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RESUMEN

Antecedentes

El Sindrome de ojo seco (DED) asociado a la disfuncién de glandulas de Meibomio (MGD) es
la forma mas comtn de ojo seco. Actualmente, el tratamiento convencional, que se basa en
terapia domiciliaria, solo suele conseguir un alivio temporal de los sintomas y signos.
Ademas, la tasa de cumplimiento de este tratamiento es baja. Por ello, el objetivo principal
de esta tesis doctoral es determinar la seguridad y eficacia de un nuevo tratamiento
combinado de micro-blefaroexfoliacion (MBE), luz pulsada intensa (IPL) y expresion de

glandulas de Meibomio (MGX).

Metodologia

Se ha realizado una tesis doctoral de caracter industrial y por compendio de publicaciones.
Para responder al objetivo principal de la tesis, se llevd a cabo un ensayo clinico controlado.
Previamente, se revisaron sisteméaticamente la seguridad y eficacia de la MBE, terapias con
luz y MGX de forma individual. Posteriormente, se realiz6 un estudio longitudinal para
determinar la repetibilidad intra-observador de lalampara de hendidura S390L Firefly WDR,

utilizada en la medicion de variables analizadas en el ensayo clinico controlado.

Resultados

El tratamiento combinado de MBE-IPL-MGX obtuvo resultados significativamente
superiores con respecto a la terapia domiciliaria en aquellas variables relacionas con los
sintomas de ojo seco, asi como con la estabilidad de la pelicula lagrimal, la morfologia de las
glandulas de Meibomio y su secrecion. Ademas, la mejoria en la puntuacion de secrecion de
las glandulas de Meibomio (MGYSS) fue significativamente superior en los grados 2 y 3 de

MGD. En términos de seguridad, se report6 un 18,3 + 10,1% de efectos adversos (AEs).

En cuanto a las revisiones sisteméticas, la MBE consiguié una mayor reduccion de los
sintomas y signos que la terapia domiciliaria, asi como una mayor liberacion de meibum. Las

Xi



terapias con luz mostraron resultados similares, destacando la mejoria de la calidad del
meibum. Sin embargo, La MGX combinada con terapia domiciliaria solo mostro resultados
significativos en la reduccién de los sintomas. En cuanto a la seguridad, la MBE present6 un
2,4% de eventos AEs, mientras que las terapias con luz no generaron AEs. Sin embargo, los

AEs de la MGX no pudieron ser analizados debido a la falta de datos en los estudios revisados.

Con respecto a lampara de hendidura S390L Firefly WDR, las variables relacionadas con la
estabilidad de la pelicula lagrimal obtuvieron los coeficientes de variacion (CoV) mas altos,
mientras que las demés variables no obtuvieron CoV por encima de 0,18. Ademas, los Swy

graficos de Bland-Altman fueron consistentes.

Conclusiones

En el tratamiento del DED asociado a la MGD, la combinacion de MBE-IPL-MGX parece ser
segura y efectiva, logrando una reduccion significativa de los sintomas y signos, mientras que
mejora la calidad y cantidad del meibum liberado. Estos hallazgos también sugieren la

consideracion de este tratamiento combinado en las etapas mas avanzadas de la enfermedad.

Las revisiones sistematicas parecen respaldar la seguridad y eficacia de la MBE y las terapias
con luz en la reduccion de los sintomas y signos. Ademas, la MBE parece mejorar el meibum
de forma cuantitativa, mientras que las terapias con luz de forma cualitativa. Sin embargo, la
MGX solo parece ser efectiva en la reduccion de los sintomas y su seguridad sigue sin

esclarecerse.

Lalampara de hendidura S390L Firefly WDR mostr6 una alta repetibilidad intra-observador
para todas las variables analizadas, excepto para la estabilidad de la pelicula lagrimal, que
fue moderada. A pesar de ello, los valores de CoV, Sw y los graficos de Bland-Altman fueron

congruentes desde un punto de vista estadistico y clinico.
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ABSTRACT

Background

Dry eye disease (DED) associated with Meibomian gland dysfunction (MGD) is the most
common form of dry eye. Currently, conventional treatment, which is based on home therapy,
usually only achieves temporary relief of symptoms and signs. Moreover, the compliance of
this treatment is low. Therefore, the main objective of this doctoral thesis is to determine the
safety and efficacy of a new combined treatment of micro-blepharoexfoliation (MBE), intense

pulsed light (IPL) and Meibomian gland expression (MGX).

Methods

An industrial doctoral thesis was performed by compendium of publications. To meet the
main objective of the thesis, a controlled clinical trial was performed. Previously, the safety
and efficacy of MBE, light therapies and MGX were systematically reviewed. Subsequently, a
longitudinal study was performed to determine the intraobserver repeatability of the S390L
Firefly WDR slit lamp used in the measurement of the variables analyzed in the controlled

clinical trial.

Results

The combined treatment of MBE-IPL-MGX obtained significantly superior results compared
to home-based therapy in those variables related to dry eye symptoms, as well as tear film
stability, Meibomian gland morphology and secretion. In addition, the improvement in
Meibomian gland secretion score (MGYSS) was significantly higher in MGD grades 2 and 3.

In terms of safety, 18.3 + 10.1% adverse effects (AEs) were reported.

Regarding systematic reviews, MBE achieved a greater reduction in symptoms and signs than
home-based therapy, as well as greater meibum delivery. Light therapies showed similar
results, highlighting the improvement of meibum quality. However, MGX combined with

home-based therapy only showed significant results in symptoms reduction.
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Concerning safety, MBE presented 2.4% of AEs events, while light therapies did not generate
AEs. However, the AEs of MGX could not be analyzed due to the lack of data in the reviewed

studies.

Referring to the S390L Firefly WDR slit lamp, the variables related to tear film stability
obtained the highest coefficients of variation (CoV), while the other variables did not obtain

CoVs higher than 0.18. In addition, the Sw and Bland-Altman plots were coherent.

Conclusions

In the treatment of DED associated with MGD, the combination of MBE-IPL-MGX appears
to be safe and effective, achieving a significant reduction of symptoms and signs, while
improving the quality and quantity of meibum. These findings also suggest consideration of

this combination therapy in the more advanced stages of DED.

Systematic reviews appear to support the safety and efficacy of MBE and light therapies in
reducing symptoms and signs. Furthermore, MBE appears to improve meibum qualitatively,
while light therapies quantitatively. However, MGX only appears to be effective in reducing

symptoms and its safety remains unclear.

The S390L Firefly WDR slit lamp showed high intraobserver repeatability for all variables
analyzed, except for tear film stability, which was moderate. Despite this, the CoV, Sw values

and Bland-Altman plots were statistically and clinically coherent.
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I. INTRODUCCION



I.1. La Unidad Funcional Lagrimal
I.1.1. Definicion
La unidad funcional lagrimal (LFU, por sus siglas en inglés) fue descrita por primera vez por
Stern et al.l para explicar la relacién entre la superficie ocular y las glandulas lagrimales
durante el proceso de secrecién lagrimal. Actualmente, La LFU es definida como una
estructura compleja que comprende a la superficie ocular, los parpados y las glandulas
lagrimales, asi como a los nervios sensoriales y motores que conectan estos componentes

(Fig. 1.01).23

Lacrimal gland

Meibomian gland

Lacrimal nucleus
\

_ Comea

e Stimuli
(cold etc.)

Corneal afferents
(nociceptors)

Corneoscleral
limbus

Fig. 1.01. Esquema de la unidad funcional lagrimal (LFU, por sus siglas en inglés). La imagen muestra que la LFU
esta compuesta por los tejidos de la superficie ocular (cérnea y conjuntiva), los parpados, las glandulas lagrimales
(glandula lagrimal, glandulas accesorias, glandulas de Meibomio y células de Goblet) y sus conexiones neurales
(nervios sensoriales y motores).23 La estimulacion de los nociceptores presentes en la superficie ocular
desencadena impulsos sensitivos a través de la rama oftalmica (V1) del nervio trigémino (V par craneal) (lineas
amarillas), que se integran en el tronco encefalico, generando a su vez impulsos motores a través del nervio facial
(VII par craneal) (Lineas verdes y rojas) que estimulan a las glandulas lagrimales y al musculo orbicular,
permitiendo la accion del parpadeo.4 Durante el parpadeo, los componentes liberados por las glandulas lagrimales,
que forman la pelicula lagrimal, se distribuyen por la superficie ocular, aportandole lubricaciéon y proteccion.

Imagen de Labetoulle et al.4



Esta estructura, influenciada por cambio ambientales, factores endocrinologicos y sefiales

corticales,? presenta las siguientes funciones: %2>

1. Mantener la integridad de la pelicula lagrimal, desempefnando funciones lubricantes,

antimicrobianas y nutricionales.

2. Asegurar la salud de la superficie ocular, manteniendo la transparencia de la cérnea, lo que

permite proporcionar una imagen nitida en retina.

I.1.2. La Superficie Ocular

I.1.2.1. Cornea
La cornea es una estructura avascular y transparente, situada en la parte més anterior del

globo ocular y consta de 5 capas: epitelio, membrana de Bowman, estroma, membrana de

Descemet y endotelio (Fig. 1.02).%7 Su principal funcién es proporcionar, junto con la

pelicula lagrimal, una superficie refractiva anterior que aporta las 2/3 partes del poder

dioptrico total del globo ocular.”
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Fig. 1.02. Anatomia de la cérnea. Imagen de Downie et al.8



1.1.2.2, Conjuntiva
La conjuntiva es una capa transparente de mucosa que recubre la parte anterior del globo
ocular,’ dividiéndose en 3 porciones: La conjuntiva bulbar, que recubre la porcion externa
del globo ocular, la conjuntiva tarsal, que recubre la cara interna de los parpados, y el fornix

conjuntival, que es la zona de transicion entre ambas (Fig. 1.03).8°

Fig. 1.03. Anatomia de la conjuntiva. Imagen de Downie et al. 8
Histolégicamente, la conjuntiva se compone de miiltiples capas de células epiteliales. En las
capas mas superficiales, estas células se intercalan con las células de Goblet, cuya densidad
varia en funcion de su localizacion (Fig. 1.04).810 Las células de Goblet son las encargadas
de sintetizar y secretar el componente mucinico de la pelicula lagrimal, lo que proporciona
una adecuada humectacion de la superficie ocular, siendo ésta la principal funciéon de la

conjuntiva.l0:11

Wews
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Fig. 1.04. Distribucién de la densidad de células de Goblet en la superficie ocular. Imagen de Downie et al. 8



1.1.3. Los parpados
Los parpados son pliegues cutaneos retractiles que cubren y protegen al globo ocular frente
a agentes externos.8 Ademas, en los parpados existen diversas glandulas que intervienen en

la produccién de la pelicula lagrimal:

¢ Glandula lagrimal: Se localiza en la parte superior-externa del parpado superior,

encargandose de producir el componente acuoso de la pelicula lagrimal (Fig. 1.05).12

Fig. 1.05. Imagen lateral de la Glandula lagrimal. Imagen de Conrady et al.12

¢ Glandulas de Krause y Wolfring: Son glandulas accesorias localizadas en la cara
maés interna de los parpados, y su funcién es ayudar a la glandula lagrimal en la
produccion del componente acuoso de la pelicula lagrimal.!3

¢ Glandulas de Meibomio: Se ubican en el interior de los parpados y son las
encargadas de producir el meibum, un compuesto aceitoso que forma la capa lipidica

de la pelicula lagrimal (Fig. 1.06).8.14

== Meibomian glands
% . (upper lid)

Meibomian glands
(lower lid)

Fig. 1.06. Morfologia de las glandulas de Meibomio. Imagen de Downie et al. 8



I.1.3. Nervios motores y sensoriales
Los nervios que estimulan a los componentes de la LFU son el nervio trigémino (V par
craneal) y el nervio facial (VII par craneal),* que presentan conexiones entre ellos (Fig. 1.07)

y tienen su origen en la protuberancia del tronco encefélico.!?

e V par craneal: El nervio trigémino tiene 3 ramas principales que son la rama
oftalmica (V1), la rama maxilar (V2) y la rama mandibular (V3).1¢ S6lo la rama V1 es
la encargada de inervar al globo ocular, proporcionando estimulos sensoriales al

parpado superior, cornea, conjuntiva y glandulas lagrimales.*

e VII par craneal: El nervio facial proporciona inervacién a los misculos de la cara,
permitiendo la expresion facial.l® Sin embargo, a nivel ocular, este nervio es el
responsable de la inervacion motora de las glandulas lagrimales y del musculo
orbicular, lo que permite la producciéon de la pelicula lagrimal y la accion del

parpadeo, respectivamente.*

Fig. 1.07. Representacion de las comunicaciones entre las 4 ramas principales del nervio facial (VII par craneal),
conocidas como temporal (A), cigomatica (B), bucal (C) y mandibular marginal (D), con las ramas del nervio
trigémino (V par craneal). Las conexiones entre ambos nervios estin coloreadas en rojo. Imagen de Cobo et al.15

Una enfermedad o lesion en cualquiera de los componentes de la LFU pueden desestabilizar
la pelicula lagrimal, y, en consecuencia, provocar inflamaciéon de la superficie ocular,
derivando en los sintomas y signos del Sindrome del ojo seco (DED, por sus siglas en inglés),

como se vera a continuacion.



1.2. El Sindrome de ojo Seco

I.2.1. Definicion
En las 3 tltimas décadas, la concienciacion sobre el DED ha aumentado significativamente
en todo el mundo.!” Esto se debe al esfuerzo de diferentes organizaciones, que han expuesto
las bases de esta enfermedad en un intento continuo de mejorar la calidad de vida de las

personas afectadas.l7-1°

La primera definicién del DED fue publicada en 1995 por el Instituto Nacional del Ojo (NEI,
por sus siglas en inglés).!8 Esta organizacion definié el DED como un trastorno en el que la
calidad y cantidad de la pelicula lagrimal desempefiaban un papel importante en su
aparicion.1® Esta definicién fue modificada en el afio 2007 por la sociedad de la pelicula
lagrimal y la superficie ocular tras el primer taller internacional sobre el ojo seco (TFOS
DEWS I, por sus siglas en inglés).1° En ella, se consider6 el DED como una enfermedad de
origen multifactorial en el que la hiperosmolaridad de la pelicula lagrimal y la inflamacién de
la superficie ocular eran marcadores de la enfermedad.!® Sin embargo, tras una encuesta
realizada en el afio 2015, el 77% de los miembros de la TFOS DEWS II vot6 a favor de realizar

modificaciones en la definicién, quedando asi:1”

“El DED es una enfermedad multifactorial de la superficie ocular, caracterizada por una
pérdida de la homeostasis de la pelicula lagrimal que se acomparnada de sintomas oculares,
en la que la inestabilidad y la hiperosmolaridad de la pelicula lagrimal, asi como la
inflamacién, el datio de la superficie ocular y las anomalias neurosensoriales desempeiian

papeles etiolégicos."

