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1. INTRODUCCION

1.1. Bronquiolitis

La investigacion médica se debe entender como el proceso dedicado a responder a una
pregunta. Con esta idea en mente, transmitida por un compafiero y amigo, empezd este
proyecto, intentando resolver las dudas terapéuticas de lo que es a dia de hoy la principal causa

de hospitalizacion en nifios menores de dos de afios en los paises desarrollados, la bronquiolitis ().

1.1.1 Definicion y etiopatogenia

En 1.983, McConnochie establecio unos criterios clinicos para definir la bronquiolitis :
primer episodio agudo de sibilancias en un nifio/a menor de 24 meses, disnea espiratoria y
existencia de prodromos catarrales(2). Actualmente existe una gran variabilidad en cuanto a
los criterios que utilizan los diferentes centros, e incluso los distintos profesionales, para definir
esta entidad. Las guias europeas tienden a limitar la bronquiolitis en nifos menores de 12 meses
y limitarla al primer episodio, mientras que en EEUU se amplia el rango de edad a 24 meses sin

restriccion de un primer episodio (3).

El curso clinico de la enfermedad suele consistir en un cuadro de 1-3 dias de sintomas de
via aérea superior (congestion nasal y/o rinorrea) sequidos de fiebre, tos y dificultad respiratoria
(signos de dificultad respiratoria serian: aumento de frecuencia respiratoria, tiraje, sibilancias y

crepitantes) con un pico de sintomas a los 5-7 dias y una resolucion gradual (4).

El virus respiratorio sincitial (VRS) es el agente etiolégico mas frecuente, causando
aproximadamente el 70-80% de las bronquiolitis(5). Sin embargo, existen multiples virus
implicados en esta patologia detectados gracias al desarrollo de nuevas técnicas de biologia

molecular(6)(7), como el metapneumovirus(8) y el bocavirus(g). La presencia de bronquiolitis



esta muy relacionada con el ciclo bioldgico de los virus respiratorios, variando la estacionalidad
de lainfeccién por VRS segun la zona geografica(10). En las zonas con un clima templado como

es Espafia, aparece en los meses frios; desde finales de otofio hasta primavera(11).

Aunque la tasa global de mortalidad asociada a la bronquiolitis no es alta, el VRS
representa la tasa mas alta de mortalidad y morbilidad de todos los virus causantes de esta

patologia, especialmente en pacientes menores de 6 meses (12).

En la Ultima década se han intensificado los estudios en el campo de las vacunas frente al
VRS con el objetivo de disminuir la incidencia de esta patologia (13), empledndose vacunas vivas
atenuadas, vacunas no infectivas (subunidades), vacunas basadas en vectores o en nano
particulas. La vacunacion materna es una de las lineas de investigacion con el objetivo de
proteger a los pacientes los primeros meses de vida a través de anticuerpos que pasen por la
placenta, momento en el que la infeccion por VRS es mas grave. Un ensayo de vacuna
recombinante de la proteina F del VRS demostro un perfil sequro y adecuada inmunogenicidad

en mujeres de edad fértil (14).

Como nuevas vias terapéuticas se han aprobado dos farmacos para tratar la infeccion por
VRS. La ribavirina inhalada es un analogo nucledsido y virostatico aprobado por la Food and
Drug Administration (FDA) para los pacientes graves pero no es recomendada por la guia
americana AAP (American Academy of Pediatrics) por insuficiente evidencia de su efectividad
(15). El palivizumab, es un anticuerpo monoclonal humano aprobado, tanto por la FDA como
por su homologo europeo EMA (European Medicines Agency), como inmunoprofilaxis en
pacientes de alto riesgo, en los que se ha visto que disminuye el nUmero de ingresos y estancia
en las Unidades de Cuidados Intensivos Pediatricos (UCIP) asi como un descenso en el uso de

oxigeno suplementario y ventilacion mecanica (16).



1.1.2 Realidad del medio

A pesar de que la bronquiolitis es un cuadro que generalmente se resuelve de forma
espontanea su elevada incidencia hace que en paises como Reino Unido, el 2-3% de todos los
ninos menores de 12 meses sean hospitalizados por este motivo (17), con un aumento en el
numero de hospitalizaciones en los Ultimos afos. Las razones de este incremento no son del
todo conocidas, pero parecen tener un origen multifactorial (28)(29). Incluso puede que esté
infraestimada, porque el cuidado domiciliario de un alto porcentaje de los pacientes hace que
la literatura no refleje la verdadera incidencia de esta patologia representando sélo la “punta

deliceberg” (20).

Los resultados que encontramos en nuestro ambito nacional y autonomico no difieren
mucho de nuestros paises vecinos. Con un registro epidemioldgico de 15 afios (1.997-2.011),
Castillay Ledn formaba parte del bloque de comunidades autonomas con una incidencia media
de hospitalizacién entre 2.350/100.000 y 2.743/100.000 en nifos menores de 2 ainos, siendo
Extremadura la mas alta del panorama nacional (3.474/100.000)(21). La estancia media
hospitalaria si que difiere, siendo en nuestro pais en pacientes menores de 2 afios, con o sin
factores de riesgo, de 5 a 8 dias(22)(6), mayor que la media de Estados Unidos y Reino Unido,

1,2y 3,8 dias respectivamente (23)(18).



1.1.3 Relevancia socioeconémica

La carga asistencial de la bronquiolitis se traduce en una repercusion directa e indirecta
socio-economica (15). De hecho, la relevancia de la repercusion sanitaria de la bronquiolitis es
tal, que su tasa de hospitalizacion supone 100 veces la de la meningitis meningococica (24),
400 veces la meningitis neumococica(2s), 40 veces las infecciones meningocdcicas (26) o 20

veces las infecciones por rotavirus (26).

El gasto econdmico se ha visto incrementado en los Ultimos afios como consecuencia del
aumento de su incidencia (27). Para nuestro Sistema Nacional de Salud supone un importante
impacto econdmico, estimandose un gasto entorno a los 47 millones de euros anuales, con una

media de 2.162 euros por ingreso (21).

