teinas no estructurales y, 3- La region que
contiene los genes de expresion tardia (L),
que dan origen a dos proteinas estructura-
les de la capside viral L1 y L2517, En total
se encuentran 9 6 10 ORFs y en todos los
papilomavirus estdn localizados en una sola
de las 2 cadenas del ADN genémico'*'®. La
LCR contiene elementos de respuesta para
factores de transcripcion celulares, tales
como AP1, SP1, Octl, etc., asi como para las
proteinas virales E1 y E2, que controlan la
replicacion y la expresion del genoma viral.
En algunos papilomavirus se pueden identifi-
car dos ORF denominados E3 y ES'8. Las pro-
teinas codificadas en el genoma que forman
parte de la estructura de la capside del virion
son solo dos: L1 y L2. Las demas proteinas
virales cumplen diferentes funciones duran-
te el ciclo replicativo del VPH. En la Tabla 1
se pueden observar las proteinas codificadas
en ¢l genoma del virus y sus funciones.

La clasificacion de los papilomavirus ha
sido algo complicada debido a varios factores.
A diferencia de otros virus, los papilomavirus
no generan una respuesta inmunitaria humo-
ral adecuada y persistente, tanto en humanos
como en otros mamiferos, por lo cual no ha
sido posible desarrollar un sistema de clasi-
ficacion por serotipos, a lo que se agrega la
ausencia de modelos de infeccion celulares o
de animales de laboratorio5:!2. Para la clasifi-
cacion de los PVs se han tomado dos criterios
basicos: a) el huésped, estos virus son alta-
mente especificos de especie, y, b) la secuen-
cia genética, que permite la diferenciacion
entre los virus aislados; la secuencia mas utili-
zada para la clasificacion de los papilomavirus
es la del gen L1. Se establece un nuevo tipo
de VP cuando la secuencia del gen L1 varia
en mas de 10% respecto a tipos virales ya co-
nocidos. Si la diferencia es de 2 a 10 %, se les
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Tabla 1
Funciones de las proteinas del VPH.

No estructurales

Estructurales

E1. Esencial para la replicaciéon y transcripcion.
E2. Esencial para la replicacion, segregacion genémica y encapsidacion.

E4. Regula la expresion de genes tardios, controla la maduracién viral y la
salida de los viriones.

E5. Estimula la actividad transformante de E6 7 E7, promueve la fusion
celular originando aneuploidia e inestabilidad inestabilidad cromosémica y
contribuye a la evasion de la respuesta inmunitaria.

E6. Se une e induce la degradacion de la pS3 inhibiendo la apoptosis, inte-
ractia con proteinas del sistema inmunitario innato, contribuye a la evasion
de la respuesta inmune y a la persistencia del virus, activa la expresion de la
telomerasa.

E7. Se une ¢ induce la degradacion de la pRB, incrementa la actividad de las
cinasas dependientes de ciclinas, afecta la expresion de los genes de la fase
S por interaccion directa de factores de transcripcion E2F y con la histona
deacetilasa, contribuye a la evasion de la respuesta inmune.

L1. Proteina principal o mayor de la capside. Reconoce los receptores de la
célula huésped, es latamente inmunogénica e induce anticuerpos neutrali-
zantes.

L2. Proteina secundaria o menor de la capside, participa en la unién y en la
entrada del virién a la célulay en el transporte al nicleo, en la liberacion del

genoma y ensamble de los viriones.

E: Early o temprana; L: late o tardia.

clasifica como subtipos virales y si la diferen-
cia es menor a 2% se definen como variantes
virales!”?. En los primeros VPs se¢ empezo a
utilizar la palabra tipo y un nimero, para de-
nominar a los diferentes virus descubiertos,
lo cual puede llevar a pensar que un tipo es
equivalente a una especie de VPs21,

Los virus de la familia Papillomaviridae
fueron clasificados inicialmente como una
subfamilia de los Papovaviridae en 1962,
pero se reclasificaron en 2002 como una
familia independiente. De acuerdo al In-
ternational Committee on Taxonomy of Vi-
ruses (ICTV) en su actualizacion del 2020,
la familia Papovaviridae estd dividida en 2
subfamilias: la Firstpapillomaviridae y la Se-
condpapillomaviridae. La subfamilia Firstpa-
pillomaviridae tiene 53 géneros y 133 espe-
cies y la subfamilia Secondpapillomaviridae

22.25

tiene 1 genero®*2 (ver Tabla 2).

En relacién a los VPs que afectan al hu-
mano, Virus del Papiloma Humano (VPH) el
Centro Internacional de Referencia del Virus
del Papiloma Humano del Instituto Karolins-
ka ha reportado hasta el 2021, la identifica-
cién de 228 diferentes tipos de VPHs. Los
VPH que afectan el area genito-anal perte-
necen al género Alphapapillomavirus; este
género ha sido dividido en dos grupos: los
de bajo riesgo, que se asocian principalmen-
te con verrugas genitales benignas y los de
alto riesgo que se asocian y consideran por
su alto potencial oncogénico como agentes
etioldgicos del cancer del cuello uterino, va-
gina, vulva, pene y ano!'>?°,

MATERIAL Y METODOS

Se realiz6 la basqueda en las paginas
electronicas de Pub Med, Google Scholar,
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Tabla 2

Sub-Familia Firstpapillomaviridae.

Géneros
1 Alphapapillomasvirus 29  Gammapapillomavirys
2 Betapapillovirus 30 Ilotapapillomavirus
3 Chipapapillomazirus 31  Kappapapillomavirus
4 Deltapapillomavirus 32 Lambdapapillomavirus
5 Dyochipapillomavirus
6 Dyodeltapapillomavirus 33 Mupapapillomavirus
7 Dyoepsilonpapillomavirus 34 Nupapillomavirus
8 Dyoetapapillomavirus 35  Omegapapillomavirus
9 Dyoetapapillomazirus 36  Omikronpapillomavirus
10 Dyoiotapapillomavirus 37 Phipapapillomazirus
11 Dyokappapapillomavirus 38 Pipapillomazirus
12 Dyolambdapapillomavirus 39 Psipapillomazirus
13 Dyomupapapillomavirus 40 Rhopapillomavirus
14 Dyonupapapillomavirus 41 Sigmapapillomazirus
15 Dyoomegapapillomavirus 42 Thaupapillomavirus
16  Dyoomiokronpapillomavirus 43 Thetapapillomavirus
17 Dyophipapillomavirus 44 Treisdeltapapillomavirus
18  Dyopipapillomavirus 45 Treisepsilonpapillomavirus
19 Dyopsipapillomavirus 46 Treisetapapillomavirus
20 Dyorhopapillomavirus 47 Treisiotapapillomavirus
21 Dyosigmapapillomavirus 48  Treiskappapapillomavirus
22 Dyotaupapillomazirus 49  Treisthetapapillomavirus
23 Dyothetapapillomavirus
24 Dyoupsilonpapillomavirus S0 Treissetapapillomavirus
25 Dyoxipapillomavirus 51  Upsilonpapillomavirus
26 Dyosetapapillomavirus 52 Xipapapillopmavirus
27  Epsilonpapillomavirus 53 Zetapapillomavirus
28  Etapaillomavirus

Sub-Familia Secondpapillomaviridae.