En la actualidad, esta definicion sigue vigente y es aceptada internacionalmente. Sin
embargo, no incluye los términos “crénica”y “progresiva”, que son utilizados con frecuencia
en el ambito clinico. Por lo tanto, se necesitan nuevos estudios observacionales que informen
sobre el curso natural del DED para justificar futuras modificaciones de la terminologia

incluida en esta definicidon.1”



1.2.2. Epidemiologia
Aunque la prevalencia del DED varia en funcion de la poblacion estudiada (Fig. 1.08),20 el
subcomité de epidemiologia del TFOS DEWS II determiné, después de un metaanalisis de 24
estudios, que la prevalencia mundial del DED oscila entre el 5 y 50%.20 Este estudio, también
concluy6 que la prevalencia del DED aumenta con la edad, siendo maés frecuente en mujeres
que en hombres.?? Ademas, nuevos estudios epidemiologicos han sugerido que esta
enfermedad aparece cada vez con maés frecuencia en personas jovenes, debido a factores de
riesgo modificables como el aumento del tiempo en pantallas de visualizacion de datos y el
uso de lentes de contacto.?1-23 Otros factores de riesgo modificables, como los

ambientales,2425 la deficiencia de androgénica,227 el tratamiento hormonal sustitutivo,2* el

trasplante de células progenitoras hematopoyéticas?®?° y el uso de medicamentos, entre los

que se incluyen los anestésicos topicos, antiglaucomatosos, antihistaminicos, antidepresivos,
ansioliticos y retinoides,3° han mostrado tener una evidencia consistente en la aparicion del

DED.
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Fig. 1.08. Mapa de prevalencia del Sindrome de ojo seco (DED, por sus siglas en inglés). Este mapa muestra que
la prevalencia del DED es superior en Asia (20 - 54%), en comparacién con Europa (18,4 — 39,2%) y América

(14.5%). Imagen de Stapleton et al.20



I.2.3. Clasificacion y Fisiopatologia
El Subcomité de Fisiopatologia del TFOS DEWS II lleg6 a la conclusion de que el principal
mecanismo fisiopatologico del DED es la hiperosmolaridad de la pelicula lagrimal inducida

por su evaporacion,? lo que permite definir los 2 tipos principales de ojo seco (Fig. 1.09):17

1. Ojo seco acuo-deficiente (ADDE, por sus siglas en inglés): En este tipo de ojo seco, la
hiperosmolaridad es el resultado de una secrecion lagrimal reducida en presencia de una
tasa normal de evaporacion de la pelicula lagrimal,317 siendo su causa mas frecuente el
Sindrome de Sjogren (SS, por sus siglas en inglés).3!

2. Ojo seco evaporativo (EDE, por sus siglas en inglés): En este tipo de ojo seco, la
hiperosmolaridad es el resultado de una evaporacion excesiva de la pelicula lagrimal en
presencia de una secrecién lagrimal normal,317 siendo su causa méas frecuente la

disfuncién de glandulas de Meibomio (MGD, por sus siglas en inglés).1#

El Subcomité también recomend6 que se utilizaran los términos ADDE y EDE para describir
la base inicial del DED.? Sin embargo, a medida que la enfermedad progresa puede adquirir
nuevas caracteristicas evaporativas, derivando en un ojo seco mixto (MDE, por sus siglas en

inglés), como ocurre en pacientes con SS, donde puede llegar a coexistir la MGD.3

Dry Eye Disease

Aqueous deficient ' Mixed . Evaporative
. o . .l
Management to restore homeostasis

A TFOS DEWS || Mesagement

Fig. 1.09. Clasificacion etiologica del Sindrome de ojo seco (DED, por sus siglas en inglés), destacando los 2 tipos
principales de ojo seco: acuo-deficiente (ADDE, por sus siglas en inglés) y evaporativo (EDE, por sus siglas en
inglés). A medida que el DED progresa, es cada vez mas probable que se hagan evidentes las caracteristicas de

ambos tipos de ojo seco, derivando en un ojo seco mixto (MDE, por sus siglas en inglés).3 Imagen de Craig et al.!”



Por tanto, en cierto sentido, se puede concluir que todas las formas del DED tienen un
componente evaporativo, ya que, sin evaporacion no puede producirse la hiperosmolaridad
de la pelicula lagrimal.332 Ademas, existen factores ambientales que contribuyen a la
evaporacion de la pelicula lagrimal y, por tanto, a la hiperosmolaridad de la pelicula lagrimal,

entre los que se encuentran la temperatura elevada, la baja humedad y el viento.25

En cuanto al mecanismo fisiopatologico del DED, esta hiperosmolaridad de la pelicula
lagrimal, inducida por su evaporacion, es la desencadenante de una cascada de eventos de
sefializacion dentro de las células epiteliales de la superficie ocular,332 que conducen a la
liberacion de mediadores inflamatorios y proteasas.33-3% Estos mediadores, junto con la
propia hiperosmolaridad, provocan la pérdida de células epiteliales y de Goblet,3>3¢ asi como
dafios en el glicocalix.?32 La pérdida de células de Goblet es una caracteristica de todas las
formas del DED, reflejado en la reduccion de los niveles de la mucina secretora MUC5AC.37:38
Ademas, la expresion alterada de mucinas en el glicocélix es considerada la base de la
queratitis punteada superficial que, al comprometer la humectaciéon de la superficie ocular,
provoca la inestabilidad y ruptura temprana de la pelicula lagrimal.3-32 Esta ruptura exacerba
la hiperosmolaridad de la pelicula lagrimal y completa el circulo vicioso de acontecimientos
que conducen de nuevo al dafio de la superficie ocular, autoperpetuando la enfermedad (Fig.
1.10).33% Todo este dafio estimula las terminaciones nerviosas de la cérnea, provocando los
sintomas de ojo seco, entre los que se encuentran la sensaciéon de cuerpo extrafio, irritacion

ocular, vision borrosa, lagrimeo reflejo y el aumento de la frecuencia del parpadeo.4°

La inestabilidad de la pelicula lagrimal también puede iniciarse sin la presencia previa de
hiperosmolaridad,*! debido a los factores de riesgo de la enfermedad que se han comentado
anteriormente.20 En este caso, se teoriza que la ruptura temprana de la pelicula lagrimal es la
base principal de la hiperosmolaridad de la pelicula lagrimal, que se experimenta
inicialmente de forma local en el lugar de la ruptura, para extenderse posteriormente a toda

la superficie ocular e iniciar el circulo vicioso de acontecimientos que caracterizan a esta

enfermedad.341:42
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Fig. 1.10. Esquema del circulo vicioso del Sindrome de ojo seco (DED, por sus siglas en inglés). El mecanismo
central de la DED es la hiperosmolaridad de la pelicula lagrimal, que es el sello distintivo de esta enfermedad.
Ademas, dado que la osmolaridad de la pelicula lagrimal s6lo puede aumentar como resultado de su evaporacion,
todas las formas del DED tienen un componente evaporativo.332 Inicialmente, esta hiperosmolaridad estimula una
cascada de eventos en las células epiteliales de la superficie ocular, que involucran la generaciéon de citoquinas
inflamatorias (IL-1a y IL-1B), factor de necrosis tumoral (TNF-a) y proteasas (MMP-9).3334 Estos mediadores,
actuando junto con la propia hiperosmolaridad de la pelicula lagrimal, provocan la apoptosis de las células
epiteliales y de Goblet,3536 asi como a una menor expresiéon de mucinas en el glicocélix,332 que es considerada la
base de la tincién de la superficie ocular. Ademés, la humectaciéon de la superficie ocular también se ve
comprometida, provocando la inestabilidad y ruptura de la pelicula lagrimal, que amplifica la hiperosmolaridad de
la pelicula lagrimal y completa el circulo vicioso, autoperpetuando la enfermedad al conducir de nuevo al dafo de
la superficie ocular.339 Todo este dafio estimula las terminaciones nerviosas de la cérnea, lo que provoca sintomas
de incomodidad, un aumento de la frecuencia de parpadeo y la secrecion lagrimal refleja.40 La inestabilidad de la
pelicula lagrimal también puede iniciarse sin la presencia de hiperosmolaridad,* que ocurre en casos de déficit de
vitamina A, alergia ocular, uso de conservante tépicos y lentes de contacto.2? En este caso, la ruptura de la de la
pelicula lagrimal inicia la hiperosmolaridad, que aparece inicialmente en el lugar de la ruptura, para extenderse
posteriormente a toda la superficie ocular e iniciar de nuevo el circulo vicioso de acontecimientos caracteristicos

de esta enfermedad.34142 Imagen de Bron et al.3

11



1.2.3.1. Disfuncién de Glandulas de Meibomio
El EDE asociado a la MGD es la forma més comun del DED.317 La definicién de la MGD se
realiz6 en el afio 2011 por la TFOS tras el taller internacional sobre MGD, que ha sido

ampliamente aceptada a nivel mundial y sigue vigente en la actualidad:43

“La MGD es una anomalia crénica y difusa de las glandulas de Meibomio, comiinmente
caracterizada por la obstruccién del conducto terminal y/o cambios cualitativos y
cuantitativos en la secrecion glandular. Esto puede tener como resultado una alteracion de
la pelicula lagrimal, sintomas de irritaciéon ocular, inflamacién clinicamente aparente y

enfermedades de la superficie ocular.”

La prevalencia de la MGD varia en funcion de la poblacion estudiada (Fig. I.11).20 Sin
embargo, la TFOS determind, después de un metaanalisis de 5 estudios, que su prevalencia
mundial oscila entre el 30,5 y 68,3%.20 Este estudio también concluy6 que la MGD aumenta
con la edad, siendo mas frecuente en mujeres postmenopausicas.2? Otros factores de riesgo
para la MGD son la deficiencia androgénica,2%27 el hiperestrogenismo,** las afectaciones
cutaneas, como la rosicea, atopia y psoriasis,* y el uso medicamentos, entre los que se

incluyen los antihistaminicos, antidepresivos y retinoides.3?
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Fig. I.11. Mapa de prevalencia de la disfuncién de glandulas de Meibomio (MGD, por sus siglas en inglés) Este

mapa muestra que la prevalencia de la MGD es superior en Asia (30,5% - 68,3%). Imagen de Stapleton et al.20
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La MGD se clasifica en 2 grupos segtin estado de la secrecion del meibum (Fig. 1.12):43

1.

Estado de alta secrecion: Este tipo de MGD, también llamado seborrea

meibomiana,*¢ se caracteriza por la liberaciéon de un gran volumen de meibum en el borde

libre del parpado, que se hace visible al aplicar presion sobre el tarso palpebral.3:43

Estado de baja secrecion: Este tipo de MGD se caracteriza por la liberacion de un bajo

volumen de meibum en el borde libre del parpado.34® Se clasifica a su vez en

hiposecretora y obstructiva, y este tltimo, se divide en las formas cicatricial y no

cicatricial 4347

2.1.

2.2.

MGD hiposecretora: En este subtipo de MGD existe una disminucién de la
secrecion de meibum debido a anomalias en las glandulas de Meibomio, pero no hay
una obstruccion clinicamente aparente.*3

MGD obstructiva: Este subtipo de MGD es el més comun y se caracteriza por una
obstruccion del conducto terminal de las glandulas de Meibomio.*® En la forma
cicatricial, los orificios de estas glandulas son arrastrados posteriormente hacia la
conjuntiva tarsal, haciendo que se estrechen, lo que impide la liberacion del
meibum.314 Sin embargo, en la categoria no cicatricial, los orificios mantienen su
posicién anatomica, pero se produce una hiperqueratinizacion del conducto, que
conduce a su obstruccién y, por tanto, a la atrofia glandular.314 Ademas, esta
obstruccion puede exacerbarse por cambios en la composicién del meibum, que

aumentan su viscosidad.*?

En la actualidad, parece no existir evidencia cientifica que respalde una relaciéon causal entre

un elevado volumen de liberaciéon del meibum y el desarrollo del DED.3 No obstante, es

importante destacar que tanto el bajo volumen de liberacion del meibum, como los cambios

en su composicion han sido asociados con un aumento en la evaporaciéon de la pelicula

lagrimal y su inestabilidad.?14 Este proceso conduce a la hiperosmolaridad de la pelicula

lagrimal, que inicia todo el mecanismo fisiopatologico que subyace al DED y deriva en un

circulo vicioso que autoperpetia la enfermedad,?41:42 como se ha explicado anteriormente.
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Fig. I.12. Clasificacion etioldgica de la disfuncion de glandulas de Meibomio (MGD, por sus siglas en inglés). En
la parte superior de la figura, se ilustran las formas mas comunes de la MGD de bajo estado de secrecién: la MGD
obstructiva no cicatricial y cicatricial.4347 La MGD no cicatricial se caracteriza por la hiperqueratinizacion del
conducto de las glandulas de Meibomio, que deriva en su obstruccion y, en tultima instancia, en la atrofia
glandular.314 Esta obstruccion también puede verse favorecida por cambios en la calidad del meibum, haciéndose
mas viscoso.*® Esta forma de MGD se asocia con afectaciones dermatoldgicas como la rosicea, atopia y psoriasis. 4
En cuanto a la MGD cicatricial, se caracteriza por el desplazamiento posterior de los orificios de las glandulas de
Meibomio hacia la conjuntiva tarsal, haciendo que se estrechen, lo que impide la salida efectiva del meibum.314
Esta forma de MGD se asocia con enfermedades que afectan a la conjuntiva, como el tracoma, eritema multiforme
y pénfigo. En general, otros factores que también influyen en la apariciéon de la MGD son la edad, la deficiencia
androgénica,26:27 el hiperestrogenismo# y el uso de medicamentos, como antihistaminicos, antidepresivos y
retinoides.30 De forma croénica, ambas formas de MGD derivan en un aumento de la evaporacién de la pelicula
lagrimal y su inestabilidad. Este proceso conduce a la hiperosmolaridad de la pelicula lagrimal, que inicia todo el
mecanismo fisiopatologico del DED, derivando en un circulo vicioso que autoperpetiia la enfermedad,34142 como
se ha explicado en apartados anteriores. En la parte inferior de la figura, se muestra la MGD de alto estado de
secrecion, también conocida como seborrea meibomiana.46 Esta forma de MGD se caracteriza por un por el elevado
volumen de liberacién del meibum en el borde libre del parpado, y se asocia con la dermatitis seborreica.343 Sin
embargo, actualmente no hay evidencias sobre la relaciéon directa entre esta forma de MGD y el DED.3 Imagen de
Bron et al.3
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1.2.4. Diagnoéstico
El subcomité de metodologia diagnostica del TFOS DEWS II desarroll6 una guia basada en
la evidencia cientifica para diagnosticar y clasificar el DED en un entorno clinico (Fig. 1.13),

que es utilizado internacionalmente en la actualidad. >°

Antes del diagnostico, es importante conocer todos los factores de riesgo que presenta el
paciente, asi como excluir todas aquellas condiciones oculares que puedan simular al DED a
través de una bateria de preguntas de cribado.? Posteriormente, se deben evaluar los
sintomas de DED mediante el cuestionario de enfermedad de la superficie ocular (OSDI, por
sus siglas en inglés) o el cuestionario de ojo seco-5 (DEQ-5, por sus siglas en inglés). Una
puntuacion del cuestionario DEQ-5 > 6 puntos,®! o del cuestionario OSDI > 13 puntos®2 debe
desencadenar un examen mas detallado en busca de signos clinicos del DED. La presencia de
uno de los siguientes signos, en uno o ambos ojos, se considera representativa de una

homeostasis alterada, lo que confirma el diagnéstico del DED:50

e Tiempo de ruptura lagrimal no invasivo (NIBUT, por sus siglas en inglés) < 10 s. En
su defecto, el subcomité recomienda el uso del tiempo de ruptura lagrimal con

fluoresceina (FBUT, por sus siglas en inglés), considerando el mismo valor anterior.

e Osmolaridad de la pelicula lagrimal (OSM, por sus siglas en inglés) > 308 mOsm/L,

o una diferencia de OSM entre ambos ojos > 8 mOsm/L.

e Tincién de la superficie ocular (CFS, por sus siglas en inglés) con verde lisamina o
fluoresceina, obteniendo > 5 puntos de tincién corneal, o > 9 puntos de tincién

conjuntival.