El impacto social se debe tener también en cuenta ya que la bronquiolitis supone una
importante repercusion en el nicleo familiar (28)(29). Son pacientes lactantes y por lo tanto
precisan de una vigilancia continua por parte de sus familiares. Los prolongados ingresos y su
torpida evolucion producen una desestabilizacion a los padres desde el punto de vista

emocional y laboral.

Como hemos comentado previamente, la mayoria de los casos de bronquiolitis son leves
y pueden ser atendidos en domicilio. Sin embargo, la bronquiolitis supone uno de los
principales motivos de ingreso en UCIP en los pacientes menores de un afio de edad (15). El
dato exacto de esta incidencia no lo recogen las guias clinicas publicadas, ni internacionales ni
nacionales. Pifiero Fernandez et al. en su estudio observacional sefialé una tasa de ingreso en
cuidados intensivos del 5,9% en una poblacion de 235 lactantes (30) y Mansbach et al. afirma
que un 40% de los pacientes que consultan en urgencias acaban ingresando, y describe una tasa

de ingreso en UCIP del 3% (31).

En cuanto a los factores de riesgo relacionados con el ingreso en UCIP, Lépez Guinea et

al. concluyeron en una cohorte de 284 pacientes con bronquiolitis grave ingresados en UCIP



que la mayoria de ellos eran lactantes sanos cuyo principal factor de riesgo fue su corta edad.
La evolucion grave la determinaron la asociacion de dos o mas factores (edad menor de 6
semanas, prematuridad, enfermedad pulmonar croénica, cardiopatia, enfermedad neuroldgica,
inmunodeficiencia, u otra enfermedad crdnica), historia de apnea al ingreso o presencia de

consolidacion pulmonar (32).

Por lo tanto, uno de los retos es discernir entre el paciente con patologia leve, moderada
y grave y para ello disponemos de escalas clinicas que confieren una puntuacion de gravedad
acorde a una serie de signos y sintomas que presente el nifio. Una de las escalas validadas que

se emplea en la bronquiolitis es la escala del Hospital Sant Joan de Deu (BROSJOD) (33).



1.1.4 Situacion actual de la asistencia terapéutica

En la facultad de medicina y en el periodo formativo MIR (médico interno residente) nos
ensefian los dos pasos basicos a sequir cuando nos enfrentamos ante cualquier patologia:
diagnosticar y tratar. Sin embargo, lo que a priori parece sencillo en la teoria, no lo es en la
practica clinica. Han pasado mas de 35 afos desde el estudio “Bronchiolitis. What's in the
name?” de McConnachie (2) y casi 5 décadas del trabajo "The treatment of bronchiolitis” de
Reynolds y Cooke (34) y el debate alrededor de esta patologia ha sido continuo, desde
conceptos tedricos como su definicion epidemioldgica ya comentada previamente, hasta

aspectos practicos como es su asistencia terapéutica.

Y es que hoy en dia, la bronquiolitis sigue siendo un reto terapéutico. De forma periddica
se publican guias basadas en la evidencia (35)(36)(37), guias de practica clinica (38)(39)(40) y
revisiones basadas en consensos(41)(42)(43). Y de forma paralela y ain mas frecuente,
articulos que refuerzan o ponen en entredicho las pautas de actuacion de las mismas (44)(45),

describiéndose a nivel nacional e internacional una gran variabilidad terapéutica (46)(47).

En mi caso, fue hace cuatro afios cuando volvi a realizar una revision de la bronquiolitis,
durante mi primer afio como licenciado especialista en pediatria trabajando en un hospital
comarcal. Ese invierno fue especialmente virulento y las consultas por bronquiolitis
desbordaban las urgencias pediatricas, llenaban las camas de hospitalizacion pediatricas y
colapsaban las UCIP que apenas podian aceptar ingresos o traslados. El ambiente de un hospital
mas pequeiio hacia que el contacto con enfermeria y familiares fuera ain mas cercano y fruto

de la desesperacion conjunta nacid este proyecto.

A la espera de un tratamiento especifico definitivo, los pilares de las recomendaciones
actuales se centran en asegurar las medidas de nutricion y del soporte respiratorio necesario,

respetando el maximo confort del paciente (12)(48) (Figura 1).
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Figura 1. Pilares en los que se asienta el tratamiento de la bronquiolitis

A. Soporte nutricional: dependiendo de la gravedad del paciente la ingesta se realiza via

oral, parenteral o enteral, empleandose la sueroterapia intravenosa en aquellos pacientes
graves que no es posible consequir una adecuada hidratacion por otros medios.

B. Soporte respiratorio: la correccion de la hipoxia y la mejoria del trabajo respiratorio

son los principales objetivos del tratamiento.

o Enrelacion con los valores de la saturacion de oxigeno (SatO2) no hay acuerdo sobre el
punto de corte por debajo del cual hay que administrar oxigeno. En general se recomienda
instaurar la oxigenoterapia cuando la SatO2 es < 92% (National Institute for Health and Care
Excellence [NICE], 2.015), aunque la American Academy of Pediatrics (AAP) (2.014) y la
Canadian Paediatric Society (2.014) la aconsejan cuando la SatO2 esta persistentemente por
debajo del 90%, en nifios sanos. A efectos practicos, se recomienda la administracion de
oxigeno de forma intermitente, interrumpiéndola cuando los valores sean > 90-92%, haya

disminuido el trabajo respiratorio y el lactante pueda alimentarse de forma adecuada.



o Modalidades de soporte respiratorio:

= De bajo flujo: son sistemas de administracion de oxigeno con los que el paciente inhala
aire procedente de la atmosfera y lo mezcla con el oxigeno suministrado, por lo que la fraccion
inspiratoria de oxigeno varia en funcion del patrén ventilatorio del paciente (flujo inspiratorio,
volumen corriente, frecuencia respiratoria), asi como del flujo de oxigeno. Se recomiendainiciar
la oxigenoterapia con gafas nasales hasta un flujo aproximado de 2 L/min, por encima del cual
debemos pasar a utilizar la mascarilla, que nos permite flujos superiores (con o sin reservorio).
Figura 2A

= De alto flujo: son sistemas de administracion de oxigeno que se caracterizan por
aportar todo el gas inspirado por el paciente a una concentracion constante
independientemente de su patron ventilatorio. La Oxigenoterapia de alto flujo (OAF) permite
proporcionar flujos de 5 a 40 L/min de oxigeno humidificado y caliente (33-41 °C) para la
respiracion del paciente a través de una canula nasal. La OAF esta indicada cuando exista
empeoramiento de la clinica o de la SatO2 a pesar de oxigenoterapia de bajo flujo, o
directamente en el paciente con importante trabajo respiratorio. Habria que entender el uso de
la OAF no como una alternativa a los soportes de presion controlada, sino como paso previo
empledndolo de forma precoz, en grados moderados y bajo control clinico estricto. Figura 2B

= Ventilacion no invasiva (VNI): se debe considerar esta opcion terapéutica en el caso de
fallo respiratorio (datos de incremento del esfuerzo respiratorio, apnea, fracaso para mantener
saturaciones adecuadas a pesar de oxigenoterapia). Figura 2C

= Ventilacion mecanica convencional: la intubacion endotraqueal esta indicada en nifios
con persistencia de trabajo respiratorio importante a pesar de la OAF y/o VNI, hipoxemia a

pesar de oxigeno suplementario o apneas. Figura 2D



Figura 2: representacion de sistemas de soporte respiratorio de bajo flujo (2A), oxigenoterapia

alto flujo (2B), ventilacion no invasiva (2C) y ventilacién mecanica convencional (2D).

1.1.4.1 Oxigenoterapia de alto flujo (OAF)

La OAF calienta y humidifica la mezcla de aire y oxigeno, lo que permite aportar mayor
volumen de aire y porcentaje de oxigeno y en consecuencia aumenta el flujo inspiratorio y se
optimiza el aporte de oxigeno al alvéolo, reduciendo el trabajo respiratorio y mejorando el

intercambio gaseoso (49)(50). El esquema terapéutico de la OAF se representa en la Figura 3.

Estos mecanismos fisioldgicos, se han traducido en la poblacion pediatrica con
bronquiolitis, en una mejoria del esfuerzo respiratorio del paciente reflejado en escalas
clinicas (51)(52), descenso del nUmero de intubaciones (53)(54) y una superioridad terapéutica
frente a la oxigenoterapia convencional con gafas nasales (55) que ha sido respaldada en 2
ensayos clinicos recientemente publicados (56)(57). Todo ello, sumado al hecho de ser una
medida eficaz y segura en esta poblacion (52)(58), ha promovido la extension de la OAF en los
ultimos afos. De esta forma, su empleo no ha quedado limitado a las unidades de cuidados

intensivos sino que se ha extendido a las plantas de hospitalizacion (59).
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Figura 3. Esquema de oxigenoterapia de alto flujo. Con permiso de Masclans et al (60).

1.1.4.2. Nebulizador convencional tipo jet con mascarilla

En la actualidad, el método mas frecuente para nebulizar en la poblacion pediatrica es el
nebulizador tipo jet con mascarilla facial (JN, delinglés jet nebulizer) (61). El aerosol se produce
al pasar un gas a alta presion que entra en la cazoleta donde esta alojado el liquido a nebulizar
y al salir, produce una presion negativa que facilita la succion del liquido nebulizado,
fraccionandolo finalmente en multitud de particulas de aerosol de tamafios diversos. Las
particulas de gran tamafo son devueltas al reservorio gracias a una pantalla, llamada
impactador o deflector. Las particulas de pequefio tamafo son conducidas al exterior en forma
de fina niebla que el paciente inhala (62). La entrega de la medicacion se realiza a través de una
nebulizacion con una interfase facial con una duracion de unos 10-15 minutos cada una de ellas.

Al ser periddicas (cada 3-6 horas) producen interrupciones continuas en el lactante, con

10



despertares frecuentes, medida totalmente opuesta a uno de los pilares del tratamiento de la
bronquiolitis que es mantener un ambiente tranquilo y realizar las minimas manipulaciones
posibles(63). Este disconfort ya ha sido previamente descrito en la literatura, especialmente en

los ninos mas pequenos(64).

Ademas, un aspecto conflictivo surge a la hora de realizar estas nebulizaciones en el

paciente que esté recibiendo un soporte respiratorio. Para ello surgen dos posibilidades:

Opcidn 1: mantener la canula nasal del sistema de OAF y nebulizar a través de la mascarilla facial.

En tal caso, la medicacion nebulizada entraria a través de la
boca, si bien los neonatos y lactantes pequeiios respiran
predominantemente por la nariz (65)(63), siendo dificil
cuantificar la cantidad del mismo que llegue a vias respiratorias
inferiores. Por otro lado, seria preciso disponer de un segundo

dispositivo de oxigeno (bombona de oxigeno suplementaria u otra

toma de oxigeno en pared), no disponible en todas las ocasiones.

Opcidn 2: quitar las canulas nasales desconectando el sistema OAF y administrar la nebulizacion

con la mascarilla.

Esta accion implica retirar el soporte respiratorio de OAF

perdiendo de esta forma el efecto terapéutico del mismo.

Independientemente de la opcion que escojamos, ambas suponen manipular al paciente

pudiendo provocar llanto, aumento de las secreciones, aumento de ansiedad...etc.
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1.1.4.3. Fdrmacos empleados en las nebulizaciones

Ademas del tratamiento de soporte, se ha estudiado el papel de farmacos
broncodilatadores como salbutamol, adrenalina o suero salino hipertonico como parte del
tratamiento de la bronquiolitis, basandose en la fisiopatologia que respaldaria su empleo
(66)(67). Es decir, que el efecto mucolitico o la estimulacion ciliar de estos farmacos podria

reducir el edema submucoso o la viscosidad del moco caracteristica de esta patologia(68)(66).