Género

Alphapapillomavirus
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Springer, Web of Knowledge, DOAJ, Hinari,
Oxford Academic, JAMA Network, Embase,
Research Life en la literatura de habla in-
glesa y en Scielo, Latindex, Imbiomed-L, Re-
dalyc y Google Scholar en la literatura de ha-
bla espanola. Se emplearon los términos y/o
palabras claves (DeCS/MESH): epidemiolo-
gia del virus del papiloma humano, taxono-
mia viral, estructura del virus del papiloma
humano, clasificacién del virus del papilo-
ma, nomenclatura del virus del papiloma hu-
mano, patologias asociadas al virus del papi-
loma humano, virus del papiloma humano y
cancer del cuello uterino, virus del papiloma
humano y cancer de vulva, y virus del papilo-
ma humano y cancer de vagina. La basqueda
se realiz6 usando palabras solas o usando la
combinacién de AND/Y o OR/O. Dentro de
los criterios de inclusion se consideraron:
a) articulos de fuentes primarias publicados
en revistas indexadas, con naturaleza de re-
vision, articulos originales de investigacion,
estudios comparativos, estudios de evalua-
cion, capitulos de libros y meta-analisis de
acceso abierto; b) articulos en idioma inglés
y espanol. Fueron excluidos de la revision:
cartas al editor, reportes de casos y estudios
sin control. [gualmente, fueron excluidas las
publicaciones que no tenian libre acceso.
Cuando se encontraron dos publicaciones
con la misma poblacién estudiada, se analizé
la publicacion mas reciente o con mayor ni-
mero de pacientes estudiados. Se revisaron
los articulos publicados desde el afio 1995
hasta junio de 2021.

Se encontraron 452 articulos durante
la basqueda primaria de la investigacion. Se
excluyeron 325 de ellos por no poseer acceso
libre al texto completo y no reunieron cier-
tos criterios de inclusion para la revision. De
los 127 articulos para la revision y consulta
del texto completo, 65 fueron elegidos para
la revision, los restantes 62 fueron excluidos
por no reunir los criterios de inclusion. Se
encontraron 19 articulos repetidos por lo
que los restantes 46 articulos fueron revisa-
dos para la elaboracion del articulo de revi-
sién narrativa.

Epidemiologia del VPH

Los estudios epidemioldgicos reali-
zados en la ultima década sobre el VPH
han demostrado que es la enfermedad de
transmision sexual mas coman y diseminada
en el mundo®*?’. Chesson y col.?® estimaron
que la mujer y el hombre tienen una proba-
bilidad del 49,1% de adquirir el VPH desde
su inicio de la actividad sexual hasta los 44
anos, teniendo un solo compaiiero y hasta
un 99,9% de probabilidad cuando el niimero
de parejas sexuales es mayor de 5, con un
promedio de 80,9% para las mujeres y un
89,1% para los hombres. Los mismos auto-
res®® reportaron que el riesgo promedio de
adquirir una infeccién por VPH desde su de-
but sexual hasta los 70 anos es del 82,2% al
86,2% en las mujeres y del 89,9% al 92,2%
en los hombres; siendo un 100% de probabi-
lidad en aquellas personas que tuviesen mas
de 15 parejas sexuales durante el afo. Sin
embargo, muchas de estas infecciones son
transitorias y no presentan ningn impacto
clinico; en las mujeres se estima que el 90%
de las infecciones por el VPH son eliminadas
o aclaradas en un 90% en un término de 2 a
3 anos®*??%° Ochoa-Carrillo®> ha menciona-
do que el 42,5% de las mujeres en el mun-
do tienen la presencia del VPH en cualquier
momento de su vida. Bruni y col.?*?! reporta-
ron que un promedio de 11,7% (rango: 6,1%-
35,5% dependiendo del area geografica del
mundo y de la edad) de la poblacién feme-
nina a nivel mundial con citologias c¢érvico-
vaginales normales (CCV), presenta la infec-
cion del VPH.

La prevalencia del VPH en las mujeres
con CCV negativa estd muy asociada a la
edad. Bruni y col. ?® han reportado que hay 3
patrones de distribucion de la infeccién por
el VPH de acuerdo a la edad; en el primer
patrén, muy similar en casi todos los paises
desarrollados del mundo, ocurre una eleva-
cion de la prevalencia dentro del primer ano
del comienzo de la actividad sexual, general-
mente durante la adolescencia y la década
entre 20 a 30 anos, generalmente en perso-
nas de 25 o menos afios, para comenzar a
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descender y estabilizarse, formando una me-
seta o plateau a partir de los grupos etarios
de edad mediana. El otro patréon de compor-
tamiento de la infeccién por VPH es aplana-
do a través de todos los grupos etarios, y se
observa en los paises asidticos en especial
India. El tercer patréon bimodal consiste en
una primera elevacion de la prevalencia en
el primer ano del comienzo de la actividad
sexual, seguido de una meseta o plateau en
las edades medias de la vida de la mujer y
una segunda elevacion o repunte de la preva-
lencia de la infeccién después de los 40 afios;
este patrén se observa sobre todo en el con-
tinente americano y africano®*3!.

Alrededor del mundo, el pico de la in-
feccion por VPH se observa en mujeres jove-
nes, menores de 25 anos, y comienza a decli-
nar hasta que llegan a la madurez cuando se
alcanza el plateau o meseta de la infeccion;
sin embargo, en Centro y Suramérica, se ob-
serva un segundo pico en mujeres alrededor
de los 40 afos y en Africa Occidental alre-
dedor de los 55 anos. Este segundo repunte
es menos acentuado en el Sur-Este Asiatico,
Sur de Europa, y Sur de Africa; en el resto de
las regiones del mundo no se observa este
repunte’!,

Como se mencioné anteriormente para
el afio 2010, la prevalencia de la infeccién
del VPH en mujeres con CCV negativas era
11,7% (rango:11,65% a 11,7%): para los pai-
ses o regiones subdesarrollados es 11,8%
(rango:11,6% a 12,0%) y para los paises o re-
giones desarrollados es 11,3% (rango:11,2%
a 11,3%). Para el continente africano la pre-
valencia es 21,1% (rango: 20,2% a 22,0%),
siendo la region del Africa del Este la que
presenta la mayor prevalencia con 33,6%
(rango: 30,2% a 37,1%). El continente asia-
tico presenta una prevalencia de 9,4% (ran-
80: 9.2% a 9,6%), el sureste asiatico presen-
ta la prevalencia mas elevada de la region
con 14,0% (rango: 13,0% a 15,0%) y la par-
te occidental del continente como Turquia,
Bahréin, y Emiratos Arabes Unidos presen-
ta la prevalencia mas baja del mundo con
1,7% (rango: 1,1% a 2,5%). Europa presenta

una prevalencia del 14,2% (rango: 14,1% a
14,4%). Europa del Este presenta la preva-
lencia mas elevada del continente europeo
con 21,4% (rango: 20,1% a 22,7%). El con-
tinente americano presenta una prevalencia
de 11,5% (rango: 11,4%-11,6%) y el area o
region del Caribe presenta le prevalencia
mas elevada de la region con 35,4% (rango:
29,0% a 42,2%) y la region de Norteamérica
presenta la prevalencia mas baja del conti-
nente con un 4,7% (rango: 4,6% a 4,7%). En
Venezuela, NaiezTroconis y col.*? reporta-
ron una prevalencia del 14,6% de infeccion
del VPH en CCV negativas, sin embargo, en
el 2017, Toro y Lopez* reportaron una pre-
sencia de la infeccion del VPH en el 28,5% en
mujeres con CCV negativas para malignidad.

El VPH puede llegar a afectar hasta 20%
de la poblacién en un momento dado; la in-
cidencia de la infeccion varia dependiendo
del tipo de VPH, del grupo etario de la po-
blacién y la predileccion del virus por el teji-
do mucoso o ¢l tejido cutaneo®*. Este tipo
de infeccion afecta al 10.4% de la poblacion
femenina, alrededor del mundo. Diferentes
autores®*?° han mencionado que los VPH que
afectan el drea ano-rectal también estan aso-
ciados a lesiones verrugosas no malignas en
piel y mucosa.

En 2019, Bruni y col.’® reportaron una
prevalencia ajustada actualizada de la in-
feccion del VPH de un 9,9% a nivel global.
McQuillan y col.’” reportaron en los Estados
Unidos de Norteamérica (EEUU) para los
2013 y 2014 una prevalencia de cualquier
tipo de VPH genital del 42,5% en los adul-
tos comprendidos entre los 18 a 59 afios de
edad, independientemente de los resultados
de la CCV: 45,2% de prevalencia en los hom-
bresy 39,9% en las mujeres. En el afio 2009,
NunezTroconis®® report6 en una prevalencia
del VPH del 15,6% en Venezuela.