El subcomité también recomendd que cuando se realicen estas pruebas en su conjunto, se
debe seguir el siguiente orden para preservar la estabilidad de la pelicula lagrimal, evitando
asi resultados no fiables: NIBUT, OSM, FBUT y CFS.%0 Una vez confirmado el diagnostico del
DED, se deben realizar pruebas, como la mediciéon del volumen lagrimal y la meibografia,

que permitan clasificar el DED en ADDE o EDE.50
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Fig. 1.13. Diagnostico del Sindrome de ojo seco (DED, por sus siglas en inglés). El cuestionario OSDI y DEQ-5
junto con pruebas, como el tiempo de ruptura lagrimal invasivo (NIBUT, por sus siglas en inglés), la osmolaridad
de la pelicula lagrimal (OSM, por sus siglas en inglés) y la tincién de la superficie ocular (CFS, por sus siglas en
inglés) proporcionan el diagnostico del DED. Posteriormente, hay que realizar pruebas como la medicién del
volumen lagrimal y la meibografia para clasificar el DED en ojo seco acuo-deficiente (ADDE, por sus siglas en
inglés) o evaporativo (EDE, por sus siglas en inglés). Antes de realizar todas estas pruebas diagndsticas, es
importante excluir otras afectaciones oculares que pueden simular el DED con la ayuda de preguntas de cribado,
asi como conocer los factores de riesgo que pueden informar sobre futuras opciones de tratamiento.3 Imagen de

Wolffsohn et al.50

I.2.4.1. Volumen Lagrimal
El test de Schirmer (ST, por sus siglas en inglés) es comiinmente usado para medir el volumen
lagrimal (Fig. I.14),°0 siendo muy 1til en el diagndstico del ADDE severo.>? Sin embargo, su
invasividad lo ha llevado a ser reemplazado por otras pruebas, como la altura del menisco
lagrimal (TMH, por sus siglas en inglés), que es una medida objetiva y no invasiva.>* Ademas,

esta prueba puede ser obtenida de manera automatica en la actualidad.>®
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Fig. 1.14. Test de Schirmer (ST, por sus siglas en inglés). Esta prueba consiste en colocar una tira de papel de 5 x
35 mm sobre el tercio temporal del borde libre del parpado inferior. La puntuacién de la prueba se determina

midiendo la longitud de humectacién de la tira tras un periodo de 5 minutos. Imagen de Nava-Castafieda et al.5¢
1.2.4.2. Meibografia
La meibografia es una prueba que utiliza luz infrarroja para observar la estructura

morfologica de las glandulas de Meibomio (Fig. 1.15).°’->° Existen diversas escalas de

puntuacion para su evaluacion, que han demostrado tener una elevada reproducibilidad.®®6!

Sin embargo, actualmente existen dispositivos de nueva generacion que permiten un analisis
automatico de las glandulas de Meibomio, lo que representa un cambio significativo en la
practica clinica, ya que elimina la subjetividad del observador y proporciona una evaluacion

mas eficiente.55,62-64

Fig. 1.15. Meibografia en un paciente con disfuncién de glandulas de Meibomio (MGD, por sus siglas en inglés).
Las regiones de mayor reflectancia corresponden a las glandulas de Meibomio, mientras que las regiones oscuras

representan atrofia glandular. Imagen de Wolffsohn et al.50
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I.2.5. Tratamiento del Sindrome de ojo seco asociado a la disfuncién de
Glandulas de Meibomio
El subcomité de manejo y terapia del TFOS DEWS II establece que el tratamiento
convencional para el DED asociado a la MGD deber estar basado en la terapia domiciliaria,

que consiste en higiene palpebral, el uso de lagrimas artificiales y compresas calientes.%>

1.2.5.1. Higiene Palpebral
La higiene palpebral consiste en limpiar los parpados con la finalidad de reducir la carga
bacteriana presente en el borde libre del parpado que es la causante de la lipdlisis del
meibum, contribuyendo a la apariciéon de la MGD.% De forma tradicional, la higiene
palpebral con champti para bebés ha sido la terapia mas aceptada.®® Recientemente, Craig et
al.®” han demostrado que este tipo de higiene palpebral mejora el estado de la capa lipidica
de la pelicula lagrimal y reduce significativamente los niveles de MMP-9. Sin embargo, en la
actualidad existen una amplia variedad de productos para la higiene palpebral, como el
terpinen-4-ol, que ha demostrado ser mas eficaz y esta disponible en diversas formas de

aplicacibn, entre las que se encuentran las espumas, soluciones y toallitas.66.68.69

1.2.5.2. Lagrimas artificiales
Debido a que la MGD deriva en una mayor evaporacion de la pelicula lagrimal, es interesante
utilizar lagrimas artificiales de base lipidica que mejoren el ratio de evaporacién. Diferentes

estudios han informado de mejoras significativas en los sintomas y signos del DED tras el uso
de este tipo de lagrimas artificiales.”®’2 Ademaés, una reciente revisiéon sistematica postula

que las lagrimas artificiales compuestas de perfluorohexyloctano pueden penetrar en las

glandulas de Meibomio e interactuar con el meibum, mejorando su funcion secretora.”

1.2.5.3. Compresas Calientes
El calor local en los parpados, alrededor de los 40 °C, mediante compresas ha demostrado
mejorar la calidad y fluidez del meibum.® En la actualidad, se comercializan una amplia

variedad de compresas capaces de mantener la temperatura durante més tiempo.”3
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El subcomité de manejo y terapia del TFOS DEWS II recomienda que estas terapias se
utilicen de forma conjunta.®® Sin embargo, el cumplimiento suele ser bajo.5>747> Por ello, es
necesario la aplicacion de nuevos tratamientos dirigidos a mecanismos especificos
implicados en la patogénesis del DED asociado a la MGD,?%5 entre los que se encuentran la
micro-blefaroexfoliacion (MBE, por sus siglas en inglés), la luz pulsada intensa (IPL, por sus

siglas en inglés) y la expresion de las glandulas de Meibomio (MGX, por sus siglas en inglés).

1.2.5.4. Micro-blefaroexfoliacion
La MBE es un tratamiento en el que se exfolia el borde libre de los parpados con el proposito
de eliminar los depositos celulares acumulados en las pestafias y reducir la queratinizacion
epitelial del borde libre del parpado, facilitando la salida del meibum (Fig. 1.16).55

Diferentes estudios han demostrado que la MBE no solo es un tratamiento seguro y eficaz

para el DED asociado ala MGD,® 75781 sino también para la blefaritis anterior y el discomfort

asociado al uso de lentes de contacto en comparacion con la higiene palpebral.82

Fig. 1.16. Tratamiento de micro-blefaroexfoliacion (MBE, por sus siglas en inglés). Imagen de Elise Kramer.83

1.2.5.5. Terapia con Luz
La IPL es el tipo de fototerapia basada en lamparas de flash que emiten luz policromatica no
coherente en un rango de longitud de onda entre 500 y 1200 nm.8485 Inicialmente, esta
terapia se aplicaba en el ambito dermatolégico.8> Sin embargo, en 2002, Toyos et al.8¢
informaron que los pacientes que recibieron IPL para tratar la rosacea experimentaron una
mejora significativa en los sintomas del DED. Este descubrimiento llevd al desarrollo de

nuevos dispositivos disefiados especificamente para tratar el DED (Fig. 1.17).
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En la actualidad, diferentes estudios han demostrado que la IPL es un tipo de fototerapia

seguro y eficaz, siendo la mas utilizada para el DED asociado a la MGD.8! E]l principal

mecanismo de accidn de esta terapia es antiinflamatorio.8* La energia generada por la IPL es
absorbida por la hemoglobina, lo que provoca la trombosis de vasos sanguineos anémalos.??~
94 Este proceso resulta en la disminucion de la concentracion de mediadores inflamatorios
en las glandulas de Meibomio, y como resultado, se previene la disfuncion de estas glandulas

y se mejora su secrecion glandular.?®

Fig. 1.17. Tratamiento con luz pulsada intensa (IPL, por sus siglas en inglés). Imagen de Vergés et al.o1

1.2.5.6. Expresion de las Glandulas de Meibomio
La expresion de las glandulas de Meibomio (MGX, por sus siglas en inglés) consiste en aplicar
presion sobre los parpados para liberar el meibum de las glandulas de Meibomio, evitando
obstrucciones que podrian derivar en la atrofia glandular (Fig. 1.18).5%> Existen diferentes
técnicas para realizar la MGX. Sin embargo, Aketa et al.?¢ inform6 de que la MGX con pinzas
de Collins obtiene mejores resultados que la MGX manual. En la actualidad, diferentes
estudios han demostrado que la MGX que mejora los sintomas y signos del DED asociado a

la MGD, %697 pero faltan estudios que analicen su seguridad.

Fig. 1.18. Expresion de las glandulas de Meibomio (MGX, por sus siglas en inglés). Imagen de Aketa et al.%
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II. JUSTIFICACION DE LA TESIS
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Alo largo de esta introduccién, queda establecido que el DED es una enfermedad que afecta
a una porcion cada vez mayor de la poblacion, generando una serie de sintomas que imponen
una carga significativa en la vida diaria de los pacientes, llegando a afectar a sus relaciones
sociales y laborales.”8-100 En este contexto, la necesidad de un diagnoéstico precoz y
tratamiento eficaz del DED adquiere atin mayor relevancia al considerar su impacto negativo

en la calidad de vida de los pacientes.?8:101,102

El subcomité de manejo y terapia del TFOS DEWS II establece que la primera linea de
tratamiento del DED deber estar basada en la higiene palpebral, el uso de lagrimas artificiales
y compresas calientes. Sin embargo, es importante destacar que estos tratamientos solo
proporcionan un alivio temporal de los sintomas del DED y,% en la mayoria de los casos, el
cumplimiento del tratamiento es limitado.%%7475 Por ello, surge la necesidad de nuevos
tratamientos que actien sobre los mecanismos especificos implicados en la patogénesis del

DED, como la MBE, IPL y MGX.

En la actualidad, varios ensayos clinicos han evaluado la seguridad y eficacia del tratamiento
combinado de IPL-MGX.103-115 Ademas, Leng et al.11¢ concluyeron, después un metaanalisis
de 9 estudios, que la combinacion de IPL-MGX era mas efectiva que realizar cada tratamiento
de forma independiente. Sin embargo, debido a que la MBE es un tratamiento de reciente
aparicion, no existe literatura cientifica disponible que investigue los efectos de la
combinacion de los 3 tratamientos en el DED. Por ello, en esta tesis se plantea la siguiente

hipoétesis y objetivos.
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III. HIPOTESIS Y OBJETIVOS
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IIL.1. Hipétesis
El tratamiento combinado de MBE-IPL-MGX podria mejorar los sintomas y signos de los
pacientes con el DED asociada ala MGD. La MBE elimina la queratinizaciéon del borde libre
del parpado que dificulta la salida del meibum. La IPL provoca la trombosis de vasos
sanguineos anémalos haciendo que se reduzca la concentracion de mediadores inflamatorios
que alteran las glandulas de Meibomio, y la MGX evita la obstruccion de las glandulas de
Meibomio. Estos mecanismos podrian tener un efecto sinérgico que mejoraria la calidad y
cantidad del meibum liberado por las glandulas de Meibomio, aumentado el grosor la capa
lipidica de la pelicula lagrimal, y por consiguiente la calidad e integridad de ésta, lo que daria

lugar a una reduccion de los sintomas y signos del DED.

II1.2. Objetivos
El objetivo principal de esta tesis doctoral es determinar la seguridad y eficacia del

tratamiento combinado de MBE-IPL-MGX en el DED asociado a la MGD.

Para ello, se han planteado los siguientes objetivos secundarios:

1. Revisar sistematicamente y de forma individual cada uno de los siguientes tratamientos:

e Seguridad y eficacia de la MBE en el DED asociada a la MGD.
e Seguridad y eficacia de las terapias con luz en el DED asociada a la MGD.
e Seguridad y eficacia de la MGX en el DED asociada a la MGD.
2. Evaluar la repetibilidad intra-sujeto de la lampara de hendidura S390L Firefly WDR

(Shanghai Mediworks Precision Instruments Co., Shanghai, China) utilizada en la medicion

de las variables de estudio de nuestro objetivo principal.
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IV.1. Eyelid Exfoliation Treatment Efficacy and Safety in Dry Eye Disease,
Blepharitis, and Contact Lens Discomfort Patients: A Systematic Review
Este estudio tuvo como objetivo determinar la seguridad y eficacia del tratamiento de MBE
en el DED, blefaritis anterior y el discomfort asociado al uso de lentes de contacto. Para ello,
se realiz6 una revision sisteméatica mediante la declaraciéon de los elementos de notificacion
preferidos para revisiones sistematicas y metaanalisis (PRISMA, por sus siglas en inglés).11”
La estrategia de busqueda se realiz6 en 2 gestores bibliograficos, PubMed y Web of Science,
introduciendo con operadores booleanos las siguientes palabras claves: (lid debridement OR
lid debridement scaling OR LDS OR blepharon exfoliation OR blephEx OR
blepharoexfoliation OR microblepharoexfoliation OR MBE) AND (dry eye OR meibomian
gland dysfunction OR MGD OR blepharitis OR demodex blepharitis). Después del proceso
de cribado, se incluyeron un total de 7 ensayos clinicos aleatorizados y controlados (RCTs,
por sus siglas en inglés), En cuanto al riesgo de sesgo, los RCTs fueron evaluados mediante

la herramienta Cochrane.118

La sintesis de los datos mostr6 que el tratamiento de MBE obtuvo resultados superiores en
comparacién con la terapia domiciliaria, que se bas6 principalmente en higiene palpebral.
Las variables analizadas que obtuvieron resultados a favor de la MBE fueron las siguientes:
cuestionario OSDI, cuestionario de ojo seco asociado al uso de lentes de contacto (CLDEQ-8,
por sus siglas en inglés), NIBUT, CFS, nivel de secrecion de las glandulas de Meibomio (MGS,
por sus siglas en inglés) y carga bacteriana. En cuanto a los efectos adversos (AEs, por sus
siglas en inglés), se reportd discomfort minimo e irritacion del borde libre del parpado en el

4,1% (n = 13) y 0,6% (n = 2), respectivamente.

En conclusion, la MBE puede considerarse como un tratamiento seguro y eficaz que aumenta
la cantidad del meibum liberado sin mejorar su calidad. Por tanto, este tratamiento deberia
ser recomendado para el DED asociada a la MGD, la blefaritis anterior y usuarios de lentes

de contacto.

26



INGTGHIRA+2ZH8eAAdAYO/FOAEIDVIASALLIAIPOOAEIEAHIOI/ADAUM

VIXOMADUOIAXZOHISABZIY TN+ NIOITWNOTIZTARY HHaSHINAUg Aq oolde/woo mm sjeuinol//:dny woly papeojumoq

€20¢/¥0/90 uo

REVIEW ARTICLE

Eyelid Exfoliation Treatment Efficacy and Safety in Dry Eye Disease,
Blepharitis, and Contact Lens Discomfort Patients:
A Systematic Review

Antonio Ballesteros-Sanchez, OD, PhD*t, Beatriz Gargallo-Martinez, OD, PhD+1,
Ramon Gutiérrez-Ortega, MD, PhDt1%, and José-Maria Sanchez-Gonzalez, OD, PhD*

Purpose: To determine the efficacy and safety of eyelid exfoliation
treatment in dry eye disease (DED), blepharitis, and contact lens
(CL) discomfort patients.