En el caso del suero salino hipertdnico (SSH) nebulizado, la Ultima revisién de la Cochrane
(2.017) senala con un grado de evidencia de leve a moderado que el SSH puede reducir la
estancia hospitalaria de niflos con bronquiolitis y mejorar su gravedad clinica. Ademas puede
disminuir el riesgo de hospitalizacién en pacientes extrahospitalarios y en los que estén en
servicios de emergencias (69). La guia de nuestro Sistema Nacional de Salud, publicada en
2010, continuaba recomendando con un grado de evidencia “A” el empleo de SSH como
medida Util para reducir la estancia hospitalaria recomendando su utilizacion (38). En el
paciente con bronquiolitis grave, Stobbelaar et al. encuentran una correlacion significativa
entre el uso de SSHy el descenso en la duracion del trabajo respiratorio, asi como en la estancia
hospitalaria, abriendo una posibilidad a la reconsideracion del empleo de este farmaco en las

UCIP (70).

El diagnostico diferencial con un proceso asmatico en muchas ocasiones no es sencillo, por
lo que es habitual realizar una prueba terapéutica con medicaciones B-agonistas(71),

actualmente no avalado por las guias clinicas(15).

En cuanto a la adrenalina nebulizada, algunos autores han encontrado que al comparar
con placeboy con salbutamol, a nivel ambulatorio hay un descenso en los ingresos hospitalarios
y una mejoria en las puntuaciones clinicas, saturacion de oxigeno y un descenso en la estancia

hospitalaria respectivamente (72). Este beneficio parcial no ha sido respaldado por la Academia
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Americana de Pediatria, la cual sefala que no se debe administrar adrenalina nebulizada en

nifios con bronquiolitis aguda.

A pesar de la controversia y en algun caso contraindicacion en el empleo de las
nebulizaciones en estos pacientes, en la practica clinica es habitual emplear nebulizaciones
de farmacos con potencial efecto broncodilatador (15)(69)(73). Incluso se ha visto que en los
ultimos afios el empleo de terapias nebulizadas se ha incrementado en las bronquiolitis mas
graves (74). Esta medida puede que se deba al intento de probar su eficacia inicial y otras veces
como parte del tratamiento intensivo de un nifo critico ante la desesperacion y ausencia de una
alternativa eficaz especifica. Puede que éste sea el motivo por el que en un estudio sobre la
variabilidad del diagndstico y tratamiento de esta patologia en nuestro medio, el uso de
broncodilatadores o adrenalina nebulizada llegara a ser del 64,7% vy el 16,9% respectivamente
(46). En otro articulo recientemente publicado y centrado en las UCIP de nuestro pais el 77% de

los nifios con bronquiolitis recibieron nebulizaciones (75).

En definitiva, a pesar de existir estudios que favorecen en parte el empleo de alguno de
ellos (70)(76), las guias terapéuticas han ido variando sus recomendaciones hasta una tendencia

actual en la que no avalan el uso de nebulizaciones, o por lo menos, no de forma sistematica.
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1.2. Confort

La cooperacidn durante la nebulizacion es uno de los factores mas importantes para que
ésta sea efectiva, especialmente en el paciente neonatal y nifios pequefios (77). Por lo tanto, la
escasa tolerabilidad, bien por el sistema de nebulizacion en si o por la manipulacion realizada,
provoca en muchos casos un deposito insuficiente de la particula nebulizada en los pulmones

(61)(78).

1.2.1 El confort en el paciente en UCIP

El diccionario de la Real Academia Espafiola define el confort como "“bienestar o

|ll

comodidad material” y la OMS como “un estado de bienestar fisico, mental y social”. Ambas
definiciones no dejan mucho margen para poder diferenciar entre el concepto de dolor y

disconfort.

En medicina y especialmente en la poblacidn pediatrica, esa linea de diagnostico se hace
aun mas fina, dado que el lactante no puede expresar con palabras el estrés, dolor o disconfort
que percibe (79)(80). Esta dificultad en su diagndstico junto con la falsa percepcion de que los
nifios les duele menos, ha fomentado la publicacién de multiples estudios que respaldan la
infraestimacion de dolor del paciente pediatrico ingresado (81)(82). En el nifio ingresado en las

unidades de cuidados intensivos este riesgo es mucho mayor.

Las unidades de criticos tradicionalmente se han centrado en resolver la patologia aguda
centrandose en la recuperacion y mantenimiento de las funciones cardiorrespiratorias,
neuroldgicas y renales (83). Sin embargo, se ha visto que el nimero de estimulos,
manipulaciones y procedimientos a los que son sometidos da lugar a experiencias de
disconfort fisicas y psicologicas (84)(85). Ademas, el estrés es un reconocido factor negativo

en la velocidad de recuperacidon de los nifios (86) y la ausencia de su diagndstico implica
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consecuencias en el paciente. De ahi que componentes emocionales, como el confort, hayan

pasado a formar parte del tratamiento integral del paciente pediatrico.

1.2.2. El confort en la bronquiolitis

A pesar de la cantidad de literatura disponible sobre la bronquiolitis, apenas existen

estudios centrados en el confort generado en las nebulizaciones en esta enfermedad.

El nebulizador tipo jet conectado a una mascarilla facial es el sistema mas empleado para
realizar esas nebulizaciones, a pesar de su escasa tolerancia ya descrita en nifios. Con el objetivo
de mejorar este sistema de nebulizacion se han desarrollado en los Ultimos afios nuevos
dispositivos como los nebulizadores ultrasoénicos, cuya eficacia se ha equiparado a sus

antecesores en patologias pediatricas como el asma (87).