Basados en su capacidad oncogénica
los VPH se han clasificado en bajo y alto ries-
go. Entre los de bajo riesgo (BR) tenemos
que los VPH: 6, 11, 40, 42, 43, 44, 54, 61,
70,72, 81,y CP6108 se asocian con el condi-
loma acuminado, la neoplasia intraepitelial
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de bajo grado y las infecciones asintomati-
cas. Entre los de alto riesgo (AR) tenemos
los VPH: 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58,59, 68, 73 y 82. Hay tres tipos de VPH
de probable alto riesgo: 26, 53 y 66 que se
relacionan con el cancer del cuello uterino,
vagina y vulva'?2?,

Los genotipos de BR mas comunes en el
continente americano y europeo son el 6 y el
11, aunque son menos frecuentes en Africay
Asia*’; el VPH 6 es el mas comin de los tipos
de BR en el continente americano: 0,9% en
Latinoamérica y 2% en Norteamérica; es me-
nos frecuente en Asia con un 0,2%.

Los tipos de VPH mas comunes a ni-
vel mundial, en mujeres con CCV normal
son los tipos de AR o de mayor capacidad
oncogénica, tales como los tipos 16, 18, 52,
31, 58, 39, 51, y 56. McQuillan y col.*" re-
portaron en EEUU que la prevalencia de los
VPH-AR fue de 22,7% en adultos en edades
comprendidas entre los 18 y 59 anos: 25,1%
de prevalencia en los hombres 'y 20,4% en las
mujeres. A nivel mundial, se estima que el
22,5% (95% intervalo de confianza: 21.9%
a 23.2%) de las infecciones producidas por
el VPH, es a causa del VPH-16. Las regiones
del mundo que tienen menor incidencia de
infecciones por el VPH-16 son Africa del Sur
con 13,7%, Africa del Este con 11,3% yAfrica
del Oeste con 11,1%; le siguen Norteamérica
con 24,3%, Oeste de Europa con 24,4%, el
Sur de Europa con 28,9% y el Sureste Asiati-
co con el porcentaje mas alto con 32,3%*'. El
VPH de AR mas frecuente después del VPH-
16 a nivel internacional es el 18y, el VPH-45
es el menos frecuente con un 0,5% entre los
VPH-AR. El VPH-31 es especialmente mas
frecuente en Europa con un 2,3%; el VPH-52
se encuentra en un 2,3% en Norteamérica,
un 2,4% en Africa y en un 0,7% en Asia’'.

Patologias asociadas al VPH

Los VPHs se dividen en 2 grupos de
acuerdo a su preferencia epitelial: 1. los que
afectan el epitelio cutaneo o la piel y 2. los
que afectan los epitelios cutdneos mucosos?.
Los VPHs que afectan a la piel o epitelio cu-

taneo pertenecen al género beta y algunos
miembros de los géneros gamma, mu y un,
mientras que al género alfa pertenecen los
que afectan los epitelios mucosos y algunos
que afectan el epitelio cutdneo®?!. También
han sido agrupados de acuerdo al area del
cuerpo donde producen la infeccién: 1. re-
gion de la piel; 2. region ano-genital y 3. re-
gion oral. A su vez, los VPHs que afecta los
epitelios muco-cutdneos han sido subdividi-
dos en BR, principalmente asociados con las
verrugas y los AR, que son los VPHs asocia-
dos a procesos malignos.

Las infecciones por el VPH puede ser
clinicas, sub-clinicas y latentes tanto en la
piel como en las dreas muco-cutaneas. Las
lesiones clinicas son las que pueden ser ob-
servadas como las verrugas. Las sub-clini-
cas son aquellas que necesitan elementos
adicionales para su diagnostico tales como
aplicaciones de acido acético, colposcopia
del cuello uterino, anoscopia de canal anal
y estudios microscopico de las lesiones. Las
infecciones latentes se detectan con la de-
mostracion de la presencia del ADN del VPH
en muestras clinicas de piel o mucosas histo-
l6gicamente normales?.

Las lesiones clinicas estan asociadas
con la expresion genética completa del virus
y la produccion de particulas virales comple-
tas y cuando la infeccion se hace persistente,
las funciones celulares normales son anula-
das o abolidas y se interrumpen los eventos
tardios en el ciclo de vida del virus.

Aproximadamente ¢l 70% de las infec-
ciones por VPHs se resuelven o curan espon-
taneamente en 1 ano y el 90% en un plazo
de 2 a 3 anos?*??3049 El aclaramiento o cura
del virus depende de una respuesta inmune
celular efectiva y adecuada, mientras que en
las infecciones persistentes existe una falla
en la respuesta inmune celular contra el vi-
rus, y en el caso de los VPH-AR se traduce en
el riesgo de progresion de la infeccion hacia
lesiones cancerosas*!.

En la Tabla 3 se puede observar las pa-
tologias producidas por el VPH y los tipos
involucrados.
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Tabla 3
Patologias asociadas al VPH.
Enfermeted Patologia Tipos de VPH mas
frecuentemente asociados
Verrugas Comunes 2,4,7
Verrugas Planas 3,10 en ocasiones: 26,27,28,29,41
Verrugas Plantar 1,24
Epidermodisplasias Verrugas Planas 3,10
Verruciformes

Placas parecidas a Pitiriasis

Carcinoma Escamo-celular por
exposicion al sol

Verrugas Anogenitales

Verrugas Externas

5,8; menos comunes 9,12,14,15, 17,
19,20, 21-25, 36-39, 47,49

5, 8, menos comunes 14,17,20,47

6, 11, 40, 42, 43, 44, 54, 61, 72, 81, 89

Papilomas del Cuello Uterino 6,11
Tumor de Buschke-Lowenstein 6
Papulosis Bowenoide 16,55

Precanceres y Canceres
Anogenitales

Grupo 1: Carcinogénicos
para los Humanos

16,18, 31, 33, 45, 51, 52

Grupo 2A: Probablemente 68
Carcinogénicos para los Humanos

Grupo 2B: Posiblemente

26, 53, 64, 65, 66, 67, 69, 70, 73, 82

Carcinogénicos para los Humanos

Lesiones Orales

Papilomas Orales

2,6,7,11,16,18,32,57

Papilomas Laringeos 6,11

Hiperplasia Focal 13,32
(Enfermedad de Heck

Carcinoma Orofaringeo 16,18

Canceres asociados al VPH

Los canceres asociados al VPH en el
area genital del sexo femenino se ubican,
como se mencioné anteriormente, en vulva,
vagina y cuello uterino.

Segan la Agencia Internacional para la
Investigacion del Cancer (IARC) para el ano
2018, el VPH causé el 31,1% de los cince-
res para ambos sexos alrededor del mundo,
representando la segunda causa de tipo in-
feccioso causante de cancer (CA) después
del Helicobacter pylori (36,3%). En el con-
tinente africano represent6 la primera cau-
sa con un 48,4% de todos los CAs; en Asia
fue la segunda causa con el 24,4%; en Eu-

ropa ocup6 el segundo lugar con 38,6% y
en Oceania y el continente americano fue
la primera causa con un 46,9% y un 43,6%,
respectivamente*?,

Segiin la misma agencia, el VPH fue la
primera causa de CAs atribuibles a infeccio-
nes a nivel mundial para el sexo femenino
con un 56,1% de los canceres. Asimismo, re-
present6 la primera causa de CA para el sexo
femenino en todos los continentes: Africa:
71,4%, Asia: 50,3%, Europa: 56,8%; Oceania:
67,9% y América: 63,4%*.