Methods: A systematic review that included only full-length
randomized controlled studies, reporting the effects of eyelid ex-
foliation treatment in 2 databases, PubMed and Web of Science, was
performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses statement. The search period was be-
tween October 29, 2022 and December 6, 2022. The Cochrane risk of
bias tool was used to analyze the quality of the studies selected.
Results: A total of 7 studies were included in this systematic review.
Eyelid exfoliation treatment influence on DED, blepharitis, and CL
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exfoliation treatment achieved a better improvement than control
group interventions in all reported variables. The mean differences
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INTRODUCTION

Eyelid exfoliation is a novel in-office treatment that works
by cleaning the eyelashes and exfoliating the eyelid margins to
remove the accumulated biofilm debris, epithelial keratiniza-
tion, and capped meibomian glands, resulting in better
meibum outflow.! This treatment may be known as
microblepharoexfoliation (MBE) or eyelid debridement-
scaling (LDS) when it is performed with the BlephEx instru-
ment (BlephEx LLC) or the stainless-steel golf club spud
(Hilco Wilson Ophthalmics), respectively. Currently, evidence
suggests that all forms of dry eye disease (DED) have an
evaporative component because ocular surface hyper-
osmolarity can only arise in response to evaporation.? Mei-
bomian gland dysfunction (MGD) is the most common form
of evaporative dry eye, and it is characterized by meibomian
gland atrophy and dropout due to terminal duct obstruction
and/or changes in meibum quality and quantity.>> MGD
causes tear film evaporation, leading to tear hyperosmolarity,
which promotes the release of inflammatory mediators and
proteases that cause damage to the ocular surface, resulting in
the usual symptoms of DED, such as gritty and foreign body
sensation.* In addition, other conditions may alter the lipid
layer tear film and lead to tear film evaporation, such as
blepharitis?® and contact lens (CL) wear.5’

Blepharitis is chronic eyelid inflammation based on
progressive bacterial biofilm maturation along the eyelid
margin.® Lipase activity by commensal eyelid bacteria may
disrupt meibum from meibomian glands, resulting in a de-
ficient outer protective lipid layer tear film.%!0 In addition,
the presence of Demodex folliculorum mites on the eyelid
margin is another known pathogenic risk factor for
blepharitis.!"12 A recent study by Akkucuk et al'® reported
that 75.5% of patients with blepharitis had Demodex folli-
culorum, which may be identified clinically by the patho-
gnomonic sign of collarettes at the eyelash base.!*15 As
blepharitis progresses, meibomian gland dropout and cica-
tricial eyelid changes can occur.'®!7

CL wear has also been associated with reduced lipid layer
thickness and tear stability,!8 leading to CL discomfort.!?-20
Some studies have suggested that patients with CL discomfort
have a higher prevalence of MGD.?!-23> Moreover, Alghamdi
et al** reported that CL wearers had poor meibum ex-
pressibility compared with non-CL wearers, leading to mei-
bomian gland obstruction. Therefore, healthy meibomian
gland morphology and secretion are crucial for successful
contact lens fitting.2>
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{ Identification of studies via databases and registers J
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Reports excluded:
Non-English (n = 2)
Cases series studies (n = 8)
- Lid debridement alone (n = 6)
- Lid debridement + MGX (n = 2)

FIGURE 1. Flowchart study selection process according to the PRISMA statement. MGX indicates meibomian glands expression; PRSIMA, Preferred

Reporting Items for Systematic Reviews and Meta-analyses.

To date, some published studies have evaluated the
efficacy of eyelid exfoliation treatment in DED,203!
blepharitis, 1028:30.31 and CL discomfort.1%2? However, to our
knowledge, no systematic reviews have explored the available
literature regarding clinical applications of eyelid exfoliation
treatment. Therefore, the purpose of this systematic review
was to evaluate whether MBE and LDS are safe and effective
treatment options for DED, blepharitis, and CL discomfort in
the available scientific literature.

METHODS

Data Sources and Search Strategy

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses.’233 We identified 77 articles published before De-
cember 6, 2022, through the following databases: PubMed
and Web of Science. The data search strategy with Boolean
operators was as follows: (lid debridement OR lid debride-
ment-scaling OR LDS OR blepharon exfoliation OR blephEx
OR blepharoexfoliation OR microblepharoexfoliation OR
MBE) AND (dry eye OR meibomian gland dysfunction OR
MGD OR blepharitis OR demodex blepharitis). The refer-
ences of the retrieved articles were reviewed to identify other
related studies if they met the inclusion criteria.

316 | https://journals.lww.com/apjoo

Study Selection

All those 77 articles identified through the search
strategy were considered and analyzed. Duplicate studies
were removed by DistillerSR software (DistillerSR Inc.).
The remaining studies underwent additional screening
stages, which included title screening, abstract screening,
and full-text screening. Studies unrelated to the topic were
excluded from the review during the title and abstract
screening. Full-text screening studies that did not include
eyelid exfoliation treatment were also excluded from the
review. These studies were reviewed by 2 investigators who
selected them according to the inclusion and exclusion
criteria.

The inclusion criteria were as follows: human studies, full-
length original articles, and prospective randomized con-
trolled studies. The exclusion criteria included non-English
publications and unindexed journals. There were no re-
strictions placed on the country, in which the study was per-
formed, the follow-up period, the sample size, or the results of
the studies.

Quality Assessment and Data Extraction

The data from each study were collected and summar-
ized independently in tables designed by 2 researchers. The
following information was obtained from each article: (1)
author and date of publication (year), (2) study design, (3)

© 2023 Asia-Pacific Academy of Ophthalmology.
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TABLE 1. Summary of Included Randomized Controlled Trials

Eyelid
Follow-Up  Patients Sex Exfoliation Clinical
Author (Date) Design  (months) (TGICG) Age* (TGICG) (FIM) Eyes Device Application Intervention Control Complications  Col
Korb et al! MC, RD, 1 28 (16/12) 54.8+%15 20/8 56 Golf club spud DED MBE + AT and AT and warm No discomfort  Yes
2013 CT, DM (55.9%15/ warm compresses compresses (n = 28)
53.7£15.0)
Ngo et al>2015 MC, RD, 1 13 (7/6) 60.21+9.5 13/0 26  Golf club spud DED MBE alone No intervention Minimal NR
CT, UM (58.£8.1/ discomfort
62.3+11.6) (n = 13)
Murphy et al> MC, RD, 1 86 (28/58) 41.8+16.2 NR 172 BlephEx Blepharitis MBE and 1,2- Terpinen-4-ol Or 1,2- NR No
2017 CT, MK (44.3£18.6/ Octanediol Octanediol
40.6 £ 15.0)
Siddireddy MC, RD, 0.25 30 (NR) 23 (18-41) (NR) 24/6 60 BlephEx CL discomfort MBE alone Hypoallergenic foam NR No
etal* 2019 CT, UM cleanser
Epstein et al> MC, RD, 2 46 (23/23) 73.3+£54 38/8 92 BlephEx Blepharitis MBE and MBE and Sham NR NR
2020 CT, DM (71.0£5.8/ Terpinen-4-ol scrubs
75.6 £5.0)
Siddireddy MC, RD, 0.25 30 (NR) 23 (18-41) (NR) 24/6 60 BlephEx Blepharitis CL MBE alone Hypoallergenic foam NR No
et al® 2020 CT, UM discomfort cleanser
Amir Arabi MC, RD, 2 81 (42/39) 53.5%8.1 46/35 162 BlephEx Blepharitis MBE and Sham MBE and Eyelid Irritation No
et al’ 2023 CT, UM (53.0£7.7/ Terpinen-4-ol Terpinen-4-ol n =2)
54.1%8.5)

AT indicates artificial tear; CG, control group; CL, contact lens; Col, conflict of interest; CT, controlled; DED, dry eye disease; DM, double-masked; MBE, microblepharoexfoliation; MC, monocentric; MK,

masked; NR, not reported; RD, randomized; TG, treatment group; UM, unmasked.

*Expressed as mean * SD or median (interquartile range).
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TABLE 2. Baseline, End Follow-Up and Differences (End Follow-Up — Baseline) Outcomes in the Treatment Group

CL
DED Blepharitis Discomfort
OSDI SPEED MGS MGYLS Microorganism Lipase CLDEQ-8
Author (Date) (0-100) (0-28) TBUT 0SS 0-4) (0-15) Load Activity 0-37)
Korb et al?6 (2013)
Baseline NR 13.4+4.6 NR NR 26+1.3 NR NR NR NR
End follow-up NR 10.5+3.8 NR NR 38x1.4 NR NR NR NR
Difference g.p — -2.9* — — 1.2* — — — —
Ngo et al?’ (2015)
Baseline 63.2+13.3 NR 31+0.8 6.6£29 1.0x12 0.0%0.0 NR NR NR
End follow-up  46.9+19.4 NR 3410 50%x39 31x1.7 06%1.0 NR NR NR
Difference g -16.3* — 0.3 -1.6* 2.1 0.6 — — —
Murphy et al®® (2018)
Baseline 30.1£19.8 NR NR NR NR NR 6.5 (1-25) NR NR
End follow-up  12.8+12.8 NR NR NR NR NR 2.7 (0-9) NR NR
Difference g -17.3* — — — — — -3.8*% — —
Siddireddy et al?® (2019)
Baseline NR NR 9.5%t1.0 NR NR NR NR NR 12.3
End follow-up NR NR 99+1.0 NR NR NR NR NR 9.7
Difference g_p — — 0.4* — — — — — -2.6*
Epstein et al®0 (2020)
Baseline 19.1£8.5 NR NR 09+03 1.5%£0.2 1.9£0.3 47+1.5 NR NR
End follow-up  15.1+8.9 NR NR 0703 1.6+02 22%0.3 26*+1.2 NR NR
Difference g.p -4.0 — — -0.2 0.1 0.3 -2.1% — —
Siddireddy et al'® (2020)
Baseline NR NR NR NR NR NR 129.2£16.5 50.5+4.7 12.3
End follow-up NR NR NR NR NR NR 87.5+13.7 26.5+8.7 9.6
Difference g.p — — — — — — -41,7* -24.0* =2.7%
Amir Arabi et al®' (2023)
Baseline 33.7£129 NR 74+24 NR NR NR 48+1.3 NR NR
End follow-up  22.6+8.2 NR 89+23 NR NR NR 26%1.1 NR NR
Difference g_g -11.1* — 0.4* — — — -2.2% — —
Mean+SD g gt —12.1%5.3 — 0705 -09+0.7 1.1+0.8 0.5+0.2 -12.5+16.9 — -2.6+0.1

The significance of bold values* is P <0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS,
meibomian gland yielding liquid secretion; NR, not reported; OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient

evaluation of eye dryness; TBUT, tear breakup time.
*Statistical significance level P <0.05.
tMean * SD g_p values of the Difference g for each variable.

mean follow-up of all patients in the whole procedure
(expressed in months), (4) number of patients, (5) mean age
of the patients (expressed in years), (6) patient sex (male/
female), (7) number of eyes involved, (8) eyelid exfoliation
device, (9) clinical application of eyelid exfoliation, (10)
study group intervention, (11) control group intervention,
(12) patient experience, and (13) conflicts of interest.
Regarding the results of the studies, the following data
were collected: (1) Ocular Surface Disease Index (OSDI,
values from 0 to 100)**; (2) Standard Patient Evaluation of
Eye Dryness Questionnaire (SPEED, values from 0 to 28)33;
(3) tear breakup time [TBUT, expressed in seconds]; (4)
ocular surface staining (OSS, assessed with Oxford grading
score or Sjogren’s International Collaborative Clinical Alli-
ance Ocular Staining Score)?®37; (5) meibomian gland se-
cretions (MGS, grading from 0 to 4, where grade 0 is no
expression, grade 1 is “ropy” meibum, grade 2 is turbid and
viscous oil appearance, grade 3 is turbid oil, and grade 4 is
normal meibum)3®; (6) meibomian glands yielding liquid
secretions (MGYLS; defined as the number of MGYLS,
values ranging from 0 to 15)3%; (7) microorganism load (re-
ported as Demodex folliculorum count or gram-positive
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cocci and rods recorded as colony-forming units per swab)
10.39. (8) lipase activity [defined as the clearance zones in the
tributyrin agar after overnight incubation, expressed in
millimeters]'% (9) Contact Lens Dry Eye Questionnaire-8
(CLDEQ-8, values ranging from 0 to 37)*°; and finally (10)
author’s opinion expressed by commenting in favor or
against of eyelid exfoliation treatment. Baseline and end-of-
follow-up values for all these variables were collected in the
treatment (7) and control (C) groups. Intragroup clinical
outcomes were defined as “end follow-up (E)—baseline (B)
differences”. Intergroup clinical outcomes were defined as
“T group (g_p—C group (gp) differences”. Mean * SD
(range) for each variable was calculated to report intragroup
and intergroup clinical outcomes.

The literature that remained after the full-text screening
was examined to assess the quality of the studies. To avoid the
risk of bias, 2 dependable authors created a synopsis based on
the Cochrane risk of bias tool,*! which includes the following
items: (1) random sequence generation, (2) allocation con-
cealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment, (5) incomplete outcome data,
(6) selective reporting, and (7) other sources of bias. A third

© 2023 Asia-Pacific Academy of Ophthalmology.
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TABLE 3. Baseline, End Follow-Up and Differences (End Follow-Up — Baseline) Outcomes in the Control Group

CL
DED Blepharitis Discomfort
OSDI SPEED MGS MGYLS  Microorganism Lipase CLDEQ-8
Author (Date) (0-100) (0-28) TBUT 0SS 0—4) (0-15) Load Activity 0-37)
Korb et al?6 (2013)
Baseline NR 13.9%+5.5 NR NR 2.7%x1.5 NR NR NR NR
End Follow-up NR 145+£7.5 NR NR 24+%1.1 NR NR NR NR
Difference g_g — 0.6 — — -0.3 — — — —
Ngo et al?’ (2015)
Baseline 58.3%£22.1 NR 29+1.5 7.0x45 13%15 0.3%+0.5 NR NR NR
End follow-up  48.3+£29.0 NR 28+1.7 8235 1.0£09 0.0£0.0 NR NR NR
Difference g -10.0 — -0.1 1.2 -0.3 -0.3 — — —
Murphy et al®® (2018)
Baseline 28.0+20.2 NR NR NR NR NR 4.3 [0-21] NR NR
End follow-up 149+16.2 NR NR NR NR NR 1.9 [0-8] NR NR
Difference g_g -13.1* — — — — — -2.4* — —
Siddireddy et al?® (2019)
Baseline NR NR 9.5£1.0 NR NR NR NR NR 12.3
End follow-up NR NR 9.7£0.2 NR NR NR NR NR 11.8
Difference g — — 0.2* — — — — — -0.5
Epstein et al®0 (2020)
Baseline 16.9£79 NR NR 0.6£0.2 1.6+02 21103 5114 NR NR
End follow-up 17.2£8.5 NR NR 0.3£03 20+02 21102 2.5%+0.9 NR NR
Difference g_g 0.3 — — -0.3 0.4* 0.0 -2.6* — —
Siddireddy et al'® (2020)
Baseline NR NR NR NR NR NR 129.3%16.5 50.5+4.7 12.3
End follow-up NR NR NR NR NR NR 99.0%5.5 43.2+10.3 11.8
Difference g.p — — — — — — -30.3 -7.3 -0.5
Amir Arabi et al’! (2023)
Baseline 329+10.6 NR 83129 NR NR NR 48%1.6 NR NR
End follow-up  27.1£9.1 NR 9.1£2.7 NR NR NR 3.0+1.2 NR NR
Difference g.g -5.8*% — 0.8* — — — -1.8% — —
Mean+SD gg"  —7.2%5.0 — 03+04 05+0.8 -0.1£03 -0.2+0.2 -9.4+12.5 — -0.5+0.0

The significance of bold values* is P <0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS,
meibomian gland yielding liquid secretion; NR, not reported; OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient

evaluation of eye dryness; TBUT, tear breakup time.
*Statistical significance level P <0.05.
tMean * SD gp values of the Difference g for each variable.

nonblinded assessor decided the quality of the studies when
disagreements occurred between the 2 assessors. This assess-
ment did not determine the exclusion of any study.