Carsin et al. quisieron comparar el efecto clinico del SSH nebulizado con distintos tipos de
nebulizador conectados a una mascarilla facial (tipo jet y ultrasonicos) en nifios ingresados con
bronquiolitis. Sin embargo tuvieron que suspender el ensayo por los eventos adversos graves y
el disconfort grave generado en el paciente, exigiendo los padres de dos pacientes retirarse del
estudio (88). Es decir, que en el campo de la bronquiolitis la tedrica superioridad de los
nebulizadores ultrasdnicos no parece estar establecida. No al menos, cuando son conectados a

una mascarilla facial.

En los nifios con bronquiolitis las manipulaciones deben evitarse en la medida de lo posible
(15)(89). Por lo tanto, mantener el confort en estos pacientes debe ser una de las premisas de
toda intervencion terapéutica. Este hecho dificilmente es posible con un nebulizador que
implique retirar el soporte respiratorio y despertar de forma frecuente al paciente. Este
principio, sumado a que la tolerancia del paciente al propio nebulizador puede influir en la

eficacia del farmaco nebulizado (90), orienta a que el confort debe ser una variable a tener en
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cuenta en el tratamiento de estos pacientes. De ahi la relevancia y el potencial terapéutico de
la incorporacion de un nebulizador eficaz en un soporte respiratorio bien tolerado, como es
el caso de la OAF en el nifio con bronquiolitis, que permitiera realizar su funcion evitando

manipulaciones.

Se hizo una revision bibliografica buscando algun articulo clinico que mencionara alguna
alternativa de nebulizacion incorporada a la OAF y el confort generado con la misma.
Inicialmente no encontramos nada y a los pocos meses se publico el primer trabajo en el que se

combind OAF y nebulizacion de medicacion en pacientes pediatricos.

Los autores de este articulo describieron un serie de 5 pacientes del departamento de
urgencias con bronquiolitis en los que nebulizaron salbutamol mediante un nebulizador
ultrasénico Aerogen Solo colocado en el asa humeda a la salida del humidificador (MR850) del
sistema de OAF (Fisher & Paykel Healthcare, Auckland, New Zealand) (91). Se comparo¢ el
efecto clinico midiendo la frecuencia cardiacay la escala de gravedad antes, durante y después
de cada nebulizacion con un nebulizador tipo jet con mascarilla facial y un nebulizador Aerogen
Solo incorporado a OAF. Encontraron que las puntuaciones de gravedad no variaron
atendiendo al sistema de nebulizaciéon empleado, mientras que la frecuencia cardiaca aumento
mas al nebulizar el broncodilatador con el sistema incorporado a la OAF. Este incremento de la
frecuencia cardiaca, sin asociar alteraciones de otras variables como la TA o la saturacion
periférica de oxigeno, se interpretd como un mayor efecto del farmaco. Ademas, hallaron que
con el sistema de nebulizacion incorporado a OAF, los padres no tenian que sujetar a los
pacientes para sujetar la mascarilla, la agitacion era menor e incluso los pacientes eran capaces
de dormir mientras se les nebulizaba. El trabajo no dejaba de ser una serie de casos y
presentaba algunas limitaciones como la posicion del nebulizador en el asa humeda, la

ausencia de un registro validado del grado de confort o de la satisfaccion percibida, entre otras.
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1.2.3. Herramientas para medir el confort

A diferencia de lo que ha pasado en décadas previas, existe un incremento de la
concienciacion entre médicos y enfermeras de que el dolor en el paciente pediatrico debe ser
prevenido y tratado. Como resultado de este interés se han incorporado multiples instrumentos
como parte de los cuidados diarios de estos pacientes (92). En el caso de las UCIP, evaluar el

confort en el paciente pediatrico critico es uno de los retos mas dificiles del personal sanitario

(93)-

Las practicas continuas que implican dolor y distrés en los primeros afios de vida dan lugar
a una repercusion a largo plazo en el comportamiento del nifio como ansiedad o miedo.
Ademas, la propia experiencia de dolor da lugar a alteraciones metabdlicas, hormonales y

hemodinamicas (94)(95).

Hyun-Seung et al. en su estudio de casos control realizado en lactantes de una UCIP de
Seoul, demostraron que un protocolo de confort redujo el tiempo de ventilacion mecanica, la
estancia en UCIP, la necesidad de medicacion sedante y consecuentemente los efectos

farmacoldgicos de la misma (93).

Por lo tanto, parece que es necesario disponer de herramientas validadas para poder
diagnosticar la presencia o ausencia de confort en nuestros pacientes, asi como evaluar el grado

de éste y actuar acorde a ello.

La literatura refleja tres métodos para evaluar la intensidad del dolor o disconfort en los

nifios: autoevaluacion, observacional o del comportamiento, y fisioldgico (96) (Figura 4).
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Figura 4. Métodos evaluacién del dolor o disconfort en poblacién pediatrica.

Las dos primeras se realizan mediante las escalas clinicas, de autoevaluacion o escalas de
comportamiento. Los parametros fisioldgicos en los nifios, como la frecuencia cardiaca, la
saturacion de oxigeno, la presion arterial o la frecuencia respiratoria, han demostrado que no
son los suficientemente sensibles ni especificos (97). De ahi, la aparicion en los Ultimos afos de
nuevas herramientas cuyo objetivo ideal es la monitorizacion continua, no invasiva y fiable, del

dolor del paciente pediatrico.

1.2.3.1 Escalas clinicas

El “gold standard” para medir el confort del paciente es conocer su propia percepcion.
Generalmente esto se realiza mediante escalas de autoevaluacion como la escala analdgica
visual (VAS, del inglés visual analogue scale) o escalas numéricas (NRS, del inglés numeric rating

scale en inglés) (98)(99). Sin embargo, estas herramientas carecen de sentido en pacientes que
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no hablen, como es el caso de los nifios mas pequeiios. En estos casos, los profesionales

sanitarios se basan en la observacion de parametros fisioldgicos y en las respuestas del

comportamiento. Con este objetivo se han desarrollado en las dos Ultimas décadas distintas

escalas clinicas (100) (Tabla 1).