En lo que respecta nuestro continente,
la zona del Caribe ocupa el primer lugar con
una incidencia del 67,2%, Suramérica con
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64%, Norteamérica con 60,6% y Centroamé-
rica con 60,3%%2,

De acuerdo a la IARC, el VPH represen-
t6 el 71,7% de las causas de CA producidas
por infecciones en el sexo femenino en los
paises con bajo nivel de ingresos; para los
paises de bajo a medianos ingresos fue el
72,8%, en los paises de medianos a elevados
ingresos fue del 46,3% y en los paises de in-
gresos clevados representé el 45,7%*.

El Centro para el Control y Prevencion
de Enfermedades de EEUU (CDC) report6
un promedio de 45.330 casos de CAs aso-
ciados al VPH entre los afios 2013 y 2017;
25.405 casos ocurrieron en mujeresy 19.925
en hombres; el 96% de ellos, se debieron a
VPH-AR 4344,

Cancer de Vulva

El 43% de los CAs de vulva a nivel mun-
dial son atribuibles al VPH. La vulva tiene
2 tipos histologicos de CAs con factores de
riesgo diferente: 1. el tipo verruga basaloi-
de y 2. el tipo queratinizante. Los primeros
son mas comunes en mujeres jéovenes y se
consiguen generalmente con una lesion in-
traepitelial vulvar adyacente (NIV) y en un
86% estan asociados al VPH, y tienen facto-
res de riesgo muy similares a los del cancer
del cuello uterino (CaCu). Los tipos querati-
nizantes representan la mayoria de los can-
ceres de vulva (CaV), en mas del 60%; estas
lesiones se originan a partir de lesiones cro-
nicas vulvares como el liquen escleroso y la
hiperplasia escamosa. Sus precursores VIN
son lesiones mas diferenciadas y no estan
relacionadas con la infeccion del VPH. Es-
tas lesiones cancerosas son mas frecuentes
en mujeres de mayor edad y estan raramen-
te asociadas al VPH, en un 6%, o con otros
de los factores de riesgo caracteristicos del
CaCu’s%,

Segun la IARC para el 2020, se regis-
traron 45.240 casos del CaV a nivel mundial
y, su distribucién por continente fue la si-
guiente: Europa: 36,5%, Asia: 26,90%, Amé-
rica: 24.1%, Africa: 11,4%, y Oceania: 1,2%.
El CaV causo la muerte de 17.427 mujeres,

con la siguiente distribucion por continente:
Europa: 37,3%, Asia: 27,7%, América: 17,9%,
Africa: 16,4% y Oceania: 0,65%. Para el
continente americano, la IARC reporté una
incidencia para el afio 2020 de 10.870 casos
que se distribuyeron de la manera siguiente:
Norteamérica con el 64,8% y resto del con-
tinente americano con el 35,2%. Se reporta-
ron 3.127 decesos: 55,8% correspondieron a
Norteamérica y 44,2% para el resto del con-
tinente**

de Martel y col.*® reportaron para el
ano 2012 a nivel global que el VPH esta-
ba involucrado en la produccion del CaV
en un 24,9% y en el 72,6%, los tipos 16 y
18 contribuyeron en el origen de este
CA. Los autores reportaron que los tipos
6/11/16/18/31/33/45/52/582  contribu-
yeron en un 87,1% en el origen del CaV. La
prevalencia del VPH en los casos de NIV 2/3
es del 85,3% (33), siendo el tipo 16 el mas
frecuentemente aislado en estas lesiones
premalignas. El CDC de EEUU**! reportd
un promedio anual de 4.114 casos de CaV,
representando el 16,2% de 25.405 CAs geni-
tales del sexo femenino atribuidos al VPH de
CaV entre 2013 y 2017.

Segan Bruni y col.?® el tipo 16 es la cau-
sa mas frecuente de CaVy NIV 2/3 atribuibles
al VPH con 19,4% y 67,1% a nivel mundial,
respectivamente. En el continente africano
representa el 58% de los VPHs causantes o
atribuible al CaV. En América, se aislo en el
26,5% de los CaVyen el 56,7% de los NIV 2/3.
En Asia, represent6 el 18,1% y el 80% para ¢l
CaVylos NIV 2/3, respectivamente. En Euro-
pa, se encontré en el 13,8% de los CaV y en
el 69,9% de los NIV 2/3. En el continente de
Oceania es encontrado en el 27,3% de los CaV
yen el 71,2% de los NIV 2/3.

Cancer de vagina

El cancer de vagina (CaVa) comparte
los mismos factores de riesgo del CaCu y es
aceptado que comparten la misma etiologia
como es la infeccion por el VPH, aunque hay
evidencias limitadas sobre ello. Las mujeres
con CaVa tienen mas probabilidad de tener
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antecedentes de tener otros CAs anogenita-
les en especial del CaCu. E1 ADN del VPH es
aislado en el 70% de los CaVa invasivos y en
el 91% de las neoplasias intraepiteliales vagi-
nales (NIVa) 2/3%547,

Segin la IARC para el 2020, se regis-
traron 17.908 casos del CaVa a nivel mun-
dial y, su distribucién por continente fue la
siguiente: Asia: 54,5%, América: 17,1%, Eu-
ropa: 16,5%, Africa: 11,2%, y Oceania: 0,8%.
El CaVa caus6 la muerte de 7.995 mujeres,
siendo la distribucién por continente la si-
guiente: Asia: 57,6%, Europa: 15,8%, Africa:
13,8% América: 12,1%, y Oceania: 0,7%*.
Para el continente americano, la IARC repor-
t6 una incidencia para el ano 2020 de 3.061
de casos que se distribuyeron: Norteamérica
con el 53,2% y el resto del continente ame-
ricano: 46,8%. Se reportaron 965 decesos:
48,8% correspondieron a Norteamérica y
51,2% para el resto del continente?®®,

de Martel y col.*> reportaron para el ano
2012 que el VPH estaba involucrado en la pro-
duccion del CaVa en un 78% vy, los tipos 16 y
18 contribuyeron en un 63,7% en el origen de
este CA, anivel global. Los autores reportaron
que los tipos 6/11/16/18/31/33/45/52/582
contribuyeron en un 85,3% en el origen del
CaV. El ADN del VPH se encontré en el 70%
de la CaVa invasivos. El CDC de EEUU* re-
port6 un promedio anual de 867 casos de
CaVa, atribuidos al VPH, representando el
7,3 % del total de CAs genitales del sexo fe-
menino entre 2013 y 2017445,

Segtn Bruniy col.* el VPH 16 fue el tipo
mas frecuente de VPH, causante de CaVa y
NIVa 2/3 con 43,6% y 56,1% a nivel mundial,
respectivamente. En el continente africano
representa el 31,6% de los VPHs causantes o
atribuible al CaVa. En América, se aisl6 en el
42,4% de los CaVa y en el 46,3% de los NIVa
2/3. En Asia, represent6 el 39,4% y el 53,8%
para el CaVa y los NIVa 2/3, respectivamen-
te. En Europa, se encontré en el 47,4% de los
CaVay en el 65,6% de los NIVa 2/3. En el con-
tinente de Oceania es encontrado en el 46,2%
de los CaVay en el 53,8% de los NIV 2/3.