RESULTS

Study Characteristics

The study selection process of this systematic review is
presented with a flowchart diagram in Figure 1. The design of
the included studies was prospective randomized controlled
trials published between 2013 and 2023. This systematic
review included 628 eyes from 314 patients with a mean age of
47.1 % 16.1 years. The sex distribution was 165 females
(72.3%) and 63 males (27.7%). One study did not report sex
distribution.?® Patient follow-up, expressed in months, ranged
from 0.25 months!%2? to 2 months,3%3! with a mean follow-up
of 1.1 * 0.6 months. Regarding the eyelid exfoliation device,
2 studies used the stainless-steel golf club spud?62’7 and 5
studies utilized the BlephEx instrument.!%28-31 Concerning

© 2023 Asia-Pacific Academy of Ophthalmology.

clinical applications of eyelid exfoliation treatment, 2 stu
dies used this treatment for DED,26-*7 4 studies for
blepharitis,!*28:3031 and 2 studies for CL discomfort.!%%°
Regarding study group intervention, 2 studies performed
eyelid exfoliation treatment alone,?”-?® whereas 5 studies
performed eyelid exfoliation treatment combined with
antimicrobial lid scrubs composed of terpinen-4-0130-3!
and 1,2-octanediol®® or warm compresses.?® Different
interventions were used in the control group, such as warm
compresses,2® terpinen-4-0l,28 1,2-octanediol,”®® LidHygenix
(Optimed Ltd.),'%2 eyelid exfoliation treatment combined
with sham lid scrubs,3® sham eyelid exfoliation treatment
combined with terpinen-4-ol,3' and no intervention.?” One
study had conflicts of interest among the authors.2® More
detailed study characteristics are presented in Table 1.

Outcomes

Regarding eyelid exfoliation treatment in DED, 5 studies
reported symptom outcomes,?®28:30:31 of which 4 studies used
the OSDI questionnaire?’-2830-31 and 1 study used the
SPEED questionnaire.2® Five studies also reported sign
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TABLE 4. Intergroup Differences [(Treatment Group ) — (Control Group ¢.g)] Outcomes

DED Blepharitis CL Discomfort

Author (Date) OSDI (0-100) SPEED (0-28) TBUT (s) 0SS MGS (4) MGYLS (0-15) Microorganism Load  Lipase Activity = CLDEQ-8 (0-37) FiA
Korb et al?® (2013)

T difference g.p NR —2.9% NR NR 1.2* NR NR NR NR F

C difference g.p NR 0.6 NR NR -0.3 NR NR NR NR —

Difference 1.c — -3.5 — — 1.5 — — — — —
Ngo et al?’ (2015)

T difference g.p -16.3% NR 0.3 -1.6% 2.1% 0.6 NR NR NR F

C difference g -10.0 NR -0.1 1.2 -0.3 -0.3 NR NR NR —

Difference t_c -6.3 — 0.4 -2.8 24 0.9 — — — —
Murphy et al?® (2018)

T difference g.p —17.3* NR NR NR NR NR —3.8* NR NR F

C difference g5 —13.1* NR NR NR NR NR —2.4% NR NR —

Difference t_c —4.2 — — — — — -1.4 — — —
Siddireddy et al® (2019)

T difference g.p NR NR 0.4* NR NR NR NR NR -2.6% F

C difference g.p NR NR 0.2* NR NR NR NR NR -0.5 —

Difference t_c — — 0.2 — — — — — -2.1 —
Epstein et al?? (2020)

T difference g.p -4.0 NR NR -0.2 0.1 0.3 =2.1* NR NR F

C difference g 0.3 NR NR -0.3 0.4 0.0 -2.6* NR NR —

Difference t_c —4.3 — — 0.1 -0.3 0.3 0.4 — — —
Siddireddy et all® (2020)

T difference g.p NR NR NR NR NR NR —41,7* —24.0% =2.7% F

C difference g NR NR NR NR NR NR -30.3 -7.3 -0.5 —

Difference t.c — — — — — — -114 -16.7 -2.2 —
Amir Arabi et al’! (2023)

T difference g.p —11.1* NR 1.5% NR NR NR —2.2% NR NR F

C difference g -5.8% NR 0.8* NR NR NR —1.8% NR NR —

Difference 1.c 5.3 — 0.7 — — — -0.4 — — —

The significance of bold values* is P <0.05.

CL indicates contact lens; CLDEQ-8, Contact Lens Dry Eye Questionnaire-8; DED, dry eye disease; MGS, meibomian gland secretion; MGYLS, meibomian gland yielding liquid secretion; NR, not reported;

OSDI, Ocular Surface Disease Index; OSS, ocular staining score; SPEED, standard patient evaluation of eye dryness; TBUT, tear breakup time.

F/A = authors opinion expressed by commenting in favor or against of eyelid exfoliation treatment.

*Statistical significance level P < 0.05.
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D1: Randem sequence generation

Judgement
D2: Allocation concealment

D3: Blinding of participants and personnel . High
D4: Blinding of outcome assessment 2 Unclear
D5: Incomplete outcome data

D6: Selective reporting . Low

D7: Cther sources of bias

FIGURE 2. Risk of bias summary of the included studies with traffic light
plot. The traffic lights represent the author’s risk of bias judgment in
each domain used to assess the quality of the studies. D indicates
domain; RCTs, randomized controlled trials.

outcomes, 20272931 of which 3 studies evaluated TBUTZ27:29:31
and MGS?627-30 and 2 studies assessed OSS and MGYLS.?”-3°
Concerning eyelid exfoliation treatment in blepharitis, 4
studies evaluated microorganism load!%-28:30:31 and 1 study
assessed lipase activity.!® Regarding eyelid exfoliation treat-
ment in CL discomfort, 2 studies evaluated CL wearer’s dis-
comfort with the CLDEQ-8.10-2%

Intergroup clinical outcomes are presented in Tables 2
and 3. Regarding the treatment group, most of the outcomes
achieved an improvement, with a mean OSDI questionnaire
score of —12.1 * 5.3 (-17.3 to —4.0) points, mean TBUT of
0.7 £ 0.5 (0.3 to 0.4) seconds, mean OSS of 0.9+ 0.7 (-1.6
to —0.2) points, mean MGS of 1.1 * 0.8 (0.1 to 2.1) points,
mean microorganism load of —12.5 £ 16.9 (-41.7 to -2.1)
points, and mean CLDEQ-8 of -2.6 £ 0.1 (-2.7 to -2.6)
points. The SPEED questionnaire and lipase activity also
achieved an improvement of —2.9 points and -24.0 mm,
respectively. MGYLS remained almost unchanged with a
mean value of 0.5 = 0.2 (0.3 to 0.6) points. Regarding the
control group, most of the outcomes also achieved an
improvement, with a mean OSDI questionnaire value of —
7.2 + 5.0 (-13.1 to 0.3) points, mean TBUT value of 0.3 £
0.4 (0.1 to 0.8) seconds, mean OSS 0.5 = 0.8 (0.3 to 1.2)
points, microorganism load of -9.4 = 12.5 (-30.3 to —1.8)
points, and CLDEQ-8 -0.5 = 0.0 (-0.5 to —0.5) points. The
lipase activity also showed an improvement of —7.3 mm,

Random sequence generation

whereas the SPEED questionnaire remained almost
unchanged with a value of 0.6 points. MGS and MGYLS
also remained almost unchanged with a mean value of -0.1 *
0.3 (-0.3 to 0.4) points and —0.2 * 0.2 (0.3 to 0.0) points,
respectively.

Intergroup clinical outcomes are presented in Table 4.
Regarding eyelid exfoliation treatment in DED, blepharitis,
and CL discomfort, all outcomes were in favor of the
treatment group, with a mean OSDI questionnaire score of
-5.0 £ 0.9 (-6.3 to —4.2) points, mean TBUT of 0.43 = 0.2
(0.2 to 0.7) seconds, mean OSS of —-1.4 + 1.5 (-2.8 to 0.1)
points, mean MGS of 1.2 £ 1.1 (0.3 to 2.4) points, mean
MGYLS of 0.6 £ 0.3 (0.3 to 0.9) points, mean microorganism
load of -3.2 + 4.7 (-11.4 to 0.4) points, and mean CLDEQ-8
of -2.15 * 0.1 (2.2 to -2.1) points. The SPEED
questionnaire and lipase activity achieved a treatment group
improvement of —3.5 points and —16.7 mm compared with the
control group, respectively. Regarding complications,
1 study reported no complications after an eyelid exfliation
treatment.2?® However, 2 studies reported nonsevere
complications after an eyelid exfoliation treatment, which
include minimal discomfort (n = 13)?7 and eyelid irritation
(n = 2)3!

Risk of Bias

The risk of bias summary of the included studies is pre-
sented in Figure 2. Risk of bias assessment was classified into
3 evidence level groups: (1) studies with a low risk of bias
(Korb and Blackie,?® Murphy et al.,?® Epstein et al,>® and
Amir et al?'), (2) studies with an unclear risk of bias (Ngo
et al?” and Siddireddy et al*’) and (3) studies with a high risk
of bias (Siddireddy et al'®). The overall risk of bias summary
of the domains used in each study is presented in Figure 3. The
items used to assess the risk of bias showed an overall low risk
of bias, which was > 50%. The Robvis tool (NIHR) was used
to create the risk of bias assessment figures.*?

DISCUSSION
Tear film evaporation is considered the trigger for the
ocular surface inflammatory mechanisms that lead to the signs
and symptoms of dry eye.2 For this reason, new treatment
options have been designed to improve the lipid layer tear
film, thus reducing the tear evaporation ratio.*>** Eyelid ex-
foliation treatments are designed to improve eyelash health

Allocation concealment

Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data

Selective reporting

Other sources of bias

Overall

25%

50% 75% 100%

B High [ unclear [ Low

FIGURE 3. Overall risk of bias summary of the domains with bar plot. Bars represent the overall author’s risk of bias judgment in each domain presented

as percentages.

© 2023 Asia-Pacific Academy of Ophthalmology.
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and meibomian gland expressibility, which is responsible for a
healthy lipid layer tear film. This systematic review aimed to
report the effects of eyelid exfoliation treatment in conditions
that cause tear film evaporation, such as DED, blepharitis,
and CL discomfort.

Eyelid Exfoliation Treatment in Dry Eye Disease

Although there are different questionnaires to assess dry
eye symptoms, the OSDI questionnaire is the most widely
used for DED studies.* Ngo et al,2” Murphy et al,2® and
Amir et al’! reported a treatment group OSDI questionnaire
improvement of —6.3, —4.2, and —5.3 points compared with the
control group, respectively. Murphy et al?® and Amir et al’!
also reported a significant OSDI questionnaire improvement
in the control group, which may be because both control
groups were treated with eyelid hygiene. Some studies have
reported the benefits of eyelid hygiene in dry eye
symptoms.*®#7 Murphy et al* reported a nonsignificant OS-
DI questionnaire improvement of —5.5 and —6.5 points after
eyelid hygiene treatment with 1,2-octanediol and terpinen-4-ol
lid scrubs, respectively. Moreover, Arici et al*’ obtained a
significant symptom improvement of 10.1 points with terpi-
nen-4-ol lid scrubs. Score differences between both studies
may have been because they used different questionnaires to
assess dry eye symptoms. Arici et al*’ used the blepharitis
symptoms (BLISS) questionnaire, whereas Murphy et al*®
used the OSDI questionnaire. In addition, Arici et al*’ in-
cluded 24 patients in the terpinen-4-ol group, whereas Murphy
et al*® included 12 and 13 patients in the 1,2-octanediol and
terpinen-4-ol groups, respectively. Sample size differences may
explain the statistical results obtained in both studies. Epstein
et al®0 also reported a treatment group OSDI questionnaire
improvement of —4.3 points compared with the control group.
However, they obtained a nonsignificant OSDI questionnaire
improvement in the treatment group, which may also be ex-
plained by the smaller sample size reported. In addition, it is
important to consider that Ngo et al?’ reported a significant
treatment group OSDI questionnaire improvement with a
smaller sample size than Epstein et al>? However, these studies
are not comparable since both treatment groups received
eyelid exfoliation treatment with different devices. Korb and
Blackie?® is the only study that assessed DED symptoms with
the SPEED questionnaire, and they reported a treatment
group SPEED questionnaire improvement of -3.5 points
compared with the control group.

Tear film stability and damage to the ocular surface are
recommended by the Tear Film and Ocular Surface Society
Dry Eye Workshop II for DED diagnosis.* Tear film stability
was evaluated by TBUT. Ngo et al,?? Siddireddy et al,? and
Amir et al®! reported a treatment group TBUT improvement
of 0.4, 0.2, and 0.7 seconds compared with the control group,
respectively. Siddireddy et al** and Amir et al®! also reported
significant TBUT improvements in the control groups. This
may be because both control groups received eyelid hygiene as
an intervention. Moreover, Arici et al*’ reported significant
TBUT improvement with terpinen-4-ol lid scrubs after
8 weeks of treatment. Ngo et al?’ reported the lowest
noninvasive break-up time (NIBUT) improvement in the
treatment group. This may be because they included patients
with Sjogren syndrome, who have higher DED and MGD
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severity.2 Damage to the ocular surface was assessed by the
0OSS. Ngo et al?’ reported that eyelid exfoliation treatment
alone achieved a treatment group OSS improvement of 2.8
points compared with the control group. However, Epstein
et al’® reported a similar OSS improvement in both groups.
This result may have been due to the treatment and control
groups receiving eyelid exfoliation treatment, obtaining non-
significant OSS improvements of 0.2 and 0.3 points, re-
spectively. In addition, score differences between both studies
may be explained because Ngo et al?’ assessed OSS with
Sjogren’s International Collaborative Clinical Alliance Ocular
Staining Score, whereas Epstein et al’® used the Oxford
grading score. Therefore, the OSS results are not comparable.

Meibum quantity and quality are recommended by the
international workshop on MGD.3® Meibum quantity was
evaluated with MGS. Korb and Blackie?® and Ngo et al?’
reported that the eyelid exfoliation treatment group obtained
an MGS improvement of 1.5 and 2.4 points compared with
the control group, respectively. However, Epstein et al*0 re-
ported an MGS improvement of 0.1 and 0.4 in the treatment
and control groups, respectively. This result may be because
both groups received eyelid exfoliation treatment. Score dif-
ferences between the aforementioned studies may be because
Korb and Blackie*® and Ngo et al?’ performed LDS, whereas
Epstein et al’? performed MBE. Meibum quality was assessed
with MGYLS. Ngo et al?’ and Epstein et al’” reported that
MGYLS remained unchanged in both groups, which suggests
that eyelid exfoliation treatment increases the quantity of
meibum expressed without improving the quality of meibum.
This is in accordance with the mechanism behind eyelid ex-
foliation treatment, which allows the removal of the epithelial
keratinization and debris accumulated in the eyelid margin
that prevents the delivery of meibum onto the ocular
surface.?® An increased quantity of meibum expression im-
proves the lipid layer tear film, resulting in a better TBUT
and, therefore, lower DED symptoms.