Tabla 1. Escalas clinicas validadas recomendadas en el paciente critico pediatrico.

Faces Legs Multidimensional
COMFORT behavior Activity Cry .
o Assessment of Pain Scale
scale (CBS) (101) Consolability (MAPS) (103)
(FLACC)(202) 3
Rango edad 0-3 anos 0-7 afos 0-31 meses

Variables evaluadas

Puntos por variable

Puntuacion total

Interpretacion
dolor-disconfort

Punto de corte

Datos fiabilidad

Grado evidencia

Estado de alerta
Agitacion
Respuesta respiratoria o
llanto
Movimientos fisicos
Tono muscular.
Tension facial
1-5 puntos

6-30

6 Maximo confort
30 Minimo confort

>17 dolor

NA

A

Expresion facial
Movimientos
piernas
Actividad
Llanto
Consolabilidad

0-2 puntos
0-10
1-3 Leve

4-6 Moderado
6-10 Grave

NA

A

Signos vitales FC y/o FR

Patron respiratorio
Expresion facial
Movimientos cuerpo
Estado de animo

0-2 puntos

0-10

o No dolor
10 Maximo dolor

NA

A

Las variables de las escalas clinicas se han traducido al espafiol para facilitar su compresion.

Recientemente se ha publicado una revision bibliografica centrada en la investigacion del

término confort y su contextualizacion en la atencion del paciente pediatrico critico. En este

mismo trabajo los autores sefalan dos Unicas escalas validadas y fiables para evaluar el confort:

Comfort Scale y Comfort Behavior Scale (CBS) (104).
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La principal diferencia entre ambas radica en que en la Ultima no se incluyen los dos
parametros fisicos que se miden en la original: tensidn arterial media y frecuencia cardiaca. Esto
se debe al hecho de que Van Dijk afirma que los parametros fisicos pueden, en una unidad de
criticos, verse afectados por diferentes motivos, entre los que se apunta, sobre todo, las drogas
o medicacion (105). Valora 6 items del comportamiento del lactante con una puntuacionde1a
5 cada uno de ellos, siendo 30 la puntuacidon mas alta que se traduce en el maximo disconfort y
6 la mas baja, maximo confort. Entre sus ventajas destaca su validez para un amplio grupo de
edad, incluidos nifios en respiracion espontanea y su facilidad de uso en la practica clinica (106).
Ademas mide parametros, como el tono muscular o el nivel de agitacion, considerados
importantes en el cuidado del paciente pediatrico ingresado en UCIP (93). Por todo ello, la
escala CBS se ha consolidado en los Ultimos anos como una herramienta fundamental y

validada en la medicion del dolor del paciente pediatrico critico (107).

La opinion experta de un profesional puede ser considerada como “silver standard”
cuando carecemos de una herramienta “gold standard”, como es nuestro caso. Por este motivo
la comparacion entre una escala y la opinion experta es un practica comun en la validacion de

escalas (108).

La satisfaccion familiar ha ganado interés como indicador importante en los cuidados
médicos y en la evaluacion de la calidad de dichos cuidados (109). Ya en 1987 Ross et al. sefalo
la calidad del resultado o del producto como una de las medidas usadas para conocer la
satisfaccion, entendiendo como calidad la reduccion de un sintomay, en la medida en que el
paciente percibe una mejora o considera que el producto es bueno, se presume que el paciente
estd satisfecho (110). Evaluar la satisfaccion es una actividad compleja dado la multitud de
aspectos potenciales asociados a ella(111)(112), y este hecho, al igual que pasa con el confort
previamente comentado, se hace mas dificil en el nifio con bronquiolitis que no se puede
expresar verbalmente. Una forma directa de evaluar esta compleja variable es mediante escalas

numeéericas.
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1.2.3.2. Otras herramientas para medir confort. Monitorizacidn con sistema NIPE

Como hemos sefialado en el apartado anterior, el método mas empleado para analizar el
confort en la poblacidn pediatrica son las escalas clinicas realizadas por un agente externo,
familiar o personal sanitario. Independientemente de la herramienta que escojamos, la
percepcion del dolor pediatrica es compleja y no esta exenta de potenciales sesgos fisioldgicos
y del comportamiento (113)(114), incluida la limitacidn de la experiencia del examinador. Por

estos motivos, un monitor independiente y continuo podria ser de gran ayuda (115).

En los Ultimos afos han aparecido nuevas técnicas al alcance del médico cuyo objetivo es
facilitar, de una manera eficaz, el estado de confort del nifio. Algunas de ellas son las técnicas
de neurofisiologia (116)(117), la conductancia de la piel (2118)(119), la fotopletismografia(120) o

el cortisol en saliva (121).

La Asociacion de Pediatria de Anestesia reconoce que es necesario mas de una
herramienta para evaluar el dolor porque no hay ningun sistema que de forma individual sea
apropiado para todos los nifios en todos los contextos (122). Y es precisamente en esta

especialidad médica donde se han desarrollado mas herramientas con este objetivo (123).

Uno de los campos mas estudiados ha sido el papel del sistema nervioso autonomo en el
dolor y su interaccion con el sistema nervioso central de forma que la actividad del sistema

autonomo puede reflejar la intensidad del dolor (124)(125).

NIPE (Newborn Infant Parasympathetic Evaluation)

El sistema NIPE es una herramienta validada no invasiva en pacientes hasta los 2 afios de
edad basada en el analisis de la variabilidad respiratoria en la frecuencia cardiaca que reflejan
cambios del tono parasimpatico (126). Este tipo de monitorizacion se basa en que estimulos

nocivos pueden dar lugar a alteraciones del equilibrio simpatico-vagal (127), correlacionandose
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un tono parasimpatico elevado con la comodidad o con una situacion de bienestar. El monitor
NIPE indica un valor de la actividad del componente parasimpatico comprendido entre oy 100,

es decir, cuanto mas alto es el indice NIPE, mayor es el bienestar del paciente.