Cancer del cuello uterino

Seguin la IARC para ¢l 2020, se registra-
ron 604.127 casos del CaCu a nivel mundial
y, su distribucién por continente fue la si-
guiente: Asia: 58,2%, Africa: 19,4%, Améri-
ca: 11,7%, Europa: 9,6%, y Oceania: 0,4%. El
CaCu caus6 la muerte de 341.831 mujeres,
siendo la distribucién por continente la si-
guiente: Asia: 58,5%, Africa: 22,5%, Améri-
ca: 11,1%, Europa: 9,2%, y Oceania: 0,4 %*"
Para el continente americano, la IARC repor-
t6 una incidencia para el 2020 de 74.410 ca-
sos que se distribuyeron: Norte-América con
el 20,1% y resto del continente americano:
79,9%. Se reportaron 32.925 decesos: 16,7%
correspondieron a Norte-América y 83,3%
para el resto del continente.

de Martel y col*S reportaron para el
ano 2012 a nivel global, 630.000 casos de
cancer atribuidos al VPH: 570.000 en muje-
res 'y 60.000 en hombres. Quinientos trein-
ta mil casos de los 570.00 casos ocurridos
en mujeres (93%) correspondieron al CaCu.
Seguan los autores, el 70,8% de los CaCu de-
bido al VPH se atribuyeron a los tipos 16
y 18, igualmente reportaron que los tipos
6/11/16/18/31/33/45/52/582  contribu-
yeron en un 89,5% en el origen del CaCu.

Bruni y col.*® reportaron en el afio 2019
que la prevalencia de los VPH 16/18 a ni-
vel mundial en pacientes con CCV normales
fue 3,9%, con lesiones de bajo grado (LBG)
25,8%, con lesiones de alto grado (LAG)
51,9% y en CaCu fue de 69,4%. En los paises
subdesarrollados, la prevalencia fue de 3,8%
en pacientes con CCV normales, 25,1% en
mujeres con LBG, 46,7% en pacientes con
LAG y un 69,5% en mujeres con diagnoésti-
co de CaCu. Las cifras para los paises desa-
rrollados fueron: citologias normales: 3,8%,
LBG: 25,9%, LAG: 54,1% y cancer: 71,8%.
La distribucién por continente se observa
en la Tabla 4. Los hallazgos a nivel global de
acuerdo al tipo histologico del CA fueron los
siguiente: el CA epidermoide o escamoso:
68,4%, el adenocarcinoma: 71% y en los CA
no especificados: 72,8%.
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Tabla 4
Prevalencia de la infeccion por los VPH tipos 16/18
Porcentaje
Continente Citologia Normal LBG LAG Cancer
Africa 3.8 24,9 38,6 67,2
América 4,5 26,7 56,9 68,2
Asia 3,4 21,2 421 68,9
Europa 3,8 27,1 54,5 74,0
Oceania 8,3 27,1 59,1 76,6

LBG: Lesion de bajo grado; LAG: Lesion de alto grado.

CONCLUSION

Los CAs del area genital femenina pre-
sentan cofactores importantes en su origen
y evolucion, siendo uno de los importantes
el VPH. Es importante conocer bien su epi-
demiologia y comportamiento para poder
controlar este virus y por lo tanto disminuir
la incidencia y mortalidad por estos CAs, en
especial el del cuello uterino. La prevencion
primaria de la infeccidon por este virus es
esencial y en eso esta basada la vacuna que
nos permitird reducir en una alta proporcion
de CAs, en especial al del cuello uterino.
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Effect of video games training on the gross
motor skills of children with cerebral palsy:
systematic review and meta-analysis.
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Abstract. The purpose of this work was to systematically evaluate the
intervention effects of video games training (VGT) on the gross motor skills
(GMS) development of children with cerebral palsy (CP). Seven Chinese and
English databases (PubMed, Embase, Web of Science, Cochrane Library, Chi-
na National Knowledge Infrastructure, Wanfang, EBSCO) were searched. Data
were retrieved from randomized controlled trials on the GMS among individu-
als with CP. The retrieval was from the inception of each database to March
16, 2021. The included studies were evaluated quantitatively using the PEDro
Scale. Then, relevant data were inputted and analyzed in Review Manager 5.4.
Thirteen papers were included: seven written in English and six in Chinese. In
the three subordinate concept of GMS, VGT could significantly improve loco-
motor skills (LS) (standardized mean difference = 0.80, 95% confidence inter-
val 0.55-105, P<0.00001), and non-locomotor skills (NLS) (standardized mean
difference = 0.83, 95% confidence interval 0.38-1.28, P=0.0003) in CP. How-
ever, there was no significant difference in object control skills (OCS), when
compared with the control group (standardized mean difference = 0.55, 95%
confidence interval -0.01-0.72, P=0.05). VGT can improve LS and NLS in CP,
but the effect on OCS is uncertain; therefore, it is recommended that addition-
al high-quality literature be included in the future. In general, VGT has been
proven an effective intervention tool on the GMS development in CP.
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Efecto del entrenamiento con videojuegos en la motricidad
gruesa de nifnos con paralisis cerebral: revision sistematica
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cerebral; intervencién; prueba controlada aleatoria.

Resumen. Este articulo intent6 evaluar sistematicamente el efecto de la
intervencion del entrenamiento con videojuegos (VGT) en el desarrollo de las
habilidades motoras gruesas (GMS) de ninos con parilisis cerebral (CP), basan-
dose en un cuerpo de datos logrado de las conclusiones de pruebas controladas
aleatorias sobre las habilidades motoras gruesas de ninos con CP, obtenidos de
la busqueda sistematica en siete bases de datos chinos y extranjeros, tales como
PubMed, Embase, Web of Science, Cochrane Library, China National Knowled-
ge Infrastructure, Wanfang y EBSCO. El lapso de busqueda fue desde la fecha de
establecimiento de cada base de datos hasta el 16 de marzo del 2021. Se aplico
la escala PEDro para realizar un estudio cuantitativo y después, se analizaron
los datos relevantes con Review Manager 5.4. Se incluyeron 13 publicaciones,
7 articulos escritos en inglés y 6 en chino. En el marco del concepto de los tres
subordinados de GMS, la VGT podria mejorar significativamente la habilidad
locomotora (LS) (diferencia de medias estandarizada = 0.80, intervalo de con-
fianza del 95%: 0.55-105, P<0.00001), y las habilidades no locomotoras (NLS)
(diferencia de medias estandarizada = 0.83, intervalo de confianza del 95%:
0.38-1.28, P= 0,0003) en PC; pero no hubo una diferencia significativa en las
habilidades de control de objetos (OCS), cuando se compararon con el grupo
control (diferencia de medias estandarizada= 0,55, intervalo de confianza del
95% -0,01-0,72, P= 0,05). En conclusion, el VGT puede mejorar las LS y NLS en
CP, pero el efecto sobre OCS es incierto; por lo que se recomienda la inclusién
de literatura adicional de alta calidad en el futuro. De este modo se pudo de-
mostrar que el VGT es una herramienta de intervencion eficaz en el desarrollo
de las GMS en ninos con CP.

Received: 22-11-2021 Accepted: 18-12-2021

INTRODUCTION

Cerebral palsy (CP), is a group of per-
sistent central motor and postural devel-
opmental disorders and activity limitation
syndrome, which is caused by non-progres-
sive brain damage in developing fetuses or
infants 1. According to the statistics of the
World Health Organization (WHO), the inci-

dence rate of CP is around 0.2%-0.3% world-
wide, and there are more than forty thou-
sand new CP children in China every year 2.
Most of the children with CP have problems
such as dyskinesia, abnormal posture and
abnormal hemiplegic gait °. The damage to
the advanced central nervous system of chil-
dren with CP may cause secondary injuries,
such as physical spasm, amyotrophy, skeletal
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deformities and developmental coordination
disorder, which constrain the children’s abil-
ity to move, thereby impacting upon their
development of gross motor skills (GMS) *©.
The good development of GMS will promote
children and adolescents to participate in
activities actively, but the GMS disorder is
an important factor hindering children with
CP from participating in physical activities 7.
If they do not participate in physical activi-
ties for a long time, children with CP will not
only lag behind their peers in strength, co-
ordination and endurance, but also face the
risk of many mental diseases, such as depres-
sion, social phobia, and so on ®. Therefore,
it is very important to pay attention to the
development of GMS in children with CP.