Eyelid Exfoliation Treatment in Blepharitis
Approximately 42% of patients attending eye care prac-
titioners have been diagnosed with blepharitis;* therefore, it is
a common eye condition.* However, blepharitis is often in-
sufficiently treated,” leading to a high risk of anxiety and
depression due to the eyelid appearance and ocular symptoms,
which may affect the patient’s social life.’® Some studies have
reported that eyelid hygiene is an effective treatment for
blepharitis,>'-2 but this treatment is only limited to eyelash
cleaning. Murphy et al?® and Amir et al’! reported that eyelid
exfoliation treatment combined with eyelid hygiene achieved
reductions in Demodex folliculorum of —1.4 and —0.4 points
compared with eyelid hygiene alone, respectively. However,
Epstein et al*? reported a similar Demodex folliculorum count
improvement in both groups. This result may be due to the
treatment and control groups receiving eyelid exfoliation
treatment and eyelid hygiene as interventions, obtaining sim-
ilarly significant reductions in Demodex folliculorum counts
of —2.1 and 2.6 points, respectively. Siddireddy et al'” re-
ported a treatment group microorganism load improvement
of —11.4 points compared with the control group. Score dif-
ferences between the aforementioned studies are due to the
type of microorganism load analyzed. Siddireddy et al'® an-

© 2023 Asia-Pacific Academy of Ophthalmology.
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alyzed gram-positive cocci and bacilli recorded as colony-
forming units per swab, whereas Murphy et al,?® Epstein
et al*® and Amir et al®' analyzed the count of Demodex
folliculorum present on patient eyelashes as examined by
microscopy. Siddireddy et all® also reported lipase activity,
obtaining a treatment group lipase activity improvement of —
16.7 mm compared with the control group. In addition, Wong
et al>? reported that lipase activity remained unchanged after
terpinen-4-ol lid scrub treatment for blepharitis. All these re-
sults suggest that eyelid exfoliation treatment combined with
eyelid hygiene is more effective than eyelid hygiene alone.
Eyelid exfoliation treatment also cleans the eyelashes but
more efficiently than the lid scrubs used for eyelid hygiene.3!
In addition, eyelid exfoliation treatment is able to remove the
microorganism load present on the eyelid margin, reducing
the lipase activity that saponifies the meibum and inflames the
meibomian glands.?!

Eyelid Exfoliation Treatment in Contact Lens
Discomfort

CL discomfort is one of the main reasons for CL wear
discontinuation.®® There are different risk factors for CL
discomfort, of which DED is the most common cause.’” In
addition, some studies have reported that CL wear is asso-
ciated with higher MGD prevalence,?!=2? resulting in reduced
lipid layer thickness and tear stability,’ increasing the proba-
bility of experiencing CL discomfort.!”2% Siddireddy et al
2019% and 2020'° reported that eyelid exfoliation alone ob-
tained CLDEQ-8 improvements of —2.1 and —2.2 points, re-
spectively, compared with hypoallergenic eyelid cleansing
foam. Some studies have suggested that eyelid hygiene reduces
CL discomfort in MGD patients.’® However, this treatment is
only effective in certain grades of MGD.?° These results
suggest that eyelid exfoliation treatment is more effective than
eyelid hygiene for CL discomfort management. This may be
due to the fact that eyelid exfoliation treatment cleans the
eyelid margin, removing the meibomian gland capping, which
improves their expressibility. Increasing meibum secretion
volume leads to a better lipid layer tear film, which reduces the
tear evaporation ratio and therefore discomfort symptoms in
CL wearers.

Complications

Murphy et al,?® Siddireddy et al,'%? and Epstein et al*°
did not report whether the patients experienced any compli-
cations after an eyelid exfoliation treatment. Korb and
Blackie?® and Ngo et al?’ reported that 28 patients experi-
enced no discomfort and 13 patients had minimal discomfort
after LDS treatment, respectively. However, Amir et al’! re-
ported 2 cases of eyelid margin irritation after eyelid exfolia-
tion treatment with the BlephEx instrument. This device
performed eyelid exfoliation with a medical-grade micro-
sponge; thus it is common for patients to not experience sig-
nificant complications after this treatment. In addition,
nonsevere complications were reported in the articles included
in this systematic review.

Strengths and Limitations

All studies included in this systematic review are
randomized controlled studies with an overall low risk of
bias. The main limitation of our review is the heterogeneity

© 2023 Asia-Pacific Academy of Ophthalmology.

of the treatment and control group interventions, which
complicates comparisons between the included studies. In
addition, Korb and Blackie?® and Ngo et al?’ performed
eyelid exfoliation treatment with a stainless-steel golf club
spud, whereas Murphy et al,2® Siddireddy et al,!0-2% Epstein
et al,3Y and Amir et al’! used the BlephEx instrument; thus
the methodologies of all studies were not remarkably sim-
ilar. The short follow-up period is also a limitation that may
have influenced the results reported by the included studies.
Another limitation is that Ngo et al?’ and Siddireddy
et all%2? were the only studies that analyzed the efficacy and
safety of eyelid exfoliation treatment alone. Therefore,
larger, well-designed, strictly blinded, multicenter random-
ized controlled studies with extensive follow-up are needed
to determine the safety and efficacy of eyelid exfoliation
treatment alone versus eyelid exfoliation treatment com-
bined with other treatments, such as intense pulse light or
meibomian gland expression, and their duration over time.

CONCLUSIONS

This systematic review demonstrated that eyelid exfolia-
tion treatment achieves better results than eyelid hygiene, re-
porting minimal complications. Concretely, LDS and MBE
are effective and safe treatments that should be recommended
as a treatment option for DED, whereas MBE should be
recommended for blepharitis and CL discomfort. LDS and
MBE decrease DED symptoms and increase TBUT. How-
ever, there is insufficient evidence to suggest that LDS and
MBE improve OSS. In addition, LDS seems to achieve better
meibomian gland expressibility than MBE, and a decrease in
microorganism load, lipase activity, and CL discomfort has
been reported after MBE. Therefore, combining both eyelid
exfoliation treatments should be considered when blepharitis
and MGD coexist.
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IV.2. Intense Pulse Light Combined with Low-Level Light Therapy in Dry Eye
Disease: A Systematic Review
Este estudio tuvo como objetivo determinar la seguridad y eficacia de las terapias con luz en
el DED. Esta revision sistematica se realizo mediante la declaracion PRISMA.117 La estrategia
de biisqueda se realiz6 en 2 gestores bibliograficos, PubMed y Scopus, introduciendo con
operadores booleanos las siguientes palabras claves: (dry eye disease OR dry eye OR DED
OR aqueous-deficient dry eye OR ADDE OR meibomian gland dysfunction OR MGD OR
evaporative dry eye OR EDE) AND (intense pulse light OR intense pulse light therapy OR
IPL OR low-level light therapy OR LLLT OR near-infrared light OR NIL OR infrared
radiation). Después del proceso de cribado, Un total de 6 series de casos fueron incluidos en
esta revision sistematica. En cuanto al riesgo de sesgo, las series de casos fue evaluadas
mediante la herramienta de evaluacion de la calidad de los estudios de series de casos del

Instituto Nacional del Corazén, los Pulmones y la Sangre (NHLBI, por sus siglas en inglés).119

La sintesis de los datos mostré que las terapias con luz lograron descensos en la puntuaciéon
del cuestionario OSDI y el grado de MGD (MGD grade, por sus siglas en inglés), ademéas de
aumentos en NIBUT, el grosor de la capa lipidica (LLT, por sus siglas en inglés) y el area de
pérdida de las glandulas de Meibomio (LAMG, por sus siglas en inglés). Sin embargo, TMH
y ST permanecieron invariables, mientras que OSM y CFS, obtuvieron resultados
contradictorios. En cuanto a los AEs, no se reporté ninguno tras la aplicacion de las terapias

con luz.

En conclusién, las terapias con luz parecen mejorar la calidad del meibum liberado,
reduciendo los sintomas y signos del DED sin AEs aparentes, por lo que es un tratamiento
seguro y eficaz que deberia ser recomendado para el DED asociada a la MGD. Sin embargo,
todavia no hay suficiente evidencia cientifica que sugiera que este método de tratamiento sea

capaz de mejorar TMH y ST.
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IV.3. Efficacy of Meibomian Gland Expression combined with Home-Based
Therapy in the Management of Dry Eye Disease: A Systematic Review with Meta-
Analysis
Este estudio tuvo como objetivo determinar la seguridad y eficacia del tratamiento de MGX
combinado con terapia domiciliaria en el DED asociado a la MGD. Para ello, se realiz6 una
revision sistematica con metaanalisis mediante la declaracién PRISMA.117 La estrategia de
bisqueda se realizdé en 2 gestores bibliograficos, PubMed y Scopus, introduciendo con
operadores booleanos las siguientes palabras claves: (meibomian gland expression OR MGX)
AND (dry eye disease OR DED OR meibomian gland dysfunction OR MGD) NOT (intense
pulse light OR IPL). Después del proceso de cribado, un total de 2 RCTs, fueron incluidos en
esta revision sistematica. En cuanto al riesgo de sesgo, los RCTs fueron evaluados mediante

la herramienta Cochrane.118

La sintesis de los datos indic6 que la MGX combinada con terapia domiciliaria obtuvo
resultados superiores en comparacion con la terapia domiciliaria, que se bas6 principalmente
en la combinacion de higiene palpebral, lagrimas artificiales y compresas calientes. Las
variables a favor de este tratamiento combinado fueron las siguientes: cuestionarios OSDI y
DEQ-5, FBUT, CFS y MGS. Sin embargo, el metaanalisis indic6 que ese tratamiento
combinado solo parecer ser beneficioso en la reduccién de los sintomas del DED (P = 0,02)
con una diferencia media estandarizada (SMD, por sus siglas en inglés) de -0,49 y un
intervalo de confianza (CI, por sus siglas en inglés) de -0,89 a -0,08. Ademas, aunque FBUT
(P = 0,05), CFS (P = 0,76) y MGS (P = 0,15) mostraron una ligera tendencia a favor del
tratamiento de MGX, ésta no fue estadisiticamente significativa. En cuanto a la seguridad de

este tratamiento, no fue evaluada por lo estudios incluidos en esta revision.

En conclusion, la MGX combinada con terapia domiciliaria parece ser un tratamiento eficaz
para reducir los sintomas de los pacientes con el DED asociado a la MGD. Sin embargo,
parece que atin no hay evidencias suficientes que sugieran que esta opcidon de tratamiento sea

segura y efectiva para reducir los signos del DED, como FBUT, MGS y la CFS.
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Purpose: To compare the effectiveness of meibomian gland expression (MGX) combined with home-based therapy
versus home-based therapy alone for the treatment of dry eye disease (DED) caused by meibomian gland
dysfunction (MGD).

Methods: A systematic review of randomized controlled studies (RCTs), reporting the effects of MGX combined
with home-based therapy in 2 databases, PubMed and Web of Science, was performed according to the PRISMA
statement. The search period was until August 20, 2023. According to the heterogeneity, a random or fixed
effects model was performed in the meta-analysis. The standardized mean difference (SMD) was calculated to
analyze dry eye symptoms (DES) score, tear film break-up time (TBUT), total corneal fluorescein staining (tCFS)
and meibomian glands expressibility (MGE). All analyses were performed by RevMan Web, version 5.7. The
Cochrane risk of bias tool was used to analyze the quality of the studies selected.

Results: Two RCTs with a total of 99 patients were included. The studies reported that MGX combined with home-
based therapy improves DES score, TBUT, tCFS and MGE compared to the home-based therapy. However, the
meta-analysis indicated that MGX combined with home-based therapy only seems to be beneficial in reducing
DES score (SMD —0.49; 95 % CI: —0.89 to —0.08; P = 0.02; ?=0%).In addition, although TBUT, tCFS and MGE
reported a slight trend in favor of MGX combined with home-based therapy, it was non-significant.
Conclusions: While MGX combined with home-based therapy seem to show some evidence of alleviating dry eye
symptoms, there is insufficient evidence to conclude the effects of this treatment definitively particularly in
improving dry eye signs caused by MGD, such as TBUT, tCFS and MGE. Therefore, further RCTs are needed to
elucidate these results.

1. Introduction

Dry eye disease (DED) is a chronic, multifactorial and inflammatory
disease of the ocular surface that affects up to 30 % of adults over the age
of 50, is more frequent in women and its prevalence increase with age
[1,2]. DED is characterized by an unstable and deficient tear film, which
results in tear film hyperosmolarity, ocular surface inflammation and

damage, and neurosensory abnormalities [1,3]. Therefore, DED may
have a significant impact on the visual function quality of life of affected
individuals [4,5] being a leading cause of visits to eye care professionals
worldwide [6].

Presently, evidence suggests that all forms of DED have an evapo-
rative component because without evaporation, hyperosmolarity cannot
occur [3,7]. Meibomian gland dysfunction (MGD) is the most common
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etiology of tear film evaporation [3,8], and it is defined as a chronic,
diffuse abnormality of the meibomian glands, commonly characterized
by terminal duct obstruction and /or changes in meibum quality and
quantity [8]. The conventional treatment of MGD consists of home-
based therapy [9], which may be based on warm compress [10,11],
eyelid hygiene [12,13], tear substitutes [14-16], topical or systemic
medications [17-20] and dietary management [21]. However, these
treatments have limitations, and many patients continue to experience
symptoms despite treatment [9]. Therefore, other treatments targeting
specific mechanism involved in the pathogenesis of MGD are needed
[22]. Meibomian gland expression (MGX) is an in-office treatment that
consist of applying pressure to the eyelids to squeeze out the meibum
from meibomian glands, preventing their obstruction that could lead to
meibomian gland dropout and atrophy [23,24]. This treatment, which is
usually performed with a collins expressor forceps, has demonstrated to
be an useful therapeutic option in the treatment of MGD [23,24] and is a
relatively cost-effective therapeutic option compared to home-based
therapies [23]. Currently, MGX treatment is often combined with
intense pulse light (IPL), a novel treatment that has been shown to be
safe and effective for DED caused by MGD [25-29]. The main mecha-
nism of action of IPL is thermal [30,31]. IPL energy absorbed by he-
moglobin causes thrombosis of abnormal blood vessels, which reduces
the concentration of inflammatory mediators in the eyelid and meibo-
mian glands, thus preventing their dysfunction and improving meibum
flow [31,32].

To date, meta-analyses of comprehensive and systematic evaluations
have only assessed the efficacy of combined IPL-MGX treatment, using
MGX as a comparator [33-37]. In addition, these studies provided
limited information on home-based therapy [33-37]. Therefore, the
objective of this systematic review with meta-analysis is to evaluate the
effectiveness of MGX combined with home-based therapy compared to
home-based therapy alone for DED caused by MGD. Through this re-
view, a comprehensive overview of the current evidence on MGX and
home-based therapy is provided, enabling evidence-based decision
making and guiding future research directions.

2. Methods
2.1. Data sources and search strategy

This systematic review with meta-analysis (PROSPERO ID:
CRD42023455585) was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [38,39]. We
identified 618 articles published before August 20, 2023, through the
following databases: PubMed and Web of science. The data search
strategy with Boolean operators was as follows: (meibomian gland
expression OR MGX) AND (dry eye disease OR DED OR meibomian
gland dysfunction OR MGD) NOT (intense pulse light OR IPL). The
references of the retrieved articles were reviewed to identify other
related studies if they met the inclusion criteria.