La tecnologia NIPE presenta por lo tanto las siguientes ventajas:

- Medicidn continua y no invasiva. Sin electrodos adicionales y analisis en tiempo real.

- Facilidad de interpretacion. Escala comprendida entre o y 100 (cuanto mas elevado es el

indice mejor se encuentra el paciente).

- Evaluacion de la comodidad y del malestar. Permite optimizar las condiciones del

entorno: ruido, luz, posicion, eleccion de la mascara de CPAP, etc. (128)(129).

- Evaluacion del dolor prolongado mediante el indice NIPEm (NIPE medio) (130).

- Evaluacion del dolor agudo mediante el indice NIPEi (NIPE instantaneo). Permite adaptar

la analgesia medicamentosa antes de un gesto potencialmente doloroso o estresante.

Interpretacion del NIPE

EINIPEm (NIPE medio) se representa por el valor azul en la parte superior derechay por la
curva azul situada en el centro de la pantalla. Este indice es relativo a la comodidad global y al
dolor prolongado. El objetivo es mantener la curva azul por encima del valor 5o. Por debajo de

este umbral, consideramos que el nifio esta en situacion dolorosa o de malestar (Figura 5A).

El NIPEi (NIPE instantaneo) se corresponde con las secuencias rojas de la pantalla
principal. El NIPEi se utiliza para la evaluacion del dolor agudo durante la realizacion de los
cuidados. Permitird establecer una cartografia de los gestos dolorosos y adaptar los cuidados
en funcion de ellos. La interpretacidon es la misma que para el NIPEm, por debajo de 50
consideramos que el gesto o el cuidado es doloroso o estresante para el nifio (Figura 5Ay Figura

5B).
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Figura 5. Imagen de pantalla principal donde se representan valores de NIPEm en color azul en
margen superior derechoy las secuencias rojas correspondientes a NIPEi (5A). Imagen obtenida

tras seleccionar NIPE instantaneo obteniendo el valor NIPEi en dicho momento (5B).

1.2.4 Relevancia de los familiares

Los familiares o acompanantes juegan un papel fundamental en el confort del paciente

pediatrico.

Una de las personas que mas ha estudiado en profundidad el confort en el paciente
ingresado es la gerontdloga Katherine Kolcaba, autora de Comfort Theory. En su teoria definio
el confort como la experiencia inmediata y holistica de la persona de fortalecerse cuando se
abordan las necesidades para tres tipos de confort: alivio, tranquilidad y trascendencia.
Ademas, resaltd la importancia de los contextos donde este confort se puede aplicar: fisico,
psicoespiritual, ambiental y social (131). Mientras que los tres primeros podemos analizarlos
mediante las herramientas de confort que ya hemos visto, la esfera sociocultural implica la

participacion de la familia.
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En esta Ultima linea de trabajo se centra uno de los objetivos de los Cuidados centrados
en el paciente y en la familia (CCPF). En Espaia la cultura de apertura y participacion de los
padres en el cuidado del paciente hospitalizado ha ido evolucionando mas lentamente que en
otros paises, especialmente en las UCIP. Han sido trascendentales para ello el “Plan de
Humanizacion Hospitalaria” publicado en 1984 y el documento del ministerio de Sanidad
“Impulsary Armonizar la Humanizacién de la Asistencia en las Unidades de Cuidados Intensivos
Pediatricos y Neonatales del Sistema Nacional de Salud” publicado en 2013. En este documento
se exponen los beneficios de la implicacion de los padres en el cuidado de sus hijos durante el
ingreso hospitalario, como por ejemplo la disminucion del grado de ansiedad del nifio, la mejora

del grado de satisfaccion de su experiencia en la UCl y la relacion con los profesionales (132).

Por este motivo seria deseable que cualquier proyecto sobre estrategias terapéuticas en
la bronquiolitis, incorporase en su evaluacion la valoracion por parte de los padres del confort y

satisfaccion de su hijo.

Nuestra UCIP es una unidad abierta donde los padres o acompanantes del paciente
pueden estar las 24 horas del dia. En los Ultimos afios hemos ido incorporando su presencia en
la realizacion de medidas invasivas en las que antes solicitdbamos que no estuvieran presentes
y de forma mas reciente estamos intentando incorporar a los propios padres en algunas de las

medidas centradas en el cuidado de sus hijos.
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1.3. Tamano de particula nebulizada

Aunque a través de este proyecto quisimos establecer el confort como objetivo central en
el abordaje terapéutico de la bronquiolitis, era importante no perder de vista que cualquier

estrategia a plantear debia ser eficaz en las condiciones reales del paciente.

1.3.1. Importancia del tamario de particula

El depdsito de las particulas inhaladas depende principalmente del mecanismo inercial, la
sedimentacion gravitacional y la difusion browniana. El primero de ellos es el factor que mas
influye y es el resultado de la incapacidad de las particulas para seguir cambios repentinos en la
direccion del gas depositandose aquellas que son mayores de 5 pm de diametro. La
sedimentacion gravitacional establece el punto de corte en particulas entre 1-8 um y la difusion
browniana en menores de 0.5 um (233). Por lo tanto, el tamario de particula es el factor esencial
para conocer la eficacia de un nebulizador, sabiendo que las particulas de mayor tamafio no
llegan al arbol bronquial y las particulas muy pequenas son exhaladas sin llegar a depositarse

en los pulmones (134)(135).