People pay great attention to and sup-
port various sports activities to improve the
physique and abilities of special groups ?. The
quantity and quality of motor experience are
important for brain plasticity and functional
recovery % so motor skill intervention is
often provided to develop the gross motor
function of children with CP. However, tra-
ditional motor intervention therapy often
requires the help of various games and facili-
ties, and requires a large activity space and
experienced therapists to accurately control
the treatment process, so as to ensure the
participants’ interest in the treatment pro-
cess and the smooth progress of the treat-
ment °. Most importantly, the level of motor
skills of children with CP is very poor, and
the highly structured and repetitive activi-
ties of traditional rehabilitation are difficult
to adhere to and to motivate their participa-
tion . A potential area of intervention may
lie in the attractiveness of playing and chil-
dren’s preference for and participation in
technology 2.

“Active video games” (AVGs), also
known as “exergaming” or “virtual reality
games” realize sports entertainment with
the help of high-tech technologies, such as
human-computer interaction, motion sens-
ing and virtual reality '*. AVGs can provide an
ecological environment similar to that in the

real world, where participants can practice
specific tasks, and the difficulty of tasks can
be adjusted readily in the game and provide
sufficient challenges . Such immersive ex-
perience in a safe, enjoyable, and playful en-
vironment is associated with less fatigue and
more relaxation, which may attract children,
including those with CP . Simultaneously,
due to the characteristics and animation ef-
fects of the game, it can also increase chil-
dren’s motivation and participation in the
gaming process, attract users to immerse
themselves in the sports environment !¢, and
improve their cognitive function and motor
skills. Hence, video games training (VGT)
are very suitable as rehabilitation tools for
children, and gradually have developed into
a popular therapy of motor skill intervention
for special populations 7. A review of the lit-
erature on children with cerebral palsy sug-
gests that AVGs interventions can improve
GMS development, including their balance,
coordination and other physical fitness '®.
Many scholars have done research on
video game training to improve the GMS of
children with CP. However, the past research
often focused on one aspect of GMS, such
as the impact on stability skills, the impact
on upper limb skills, etc., and they lack of
a summary and discussion of the effects of
video games to improve the overall GMS of
children with CP. GMS refers to the move-
ment generated by large muscles or muscle
groups of the body, including walking, run-
ning, jumping, throwing, etc. According to
the change of spatial position and the con-
trol of external tools, the GMS can be divid-
ed into locomotor skills (LS), object control
skills (OCS) and non-locomotor skills (NLS)
19 It can be seen that GMS is a general term
that includes three subordinate concepts.
This research was aimed to explore the ef-
fects of VGT on the GMS development of
children with CP by employing a systematic
review and meta-analysis, and demonstrate
the effectiveness of VGT in intervening the
three subordinate concepts of GMS in chil-
dren with CP. In addition, if one aspect of
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GMS is significantly improved, the dose ef-
fect of intervention duration, intervention
frequency and intervention cycle will be dis-
cussed by subgroup analysis.

METHODS

Criteria for including studies

The criteria for including literature
were: (i) the study population was aged
3-14 years with CP; (ii) at least one of GMS
was objectively measured and reported
separately; (iii) the intervention was not a
single intervention; (iv) the study was pub-
lished and peer-reviewed in English or Chi-
nese; (v) the study was a randomized con-
trolled trial (RCT).

Criteria for excluding studies

The criteria for excluding studies were:
(i) evaluation of motor skill is a combination
of gross motor skill and fine motor skill; (ii)
data on the change of GMS before and after
the test (e.g., mean £ SD) were absent; (iii)
the subjects were not 3-14 years old.

Outcome indicators

(i) Index of LS, including walking, run-
ning, jumping, shuttle run, ete.; (ii) Index of
OCS, including throwing, catching, hitting
and beating, etc.; (iii) Index of NLS, includ-
ing balance beam standing, on one or both
feet, etc.

Literature-retrieval strategy

The databases we used were PubMed,
Cochrane Library, Embase, Elton Bryson
Stephens Company, Web of Science, China
National Knowledge Infrastructure, and
Wanfang. We retrieved data from random-
ized controlled trials (RCTs) from the incep-
tion of each database to March 16, 2021.

The search strategy was based on the
principle of PICOS (Population, Interven-
tion, Comparison, Outcomes and Study de-
sign). We employed three groups and used
search terms for them.

Group 1 was based on VGT: “active video
game®” (FAHERK) , OR “exergam™”, (ffJ&
WER) OR “virtual realit®” OR “virtual ther-
ap®”, OR “virtual environment*”, OR “video
game®”, OR “computer game*”, OR “serious
gam®” OR “Wii”, OR “Kinect”, OR “PlaySta-
tion”, OR “EyeToy”, OR “GestureTek”, OR
“IREX”.

Group 2 was based on GMS: “gross mo-
tor” CGFHRZE) OR “motor coordination”,
OR “motor skill”. OR “movement skill”, OR
“fundamental motor skill”, OR “fundamen-
tal motor skill”, OR “fundamental movement
skill”, OR “motion capture”, OR “balance”.

Group 3 was based on the subject: “chil-
dren with CP” (JixifE JLE), OR “children with
cerebral palsy” (Jxif£5#E% )LZ), OR “spastic
diplegia*”, OR“spastic diplegic”, OR“spastic
quadriplegic”.

Literature screening

Two researchers used independent dou-
ble-blind methods to screen the literature
based on the inclusion and exclusion crite-
ria stated above, and relevant data were ex-
tracted. If there was a disagreement on the
review, screening, and data-extraction stag-
es, a third researcher discussed whether to
include the data.

Data extraction

The data extracted from the literature
was the author names, year of publication,
and the basic characteristics of samples
(gaming platform, game type, outcome in-
dicators, and intervention environment/pe-
riod/duration/frequency) (Table 1).

Quality evaluation

All the literature included in our study
consisted of RCTs. The PEDro Scale was used
for evaluation of literature quality, and com-
prised 11 items. The PEDro scale has a to-
tal score of 10 points: <4 indicates “poor”
quality; 4-5 indicates “medium” quality;
6-8 indicates “good” quality; 9-10 indicates
“high” quality (Table 2).
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Table 2

Methodological Quality Assessment for Included Studies.
Included Studies A B ¢ D E F G H I J K Score
Alsaif et al. 2015 1 1 0 1 0o o o 1 1 1 1 6
Arnoni et al. 2019 1 1 1 11 1 o 1 1 1 0 8
Chen et al. 2013 1 1 0 1 o0 o o 1 1 1 1 6
Chen et al. 2016 1 1 0 1 0o o o 1 1 1 1 6
Chiu et al. 2014 1 1 0 1 0o o 1 1 1 1 1
Pourazar et al. 2019 1 1 0 1 1 1 0 1 1 1 0
Ren et al. 2016 1 1 0 1 0o o o 1 1 1 1 6
Rojas et al. 2017 1 1 0 1 0 o0 o 1 1 1 1 6
Urgen et al. 2016 1 1 0 1 0 o0 o 1 1 1 0 5
Uysal et al. 2016 1 1 0 1 0 1 o 1 1 1 1
Zhang et al. 2019 1 1 0 1 0 o0 o 1 1 1 1 6
Zhao(a) et al. 2018 1 1 0 1 0 0 1 1 1 1 6
Zhao(b) et al. 2018 1 1 1 o o0 o o 1 1 1 1 6

a. eligibility criteria were specified; b. subjects were allocated randomly to groups; c. allocation was concealed; d.
the groups were similar at baseline with regard to the most important outcome indicators; e. there was blinding of
all subjects; f. there was blinding of all therapists; g. there was blinding of all assessors; h. measures of at least one
key outcome were obtained from >85% of subjects initially allocated to groups; i. all subjects for whom outcome
measures were available received treatment or, if this was not the case, data for at least one key outcome were
analyzed by intention-to-treat; j. the results of between-group statistical comparisons were reported for at least one
key outcome; k. the study provided point measures and measures of variability for at least one key outcome.