2.2. Study selection

All those 618 articles identified through the search strategy were
considered and analyzed. Duplicate studies were removed by DistillerSR
software (DistillerSR Inc., Ottawa, Canada) [40]. The remaining studies
underwent additional screening stages, which included title screening,
abstract screening, and full-text screening. Studies unrelated to the topic
were excluded from the review during title and abstract screening. The
screening of the full-text studies was performed by two investigators
(ABS and JMSG), who selected them according to the inclusion and
exclusion criteria. The inclusion criteria were as follows: full-length
prospective, randomized, controlled studies (RCTs) in humans report-
ing MGX combined with home-based therapy, using home-based ther-
apy as a comparator. The exclusion criteria included non-English
publications, unindexed journals and studies where participants were
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assigned with any other complementary treatments to MGX, except
home-base therapy, which is considered the conventional treatment for
DED caused by MGD [9] and is based on warm compress [10,11], eyelid
hygiene [12,13], tear substitutes [14-16], topical or systemic medica-
tions [17-20] and dietary management [21]. There were no restrictions
placed on the country in which the study was performed, the follow-up
period, the sample size or results of the studies.

2.3. Quality assessment and data extraction

The data from each study were collected and summarized indepen-
dently in tables designed by two researchers (ABS and BGM). The
following information was obtained from each article: (1) author and
date of publication (year); (2) study design; (3) mean follow-up of all
patients in the whole procedure (expressed in months); (4) number of
patients; (5) mean age of the patients (expressed in years); (6) patient
sex (male/female), (7) number of eyes involved; (8) inclusion criteria of
the studies; (9) study group intervention; (10) control group interven-
tion and (11) conflicts of interest. Regarding the results of the studies,
the following date were collected according to the Tear film and Ocular
Surface (TFOS) Dry Eye workshop (DEWS) II for DED diagnosis [41]: (1)
dry eye symptoms (DES) score (2) tear film break-up time (TBUT) with
fluorescein; (3) total corneal fluorescein staining (tCFS) and (4) mei-
bomian gland expressibility (MGE).

The literature that remained after full-text screening was examined
to assess the quality of the studies. To avoid the risk of bias, two
dependable authors (ABS and BGM) created a synopsis based on the
Cochrane risk of bias tool [42], which includes the following items: (1)
random sequence generation, (2) allocation concealment, (3) masking of
participants and personnel, (4) masking of outcome assessment, (5)
incomplete outcome data, (6) selective reporting and (7) other sources
of bias. A third non-masked assessor (MCSG) decided the quality of the
studies when disagreements occurred between the two assessors.

2.4. Data synthesis and analysis

Regarding the results of the studies, intra-group and inter-group
outcomes were reported, indicating whether they were statistically
significant or not according to the statistical analysis performed by the
authors of each study. Intra-group outcomes were reported as “Last visit
(LV) — Baselines (B) differences”, while inter-group outcomes were re-
ported as “MGX group v-p) — Control group v-p) differences”. In
addition, a meta-analysis was performed to synthesize the inter-group
outcomes of the studies included in this systematic review using the
Review Manager Web (RevMan web), version 5.7 (The Cochrane
Collaboration, Oxford, UK) [43]. During the analysis, if there are
different data measurement methods among the studies, standardized
mean differences (SMD) were calculated to analyze the continuous pa-
rameters of DES score, TBUT, tCFS and MGE [44]. SMD is a measure of
the size of the intervention effect in each study with respect to the
variability within the study, which allows to analyze the results on a
uniform scale [44]. On the other hand, if there are no different data
measurement methods among the studies, the mean difference (MD) was
calculated [44]. The absolute value was interpreted together with the P
value and 95 % confidence intervals (CI) presented on forest plots. P <
0.05 was considered statistically significant. Heterogeneity of the
included studies was analyzed together with the Cochrane Q-statistics
chi-square (chi®) test and I-square 2 test, which was graded as low
(<25 %), moderate (25 % — 50 %) and high (>50 %) [45]. If there was
any significant heterogeneity between studies (I test > 50 % or chi? test
with a P < 0.1) a random effects model was performed to pool the data,
otherwise a fixed effects model was conducted [46]. In addition, a
sensitivity analysis was conducted to evaluate reliability for studies that
were not regarded as having high risk of bias in any of the domains [47].
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3. Results
3.1. Study characteristics

The study selection process of this systematic review is presented
with a flowchart diagram in Fig. 1. This systematic review included 2
RCTs published between 2019 and 2021 involving 99 eyes from 99
patients with a mean age of 61.8 + 12.5 years. The sex distribution was
42 females (42.6 %) and 57 males (57.6 %). Patient follow-up, expressed
in months, ranged from 1 month to 2 months, with a mean follow-up of
1.5 £+ 0.5 months. Regarding study group intervention, all studies per-
formed MGX treatment combined with home-based therapy. However,
the control group only received home-based therapy. Regarding MGX
treatment, Aketa et al. [23] performed it on the lower eyelid with a plate
expressor, while Kaiserman et al. [24] used a sterile cotton-tipped
applicator. In both studies oxybuprocaine hydrochloride anesthesia
was applied before MGX treatment. Regarding home-based therapy,
Aketa et al. [23] used warm compress, lid hygiene, tear substitute, as
well as topical and systemic medication. However, Kaiserman et al. [24]
only used tear substitute. No studies had conflicts of interest. More
detailed characteristics of the studies are listed in Table 1.

3.2. Efficacy of MGX combined with home-based therapy
Intra-group outcomes are shown in Table 2.

3.2.1. Dry eye symptoms

Dry eye symptoms were evaluated with different questionnaires.
Aketa et al. [23] used the dry eye-related quality of life score (DEQ-5)
questionnaire, while Kaiserman et al. [24] used the ocular surface dis-
ease index (OSDI) questionnaire.

Regarding intra-group outcomes, MGX combined with home-based
therapy achieved an improvement in the DEQ-5 and OSDI
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questionnaires of —24.5 (P = 0.17) and -23.4 (P < 0.001) points, while
home-based therapy alone achieved a lower improvement of —9 (P =
0.50) and —15 (P = 1.0) points, respectively. Regarding inter-group
outcomes, they were in favor of MGX combined with home-based
therapy in both studies, with a DES score of —15,5 (P = 0.28) and
—84 (P < 0.001) points for DEQ-5 and OSDI questionnaires,
respectively.

3.2.2. Tear film break-up time

TBUT was assessed with fluorescein. However, Aketa et al. [23]
instilled the fluorescein into the lower tear film meniscus using a
micropipette, while Kaiserman et al. [24] used a fluorescein strip. In
both studies, TBUT was assessed under a biomicroscope with a cobalt-
blue light after a complete blink using a chronometer, and the mean
of three measurements was recorded. In addition, Kaiserman et al. [24]
classified TBUT on a severity grading scale ranging from 1 to 4, where 1
indicates TBUT > 10 s, 2 indicates TBUT between 5 and 10 s, 3 indicates
TBUT < 5 s, and 4 indicates immediate TBUT.

Regarding intra-group outcomes, Aketa et al. [23] reported that MGX
combined with home-based therapy achieved an improvement in TBUT
of 2.4 s (P = 0.0023), while it showed a slight worsening in the study
performed by Kaiserman et al. [24] with a TBUT of —0.1 s (P = 0.74).
Similar results were obtained with home-based therapy alone with a
TBUT of 0.6 (P = 0.43) and —0.3 (P = 1.0) seconds for Aketa et al. [23]
and Kaiserman et al. [24], respectively. Regarding inter-group out-
comes, they were in favor of MGX combined with home-based therapy
only in the study performed by Aketa et al. [23] while it remained
practically unchanged in the study conducted by Kaiserman et al. [24],
with a TBUT of 1.8 (P = 0.052) and 0.2 (P = 0.68) seconds, respectively.

3.2.3. Total corneal fluorescein staining
tCFS was evaluated with different grading scales. Aketa et al. [23]
assessed tCFS dividing the cornea into upper, central, and lower zones.

[ Identification of studies via databases and registers ]

Records identified from:
PubMed (n = 274)

Records removed before screening:

v

Web of Science (n = 344)
Registers (n = 618)

Identification

Duplicate records removed (n = 268)
Records marked as ineligible by automation tools (n= 0)
Records removed for other reasons (n = 0)

!
Records screened
(n =350)

Reports sought for retrieval

Records excluded
(n=339)

Reports not retrieved

v

> (n=11) (n=0)
-
: :
()
Reports assessed for eligibility | Reports excluded: .
(n=11) > Non-randomized controlled trials (n = 9)
- MGX combined with Fluorometholone (n= 1)
- MGX combined with lid debridement (n=1)
- MGX combined with LipiFlow (n = 1)
- MGXalone (n=6)
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§ (n=2)
° Reports of included studies
S (n=2)
e

Fig. 1. Flowchart study selection process according to the PRISMA statement.
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Table 1
Summary of included RCTs.
Author (date) Design  F/ Patients (TG Age” (TG / Sex Eyes  Inclusion criteria Intervention Control Col
u*  /CQ CG) (/M)
Aketa et al. [23] MN 1 12 65.1 + 11.5 5/7 12 MGD diagnosis MGX Home-based therapy No
2019 SM (7/5) (699 +3.2/ - Eyelid abnormalities home-based - Warm compress twice a
60.2 + 19.8) - Decreased meibum therapy day
expressibility and quality - Lid hygiene with baby
shampoo twice a day
— 0.1 % HA tear substitute
four times per day
— 0.1 % FML eye drops
three times per day
— 1.5 % levofloxacin eye
drops four times per day
— 100 mg oral minocycline
twice a day
Kaiserman et al. MN 2 87 58.4 +13.5 37/ 87 MGD diagnosis MGX Home-based therapy No
[24] 2021 DM (45 /42) (62.4+11.9/ 50 - Eyelid abnormalities home-based — 0.3 % HPMC tear
54.3 + 15) - Decreased meibum therapy substitute four times per day

expressibility and quality
- Meibomian glands loss
area by meibography

CG = Control group; Col = Conflict of interest; DM = Double-masked; DED = Dry eye disease; F = Female; F/U = Follow-up; FML = Fluorometholone; HA = Hy-
aluronic acid; HPMC = Hydroxypropyl methylcellulose M = Male; MN = Monocentric; MGD = Meibomian gland dysfunction; MGX = Meibomian gland expression;

RCTs = Randomized controlled trials; SM = Single-masked; TG = Treatment group.

@ Expressed as months.
b Expressed as mean + SD (standard deviation).

Table 2
Intra-group differences outcomes.

Author (Date) MGX + Home-based therapy

Home-based therapy

DES score TBUT tCFS MGE DES score TBUT tCFS MGE
Aketa et al. 2019 Baseline 32.4 +22.8 2.3+0.8 21+09 1.4 +£05 21.5 + 16.3 22+1.3 14+1.1 1.4 +£0.5
Last visit 7.9+5.5 47 +1.8 0.3+0.8 1.1 +0.3 12.5+ 35 2.8+0.8 1.0+ 1.0 1.2+04
Difference * —24.5 2.4 -1.8 -0.3 -9 0.6 —0.4 —0.2
P Value 0.17 0.0023* 0.015* NR 0.50 0.43 0.62 NR
Kaiserman et al. 2021 Baseline 45.6 + 24.9 24+0.5 1.3+ 0.6 1.5+0.7 35.9 + 20.1 2.6 £0.5 1.2+ 0.4 1.4+0.7
Last visit 22.2 +15.4 2.3+0.7 1.2+05 1.2+04 20.9 +13.7 2.3+0.8 1.0 £ 0.0 1.3+0.8
Difference” -23.4 -0.1 -0.1 -0.3 —-15 -0.3 —0.2 -0.1
P Value < 0.001~ 0.74 1.0 0.04* 1.0 1.0 < 0.001* 0.1

B = Baseline; DES score = Dry eye symptoms score; LV = Last visit; MGE = Meibomian gland expressibility; MGX = Meibomian gland expression; tCFS = Total corneal

fluorescein staining; TBUT = Tear film break-up time.
# Defined as Last visit — Baseline.
" Statistical significance with a P value < 0.05.

The amount of staining was graded from O to 3 points in each zone with a
score ranging from O to 9, where 0 indicates no tCFS and 9 indicates the
maximal tCFS. However, Kaiserman et al. [24] used the Oxford grading
scale.

Regarding intra-group outcomes, Aketa et al. [23] and Kaiserman
et al. [24] reported that MGX combined with home-based therapy
achieved an improvement in tCFS of —1.8 points (P = 0.015) and —0.1
points (P = 1.0), respectively. Home-based therapy alone also obtained
similar results with a tCFS of —0.4 (P = 0.62) and —0.2 (P < 0.001)
points for Aketa et al. [23] and Kaiserman et al. [24], respectively.
Regarding inter-group outcomes, they were in favor of MGX combined
with home-based therapy only in the study conducted by Aketa et al.
[23], while it remained practically unchanged in the study performed by
Kaiserman et al. [24], with a tCFS of —1.4 (P = 0.28) and 0.1 (P = 0.03)
points, respectively.

3.2.4. Meibomian gland expressibility
MGE was also evaluated using different grading scales. Aketa et al.
[23] used the Shimazaki grading scale, while Kaiserman et al. [24]
graded MGE according to the international workshop on MGD.
Regarding intra-group outcomes, MGX combined with home-based

therapy achieved an improvement in MGE of —0.3 points for Aketa
et al. [23] (P value not reported) and Kaiserman et al. [24] (P = 0.04),
while home-based therapy alone achieved a lower improvement in MGE
of —0.2 (P value not reported) and —0.1 (P = 0.1) points for Aketa et al.
[23] and Kaiserman et al. [24], respectively. Regarding inter-group
outcomes, they were in favor of MGX combined with home-based
therapy in both studies, but it remained practically unchanged with a
MGE of —0.1 (P value not reported) and —0.2 (P = 0.95) points for Aketa
et al. [23] and Kaiserman et al. [24], respectively.

3.3. Meta-analysis

The two aforementioned studies, with a total of 52 participants in the
MGX combined with home-based therapy group and 47 participants in
the home-based therapy group, were included in the meta-analysis. The
change in DES score (SMD —0.49; 95 % CI: —0.89 to —0.08; P = 0.02; 12
= 0 %) (Fig. 2) indicated that the MGX combined with home-based
therapy group had significantly better outcomes than the home-based
therapy group. However, the change in TBUT (SMD 0.41; 95 % CI:
0.00 to 0.81; P = 0.05; I? = 42 %) (Fig. 3), tCFS (SMD —0.16; 95 % CI:
—1.2t0 0.88; P = 0.76; I? = 64 %) (Fig. 4) and MGE (SMD —0.29; 95 %
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MGX+Home-based therapy Home-based therapy (Control) Std. mean difference Std. mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aketa et al. 2019 -24.5 20.3 7 -9 127 5 11.0% -0.81[-2.02, 0.40) -
Kaiserman et al. 2021 -234 20.2 45 -15 16.9 42 89.0% -0.45[-0.87,-0.02) R 2
Total (95% Cl) 52 47 100.0% -0.49 [-0.89 , -0.08] ’
Heterogeneity: Chi*=0.31,df=1 (P =0.58); 7= 0%

Test for overall effect: Z=2.37 (P =0.02)
Test for subgroup differences: Not applicable

2 4 0 1
Favours [MGX] Favours [control]

Fig. 2. DES score meta-analysis. Forest plot showing the standardized mean difference (SMD), 95% confidence intervals (CI) and P value for the change in DES score.
A fixed effects model was performed obtaining statistical significance between meibomian gland expression (MGX) combined with home-based therapy and home-

based therapy alone.