Statistical analyses

We employed Review Manager 5.4 for data
processing. The boundary value of “small”,
“medium”, and “large” effect sizes was 0.2, 0.5,
and 0.8 2°. Also, 75%, 50%, and 25% denoted
the proportion of “high”, “medium” and “low”
inter-study heterogeneity, respectively 1. If sig-
nificant heterogeneity between the studies was
not observed (P > 0.1, P < 40 %), then we used
a fixed-effects model for analyses. If there was
significant heterogeneity between studies (P<
0.1, 7 =40%), then a random-effects model was
used for analyses, and further subgroup analy-
ses were carried out to discover the source of
heterogeneity.

If =2 tasks had been used to measure
the GMS of CP, the effect size is selected
from the most commonly used tasks 22, If
the study reported multiple measurements
on the same task (e.g., the ability to balance

in left, right, front, and back directions), the
standard deviation and variance were aver-
aged to represent the outcome of the task 23

RESULTS

Literature characteristics

A total of 840 Chinese and English
studies were obtained from seven Chinese
and English databases. Six studies were
added through other means, so 846 studies
were imported into Endnote™ X9 (https://
endnote.com/). After removal of duplicates,
631 studies were obtained. Then, 126 stud-
ies were removed after reading the title and
abstract, which left 113 studies. Then, the
full text was read. According to the inclusion
and exclusion criteria stated above, 13 stud-
ies using RCTs were included: seven written
in English and six in Chinese (Fig. 1). The
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Embase (n=789)

Foreign Database: Chinese Database: Additional records
Web of Science, PubMed, CNKI. WanFang Data identified through
Cochrane Library, EBSCO, (n=51) other sources

(=06

v

Repeated papers removed (n=215)

v

The number of available papers (n=631)

Read the title and abstract and
manually remove the literature

v

v

(n=505)

The number of available papers (n=126)

Papers excluded after reading full

text (n=113) :
1. Outcome index is unqualified

v

v

(n=58) ;
2. Non-English literature (n=11) ;
3. Non-RCTs research (n=35) ;

The number of final valid paper (n=13)

4. Lack of result data (n=4) ;
5. Full text not available (n=1) .

Fig. 1. The flow chart of literature screening.

characteristics of the studies are shown in
Table 1.

The 13 studies involved 447 subjects.
Overall (male and female) samples were
used in all studies, and the sex ratio was ap-
proximately equal. The sample size of one
study was >50, in the other 12 studies it
was between 20 and 40. In our meta-analy-
sis, Nintendo (Kyoto, Japan) Wii™ was the
dominant and most frequently used gaming
platform. Five studies used Nintendo gaming
platforms, including Wii Balance, Wii Fit (or
Wii Fit Plus) and Wii Sports. The KMC1 (IN-
NOVAID, Denmark) virtual situational move-
ment system was used in one studies ,Q4
Scene Interactive Training System was used
in three studies, and four studies used the
Xbox™ 360 gaming platform from Microsoft
(Redmond, WA, USA). Except for two studies

that did not mention explicitly the interven-
tion environment, medical institutions such
as rehabilitation hospitals and children’s
clinics were the main intervention venues
(nine studies) and two studies used family
homes as the intervention environments.

In terms of the types of active video
games, it covered almost all sports, including
routine sports such as dancing, table tennis,
basketball, boxing, bowling, ski jumping,
obstacle course, skateboarding and so on.
Compared with traditional sports interven-
tion methods, the content scope of games
is broader, providing more choice space for
participants.

Literature Quality Evaluation
Among the 13 RCTs, only one study
was rated as “medium” quality (PEDro Scale

Investigacion Clinica 63(2): 2022
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score = 5), and the other 12 studies were
rated between 6 and 8, all of which denoted
“good” quality. The most prevalent problem
in the included RCTs was a lack of blinding.
A lack of blinding in the subject interven-
tion or evaluation of the final outcome can
increase the risk of bias in the selection and
evaluation of participants, and may impinge
an artificial influence on the experimental
results *°. The quality evaluation of studies

included in our meta-analysis is shown in
Table 2.

RESULTS OF META-ANALYSIS

Meta-analysis of the intervention effects
of VGT on LS of Children with CP

Eight randomized controlled experi-
ments were included in the study on the
intervention of VGT on LS of CP, includ-
ing 274 subjects. The analysis results are
shown in Fig. 2. Heterogeneity test results
showed that there was low heterogeneity be-
tween studies (X°=4.43, I’=0%, P=0.73),
the fixed-effect model was used to com-
bine effect size and effect size [SMD=0.80,

Std. Mean Difference

95%CI(0.55,1.05), P<0.00001], the differ-
ence was statistically significant, indicating
that VGT could significantly improve the LS
of CP, and the LS were significantly improved
compared with the control group. To further
explore the source of potential heterogene-
ity, a subgroup analysis of potential modera-
tors was conducted (Table 3).

Meta-analysis of the intervention effects
of VGT on OCS of Children with CP

Only three studies reported the inter-
vention effect of AVGs on OCS of children
with CP. The heterogeneity test showed
(Fig. 3) a high degree of heterogene-
ity between studies (X° = 5.21, I’ = 62%,
P = 0.07), the random-effect model was
used to combine effect size and effect size
[SMD=0.55,95%CI(-0.01,0.72),p=0.05],
the difference was not statistically signifi-
cant. Indicating that VGT had no significant
difference in improving OCS of Children
with CP when compared with the control
group.

Std. Mean Difference

IV, Fixed, 95% CI IV, Fixed, 95% CI

Experimental Control
Study or Subgroup _Mean __ SD_Total Mean  SD Total Weight
Arhoni 20149 a3.64 7. T B5Z3 1445 8 5.9%
chen 2013 4117 1174 18 3215 646 15 10.7%
chen 2016 716 441 20 3251 702 20 15.4%
Ren 2016 40 ih! 14 27 a 16 10.8%
Urgen 2016 A3.96 1748 15 4178 174845 15 11.3%
Zhang 2014 47 584 20 424 484 20 147%
Fhano (@) 2018 T2T79 9498 21 Ba1 1073 21 1587%
Fhao (b 2018 2919 814 21 2403 248 21 154%
Total (95% CI) 138 136 100.0%

Heterogeneity, Chif=4.43, df =7 (FP=0.73), F=0%
Test for overall effect: Z=6.31 (P = 0.00001%

Fig. 2. Effects of VGT on LS of Children with CP.

Experimental Control
Study or Subgroup  Mean  SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

0.36 [-0.67, 1.38] —

0.93[0.17, 1.68] —_—
0.55 [-0.08, 1.18] —
1.44[0.69, 2.20] —_—
0.57 [-0.07, 1.41] —
0.84[0.19,1.49] —_—
0.73[0.10,1.36) —
0.82[0.19, 1.45) —_—
0.80 [0.55, 1.05] L 4

Favours [experimental] Favours [control]

Std. Mean Difference
IV, Random, 95% CI

Alsaif, AAZ015 9.84 174 20 811 1.89 20 31.0%
Chiu 2014 0.26 0.21 30 025 02 27 36.49%
Zhaofa) 2018 16.38 7.07 21 1175 436 21 321%

Total (95% CI) 71 68 100.0%

Heterogeneity: Tauf= 015, ChF= 521, df=2(F=007), F=62%
Test for overall effect £=1.94 (F = 0.05)

Fig. 3. Effects of VGT on OCS of Children with CP.

0.92 [0.27, 1.58] —a—
0.05 [-0.47, 0.57]
0.77 [0.14, 1.40] —a—
0.55 [-0.01, 1.11]
4 2 0 2 4

Favours [experimental] Favours [control]
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Meta-analysis of the intervention effects
of AVGs on NLS of Children with CP.

VGT were the most widely studied in-
tervention on NLS of Children with CP, and
10 randomized controlled experiments were
included in the study on the intervention of
VGT on NLS of Children with CP, including
298 subjects. The analysis results are shown
in Fig. 4. The heterogeneity test showed a
high degree of heterogeneity between stud-
ies (X° = 28.42, I’ = 68%, P=0.0008), the
random-effect model was used to combine
effect size and effect size [SMD=0.83,95%C
1(0.38,1.28),p=0.0003], the difference was
statistically significant, indicating that VGT
could significantly improve NLS of Children
with CP, and the NLS were significantly im-
proved compared with the control group. To
further explore the source of potential het-
erogeneity, a subgroup analysis of potential
moderators was conducted (Table 4).

DISCUSSION

With the continuous development and
improvement of virtual-reality technology,
VGT are increasingly applied in the field of
sports rehabilitation, and the intervention of
VGT in special children is centered on the
mobility, balance and motor development
of children with autism 3% CP 2% and
developmental coordination disorder #°41,
However, there are few meta-analyses on the

Std. Mean Difference

intervention of gross motor skills and their
subordinate concepts in VGT, and the main
purpose of this study is to evaluate quantita-
tively the results of VGT on the development
of GMS in children with CP to verify its in-
tervention effect.

Analyses of the intervention effect of VGT
on LS of CP

Locomotor Skills refers to the ability to
move and change body direction and posi-
tion quickly and effectively under control,
which requires the integration of indepen-
dent motor abilities including balance, co-
ordination, speed, reflection, strength and
endurance, and is the embodiment of com-
prehensive ability. Meta-analysis of eight
papers included in this study with LS as an
indicator, showed that VGT had a significant
effect on LS of CP (SMD=0.80). This is con-
sistent with the results of the study conduct-
ed by Wuang et al. on 155 patients with Down
syndrome aged 7-12 years. After a 24-week,
2,880 minute virtual-reality game interven-
tion, they found that the AVGs intervention
group showed significant improvements in
speed and agility compared with the non-ex-
ercise group and the standard occupational
therapy group *.

In video game training, the standing
posture is often used to complete a lot of
weight fluctuation control, standing-squat-
ting, standing-sitting and other exercises,

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight
Algalf, A4 2015 16.1 31 20 127 374 20 11.7%
Arnoni 2019 -3.47 2.6 vo-309 2325 8 87%
Chen 2013 41,71 547 19 3782 718 18 11.0%
Chen 2016 41.25 B.28 20 3rg 79 20 11.49%
Fourazar 2019 57.2 1.8 10 4523 203 10 3.2%
Ren 2016 43 G 19 38 g 16 11.4%
Rojas 2017 -3.81 078 16 -4.19 0.9 16 11.1%
Urgen 2016 110,45 55499 10 86.89 49.41 10 9.7%
Uysal 2016 5575 045 12 8391 1.62 12 94%
Zhaolh) 2018 4405 6498 21 39.67 7.4 21 120%
Total (95% Cl) 150 148 100.0%

Heterogeneity: Tau?= 0.34; Chi*= 28.42, df= 8 (P = 0.0008); F= 63%
Test for overall effect 2= 3.63 (F = 0.0003)

Fig. 4. Effects of VGT on NLS of Children with CP.
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which need to constantly transfer the weight
between the lower limbs. All of these stim-
ulated the player’s muscle strength, espe-
cially the lower limbs, and improved the in-
dividual’s functional muscle strength. The
integrated development of strength, bal-
ance, and coordination, coupled with the
continuous involvement of neural networks
and cognitive components, as well as visual
or auditory feedback, triggered positive neu-
roplasticity changes in participants '*. These
are important reasons to improve the speed
and agility of participants.

Analyses of the intervention effect of VGt
on OCS of CP

There is a general lack of research on
how AVGs interfere with OCS of CP, and re-
cent studies have shown varied results *3.
There are only three studies on OCS includ-
ed in this study, and the intervention effect
is limited, the conclusion does not support a
significant improvement of OCS. The reason
for this may be that the OCS are relatively
complex. When applying force to an object
or intercepting an object, it includes not
only the gross motor, such as balance and
upper limb coordination, but also the hand-
eye coordination and even the flexible ability
of fingers, which is the combination of fine
motor and gross motor **. Simple upper limb
or arm movement training has limited im-
pact on tasks requiring hand-eye upper limb
coordination.

Another reason may be that OCS re-
quire upper or lower limbs to contact objects
for object control and perform actions such
as throwing, slapping and kicking. In this
process, the touch between the body and the
object plays an important role, which is dif-
ficult to replicate in virtual reality technol-
ogy. Neither the game handle in hand nor
the controller worn on the body can provide
timely haptic feedback, such as the weight
and size of the control object. Therefore,
some scholars began to try to use haptic
feedback gloves when using video games to
simulate ball operations in real life. By wear-

ing gloves, participants can timely feedback
more haptic information, so as to improve
the intervention effect of VGT on OCS *.
Although the overall effect of VGT on
improving OCS in this study is not signifi-
cant, the research of Chiu et al.?” shows that
the range and frequency of use of children’s
upper limbs have a significant increase,
compared with the past, after video game
intervention, which greatly improves their
independence level in daily activities *°, This
undoubtedly has an important impact on
the development and improvement of upper
limb function in CP. Because there is few lit-
erature on the impact of VGT on OCS, the
conclusions may have some uncertainty.

Analyses of the intervention effect of VGT
on NLS of CP

Balance ability is the ability to maintain
the human body’s posture and is a very im-
portant physiological function *’. Gait insta-
bility or difficulty in maintaining balance is
an important behavior of many special chil-
dren, so the intervention of balance ability
is an important measure to promote their
gross motor. Posture control ability and
muscle tension deficiency are considered to
be important factors affecting poor gait and
balance ability, and AVGs are considered to
improve the posture control ability in CP *5.
Among the 13 research literature included
in this study, the research on NLS is the most
concentrated (10 studies), and the interven-
tion effect was also obvious (SMD=0.83). A
reason for the impact of VGT intervention
on NLS may be that the AVGs platform is a
whole-body interactive video game, which
uses sensory motor experiences, such as vi-
sion and sound to simulate environment and
activities, and its design method can more
fully replicate the balance skills of the real
world #. Using virtual games to perform bal-
ance training on the screen provides users
with the ability to mirror in real time and
adjust their action amplitude, speed and ac-
curacy ¥, Lee et al. found that virtual re-
ality tools can provide more realistic visual
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feedback, which is the key to balance and
control skills .

Video game training requires players
to perform fast and accurate local or whole
body movements in the standing position,
which is very important to promote trunk
stability and posture adjustment required
for balance during movement *'. It can sig-
nificantly improve the symmetry of both
sides of the body, make the body center
of gravity evenly distributed in the lower
limbs, increase the stability of standing,
and improve the posture control ability 5.
In a systematic review of groups of CP by
Page and colleagues **, 10 of the 15 studies,
that included balance measures, found sig-
nificant improvement, with the most com-
pelling evidence being for improvement in
balance, those data are consistent with the
results of our meta-analysis.

Research Limitations

This study had three main limitations.
First, only 13 RCTs were included in our
meta-analysis. Second, the sample size was
relatively small. Third, although the subjects
included in the studies all CP, there may be
differences in etiology and pathogenesis,
and the severity of the disease is inconsis-
tent. The final intervention effect may have
been different because of different discase
mechanisms.

CONCLUSIONS

VGT provide a safe and interesting en-
vironment, produces less fatigue and greater
load intensity and total amount by the body;,
which increases the physical activity level of
game participants and improves the practice
effect. The results of this study show that
VGT is an effective rehabilitation treatment
tool in the intervention of GMS of CP. Espe-
cially in stability skills and locomotor skills,
the research conclusions are relatively con-
sistent and the intervention effects results
in a large effect. The intervention effect
of VGT on OCS is uncertain because there

are few studies published. Future research
should increase the inclusion of high qual-
ity literature and a larger sample size, and it
is expected that more scientific conclusions
can be drawn on the intervention of VGT in
the development of GMS in CP.
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