MGX+Home-based therapy

Home-based therapy (Control)

Std. mean difference Std. mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aketa et al. 2019 243 1.27 7 06 1.52 5 9.7% 1.23[-0.07 , 2.52] ]
Kaiserman et al. 2021 -0.1 06 45 0.3 0.65 42 90.3% 0.32[-0.11,0.74] .._
Total (95% CI) 52 47 100.0% 0.41[0.00, 0.81] ‘
Heterogeneity: Chi*=1.72,df=1 (P =0.19); I?=42%

Test for overall effect: Z = 1.97 (P = 0.05) _'2 A 0

Test for subgroup differences: Not applicable

1 2
Favours [Control] Favours [MGX]

Fig. 3. NIBUT meta-analysis. Forest plot showing the standardized mean difference (SMD), 95% confidence intervals (CI) and P value for the change in NIBUT. A
fixed effects model was performed without obtaining statistical significance between meibomian gland expression (MGX) combined with home-based therapy and

home-based therapy alone.

MGX+Home-based therapy

Home-based therapy (Control)

Std. mean difference Std. mean difference

Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 85% CI IV, Random, 95% CI
Aketa et al. 2019 -1.86 1.46 7 -04 167 5 36.0% -0.87 [-2.09, 0.35] —_—
Kaiserman et al. 2021 -0.1 0.55 45 -0.2 0.2 42 64.0% 0.24[-0.19, 0.66]

Total (95% ClI) 52 47 100.0% -0.16 [-1.20, 0.88]

Heterogeneity: Tau? = 0.39; Chi*=2.81, df = 1 (P = 0.09); I = 64%
Test for overall effect: Z = 0.31 (P = 0.76)
Test for subgroup differences: Not applicable

2 1 0 1 2
Favours [MGX] Favours [control]

Fig. 4. tCFS meta-analysis. Forest plot showing the standardized mean difference (SMD), 95% confidence intervals (CI) and P value for the change in tCFS. A random
effects model was performed without obtaining statistical significance between meibomian gland expression (MGX) combined with home-based therapy and home-

based therapy alone.

CI: —0.69 to 0.10; P = 0.15; I? =0 %) (Fig. 5) showed no statistical
significance between the two groups.

3.4. Risk of bias

The risk of bias summary of the included studies is presented in
Fig. 6A. Risk of bias assessment was classified into three evidence level

MGX+Home-based therapy

Home-based therapy (Control)

groups: (1) studies with a low risk of bias (Kaiserman et al. [24]), (2)
studies with an unclear risk of bias (Aketa et al. [23]) and (3) studies
with a high risk of bias (no studies). The overall risk of bias summary of
the domains used in each study is presented in Fig. 6B. The items used to
assess the risk of bias showed an overall risk of bias that was low at 50 %.
The Robvis tool (NIHR, Bristol, UK) was used to create risk of bias
assessment figures [48].

Std. mean difference Std. mean difference

Study or Subgroup Mean sD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Aketa et al. 2019 -0.3 0.42 7 -0.2 0.44 5 11.9% -0.22[-1.37,0.94) I
Kaiserman et al. 2021 -0.3 0.55 45 -0.1 0.75 42 881% -0.30[-0.73,0.12) L

Total (95% CI) 52 47 100.0% -0.29 [-0.69, 0.10]

Heterogeneity: Chi*=0.02, df =1 (P = 0.89); I?= 0%
Test for overall effect: Z=1.44 (P =0.15)
Test for subgroup differences: Not applicable

2 -
Favours [MGX]

il

1 2
Favours [control]

Fig. 5. MGE meta-analysis. Forest plot showing the standardized mean difference (SMD), 95% confidence intervals (CI) and P value for the change in MGE. A fixed
effects model was performed without obtaining statistical significance between meibomian gland expression (MGX) combined with home-based therapy and home-

based therapy alone.
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Fig. 6. Risk of bias assessment: (A) Risk of bias summary of the included studies with traffic light plot. The traffic lights represent the author’s risk of bias judgment
in each domain used to assess the quality of the studies. (B) Overall risk of bias summary of the domains with bar plot. Bars represent the overall author’s risk of bias

judgment in each domain presented as percentages.
4. Discussion

MGD is one of the main causes of DED [3]. Since traditional treat-
ments for MGD only ameliorate DED symptoms and signs temporarily
[9], other treatments that target specific mechanisms involved in the
pathogenesis of MGD have emerged [22]. This systematic review with
meta-analysis aimed to investigate the effectiveness of MGX combined
with home-based therapy compared to home-based therapy alone for
DED caused by MGD.

In general, the studies included in this systematic review reported
that MGX combined with home-based therapy improves DES score,
TBUT, tCFS and MGE compared to home-based therapy alone. However,
the pooled results of the meta-analysis indicated that MGX combined
with home-based therapy only seems to be beneficial in alleviating DES
score. This result may be explained by the mechanism of action of MGX.
This treatment squeezes out the meibum [23,24], which contributes to
the lipid component of the tear layer and prevents its premature evap-
oration [49,50]. The pooled results of the meta-analysis also indicated
that MGX combined with home-based therapy showed no significant
difference in TBUT, tCFS and MGE compared to home-based therapy
alone. These results may be explained by the heterogeneity of the studies
included in this systematic review. Demographically, Aketa et al. [23]
included Japanese population, while Kaiserman et al. [24] included Is-
raeli population. According to TFOS DEWS II epidemiology report, a
higher prevalence and severity of DED symptoms and signs have been
consistently reported in Asian population [2]. This, coupled with the fact
that the patients in the Aketa et al. [23] study were 6.7 years older, may

explain why home-based therapy included the use of topical and sys-
temic medication in addition to warm compress, lid hygiene and tear
substitutes. However, Kaiserman et al. [24] only used tear substitutes as
home-based therapy. These differences may explain why Aketa et al.
[23] obtained overall better results in DED score, TBUT, tCFS and MGE
compared to Kaiserman et al. [24]. It is also important to mention that
there were differences in the diagnosis of MGD, since Aketa et al. [23]
diagnosed MGD according to the presence of eyelid abnormalities and
decreased meibum expressibility and quality, while Kaiserman et al.
[24] additionally used meibography to evaluate the meibomian glands
loss area.

The results of our study can be compared with some meta-analysis,
which have reported that combined IPL-MGX treatment achieved sig-
nificant improvements in dry eye symptoms and signs compared to MGX
alone [33-37]. Specifically, Sambhi et al. [34] and Leng et al. [35] used
in their meta-analyses the same effect size as in our study to evaluate DES
score and TBUT. Sambhi et al. [34] reported a SMD of —0.90 (95 % CI:
—~1.93t00.13; P < 0.001; I = 95.1 %) and 0.85 (95 % CI: 0.20 to 1.51; P
< 0.001; I? = 90.7 %) between both groups for DES score and TBUT,
respectively. Leng et al. [35] reported similar results in TBUT with a
SMD of 2.33 (95 % CI: 1.04 to 3.61; P < 0.001; 12 = 98 %). The SMD
reported in these studies seems to be higher than those reported in our
study, which suggests that IPL may be essential in MGX treatment.
Therefore, it could be considered to combine MGX with other novel
adjuvant treatments, such as IPL, which seems to improve certain signs
of DED caused by MGD. IPL is a form of light therapy that uses flash
lamps to emit noncoherent, polychromatic high-intensity light of
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determined wavelength spectrum, ranging from 500 to 1,200 nm
[30,32]. In 2002, Toyos et al. [25] reported that patients with DED who
received IPL treatment for rosacea achieved improvements in their DES
score. This is due to the thrombosis of telangiectasias and superficial
blood vessels associated with rosacea [51,52], which reduce the pro-
duction of inflammatory mediators that travel to the eyelids via the
vasculature around the eye and the facial artery, thus preventing MGD
[25-29]. In addition, IPL may increase the temperature of the eyelids
[53], which allows the meibum to become more liquid and flow out of
the meibomian glands [25-29]. This process may be further aided by the
addition of MGX, which promotes the meibum outflow [23,24].
Therefore, decreasing meibum viscosity may increase the effectiveness
of the MGX, which prevents meibomian glands obstructions, leading to
better tear film integrity and thus a reduction in dry eye symptoms and
signs. However, a meta-analysis performed by Miao et al. [36], which
included 15 RCTs, reported that combined IPL-MGX treatment did not
significantly improve MGE compared to MGX alone. These findings
suggest an incomplete understanding of the mechanism of action of IPL
in DED caused by MGD.

4.1. Strengths and limitations

According to our best knowledge, this is the first systematic review
with meta-analysis of RCTs that examines the effectiveness of MGX
combined with home-based therapy for DED caused by MGD. However,
there are some limitations that may have influenced the results of the
meta-analysis and its interpretation. First, the inclusion of the term “NOT
(intense pulse light OR IPL)” in the search strategy could have excluded
not only any studies mentioning these terms, but also those that per-
formed MGX as a separate treatment group for DED. Second, the number
of included studies was limited. In addition, to ensure the test efficiency
of funnel plots and meta-regressions, at least 10 studies are needed
[54,55]. Consequently, these tests were not performed. Third, the
studies analyzed presented significant differences in the dry eye criteria,
the number of enrolled patients and their demographics characteristics,
as well as in the method of performing MGX treatment. Therefore, the
overall risk of bias and mean heterogeneity was moderate, with values of
50 and 27.8 + 28.4 %, respectively.

Despite these limitations, an increasing number of studies are using
MGX treatment alone or in combination with other treatments; Thus, it
is necessary to review this treatment in order to know its effect in DED
caused by MGD. In addition, larger, well-designed, strictly masked,
multicenter RCTs with extensive follow-up are also needed to better
evaluate the safety and efficacy of this treatment option. It would be also
interesting for these new studies to use objective and non-invasive tests
that are obtained automatically in order to reduce the observer’s influ-
ence on the evaluation of the measurements, obtaining more reliable
results [56].

5. Conclusions

In conclusion, based on the data included in the meta-analysis, MGX
seems to be an effective treatment to reduce dry eye symptoms in pa-
tients with DED caused by MGD. However, it also appears that there is
still not sufficient evidence to suggest that this treatment option is able
to improve dry eye signs, such as TBUT and tCFS, as well as meibomian
gland function. Further studies are needed to elucidate these results.
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IV.4. Intraobserver Repeatability Assessment of the S390L Firefly WDR
Slitlamp in Patients with Dry Eye Disease: Objective, Automated and
Noninvasive Measures
Este estudio tuvo como objetivo evaluar la repetibilidad intra-observador de las medidas
objetivas y no invasivas obtenidas de forma automética con la lampara de hendidura S390L
Firefly WDR. Para ello, se realiz6 un estudio transversal en el que se obtuvieron 3 medidas
repetidas de las siguientes variables: primer tiempo de rotura lagrimal no invasivo (F-NIBUT,
por sus siglas en inglés), tiempo promedio de rotura lagrimal no invasivo (A-NIBUT, por sus
siglas en inglés), TMH, area del menisco lagrimal (TMA, por sus siglas en inglés), hiperemia
conjuntival nasal (NCOH, por sus siglas en inglés) y temporal (TCOH, por sus siglas en
inglés), hiperemia ciliar nasal (NCIH, por sus siglas en inglés) y temporal (TCIH, por sus
siglas en inglés), el area de pérdida de las glandulas de Meibomio superiores (U-LAMG, por
sus siglas en inglés) e inferiores (L-LAMG, por sus siglas en inglés) y el grado de MGD
superiores (U-MGD grade, por sus siglas en inglés) e inferiores (L-MGD grade, por sus siglas
en inglés). La repetibilidad intra-observador se evalu6 mediante el coeficiente de variacion
(CoV, por sus siglas en inglés), la desviacion estandar intra-sujeto (Sw, por sus siglas en inglés)

y los graficos de Bland-Altman.

El anélisis estadistico mostr6 que F-NIBUT y A-NIBUT obtuvieron los mayores CoV con unos
valores medios de 0,48 + 0,41 y 0,34 + 0,25, respectivamente. Sin embargo, el resto de las
variables mostraron un CoV bajo con unos valores comprendidos entre 0,04 + 0,11y 0,18 +
0,16. Ademas, TBUT, TMA, NCOH y L-LAMG mostraron una S,,de 2,78 s, 0,21 mm?Z, < 0,001
y 4,11 %, respectivamente. En cuanto a los graficos de Bland-Altman, mostraron un alto nivel

de concordancia entre pares de medidas repetidas.

En conclusion, esté estudi6 sugiere que lalampara de hendidura S390L Firefly WDR presenta
una elevada repetibilidad intra-observador, excepto para la estabilidad de la pelicula

lagrimal, sugiriendo que son pruebas con una alta variabilidad.
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IV.5. Diamond Bur Microblepharoexfoliation Combined with Intense Pulse
Light and Meibomian Gland Expression for Evaporative Dry Eye: A Short-term
Controlled Clinical Trial
Este estudio tuvo como objetivo evaluar la seguridad y eficacia del tratamiento combinado
de MBE-IPL-MGX en el DED asociado a la MGD. Para ello, se realizé6 un ensayo clinico
controlado. El grupo de tratamiento recibi6 3 sesiones separadas cada 15 dias del tratamiento
combinado de MBE-IPL-MGX, ademas de terapia domiciliaria, basada en el uso de lalagrima
artificial Eyestil synfo 4 veces/dia y compresas calientes 2 veces/dia. El grupo control solo

recibi6 la terapia domiciliaria.

El periodo de seguimiento fue de 2 meses y se analizaron las siguientes variables:
cuestionario OSDI, cuestionario de evaluacion de los sintomas del ojo seco (SANDE, por sus
siglas en inglés), TMH, TMA, F-NIBUT, A-NIBUT, grado de capa lipidica (LLG, por sus siglas
en inglés), U-LAMG, L-LAMG, U-MGD grade, L-MGD grade, puntuacion de secrecion de las
glandulas de Meibomio (MGYSS, por sus siglas en inglés), nivel de secrecion liquida de las
glandulas de Meibomio (MGYLS, por sus siglas en inglés) y nivel de secrecion clara de las

glandulas de Meibomio (MGYCS, por sus siglas en inglés), NCIH, TCIH, NCOH, TCOH y CFS.

El tratamiento combinado de MBE-IPL-MGX consiguié resultados significativamente
superiores con respecto a la terapia domiciliaria en las siguientes variables: cuestionarios
OSDI (P < 0,001), y SANDE (P < 0,001), asi como en F-NIBUT (P = 0,047), A-NIBUT (P =
0,018), LLG (P = 0,003), U-LAMG (P = 0,017), L-LAMG (P = 0,038) y MGYSS (P < 0,001).
Ademas, el incremento de MGYSS tras el tratamiento combinado fue mayor en los grados 2
y 3 de MGD (P < 0,001 para ambas comparaciones). En cuanto a los AEs, el 32,5% (n =13)
refiri6 molestias en el borde libre del parpado, el 12,5 % (n= 5) disminucién de la densidad

de pestafias y el 10% (n= 4) eritema cutaneo en la zona de tratamiento.

En conclusién, el tratamiento combinado de MBE-IPL-MGX parece ser un tratamiento
efectivo y bien tolerado que mejora los sintomas y signos del DED, asi como la cantidad y

calidad del meibum liberado en pacientes con el DED asociado a la MGD.
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ABSTRACT

Introduction: To assess the efficacy and safety
of the combination of microblep