1.3.2. Laser de Difraccion

El Laser de Difraccion es una herramienta validada para medir los aerosoles generados
por un nebulizador (136). Un instrumento de estas caracteristicas consiste en: un laser como
fuente de luz con una longitud de onda fijada; una fuente de luz azul adicional de 466 nm de
longitud de onda, que proporciona un incremento extraordinario de la resolucion; un tubo
fotomultiplicador para la técnica de espectroscopia de correlacion fotdnica usada para el rango

entre 1nmy 1 um y un detector apropiado.
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Su método se basa en el hecho de que “el dngulo de difraccion es inversamente
proporcional al tamafio de la particula”. Es decir, que mide la intensidad angular de la luz

dispersada por el aerosol a medida que pasa a través de un rayo laser (Figura 6).

Figura 6. Sistema de difraccion laser, Malvern Spraytec (Malvern Instruments Ltd., Malvern,
UK), utilizado para la determinacion de la distribucion de diametro de gota del aerosol a la

salida de la canula nasal.

El uso del laser de difraccidn se ha incrementado dada la rapidez en el analisis de los
datos, su reproducibilidad y su habilidad para estratificar los distintos tamanos, condiciones

todas ellas requeridas para conocer el verdadero depdsito pulmonar de la particula nebulizada (137).

Los calculos del tamafio de particula se realizan a partir de un algoritmo patentado de
dispersion multiple. El sistema dispone de un software disefiado para proporcionar de forma
continua informacion de la distribucion del tamano de particula y las distintas propiedades de

dicha distribucion (por ejemplo, D50, Dgo, Span, etc.) en intervalos de 1 6 2 segundos.

Los resultados que aporta representan una distribucion en términos de volumen, a
diferencia del “Mass Median Aerodynamic Diameter (MMAD)"” proporcionado por el
Impactador de Cascada, otro sistema de medida empleado en estos casos. Es posible

correlacionarlas resultados de ambos si la densidad del farmaco nebulizado es 1 g/ml (138)(237).
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1.3.3. Oxigenoterapia de alto flujo y nebulizacion

La buena tolerancia de la OAF y el incremento de su uso hospitalario, especialmente en el
paciente pediatrico, ha hecho que el personal sanitario nos planteemos la posibilidad de

nebulizar a través del mismo, evitando la interrupcion del soporte respiratorio (139).

Como recogen en su trabajo Dugernier et al, la OAF presenta tres principales barreras
tedricas para la entrega del aerosol en los pulmones (140). La primera es que la
administracion del aerosol a través de las canulas nasales aumenta el deposito en la via aérea
superior en comparacion con la inhalacion oral (141), sin embargo en los nifios pequefios, como
es nuestro caso, predominantemente o exclusivamente son respiradores nasales, por lo que
esta limitacidon podria no ser tan relevante como en los adultos (65). La segunda barrera es que
el aumento del flujo aumenta la velocidad y por consiguiente se incrementa el riesgo de
impactacion de las particulas nebulizadas en la via aérea superior (142)(243). Las guias de
aerosolterapia recomiendan inhalaciones < 30 L/min (144). El flujo empleado en la OAF en la
poblacion pediatrica es entre 1-2 L/kg y la media de peso de los pacientes incluidos en nuestro
trabajo y en otras series de pacientes con bronquiolitis ingresados en UCIP es entre 4 y 5kg
(145)(146). Por lo tanto, esta barrera tampoco parece que sea aplicable en nuestro proyecto.
Por Ultimo, esta descrito que la adicion de gas humidificado al aerosol tiene un impacto sobre
la particula nebulizada, incrementando el tamaifo de la misma(147) . En el trabajo que
realizamos las condiciones experimentales se hicieron asemejando las condiciones clinicas, con
una humedad del 100%, por lo que tampoco seria una limitacion para emplear el sistema de

nebulizacion propuesto.

En los Ultimos afios se han publicado varios trabajos en los que se busca la eficacia in vitro

de esta opcion terapéutica (Tabla 2).
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Tabla 2. Estudios experimentales de nebulizacion en OAF en poblacion pediatrica.

Variables
analizadas

Disefo estudio

Resultados principales

Conclusiones

Bhashya  Cantidad nebulizada = Nebulizador: NMV tras Cantidad final: 8%—27%. Los aerosoles pueden ser
metal. - gammagrafia. humidificador. Tamafo de particula: administrados de forma
2.008 Tamafio particula- Flujo OAF 3 L/min 2,2 +.0,2 um con canula  eficaz a través de un
(148) laser difraccion. Céanula nasal: adultay 1,9+ 0,3 um sistema de OAF, siendo
pediatricas y adultas. con canula pediatrica. precisos mas estudios para
Farmaco: ------ determinar si también lo
son a nivel pulmonar.
Arietal. Cantidad nebulizada = Nebulizador: NMV pre- | Cantidad final: 11% con | La reduccion del flujo de 6 a
2.011(149) = -espectrofotometria | humidificador. OAF 3 L/min; 5% con 3 L/min hace que se
Flujo OAF 3y 6 L/min OAF 6 L/min y oxigeno; | duplique la cantidad de
(oxigeno puro y heliox). | 2 % con OAF 6 L/miny farmaco nebulizado para
Canula nasal: heliox. ambos gases. A un flujo de
pediatrica. 6L/min el depésito con
Farmaco: salbutamol heliox es el doble que con
oxigeno.
Perry et Cantidad nebulizada = Nebulizador: NMV Cantidad final: 0,2%- La cantidad de farmaco
al. - espectrometria previo cdnula nasal. 2,5%. Flujos mayores en = nebulizado mediante NMV
2.013(1500 Tamarno de Flujo OAF (Vapotherm):  la OAF y tamafios (Vapotherm) fue menor
particula - 5, 10, 20 and 40 L/min. menores de la cdnula se = que la esperada para una
impactador de Cénula nasal: adulto y asociaron con menor respuesta clinica para la
cascada. pediatrica. cantidad. mavyoria de los flujos y
Farmaco: salbutamol Tamafio de particula en = cdnulas nasales. Son
todos los casos fue precisos mas estudios para
menor de 5 um recomendar el uso de la
aerosolterapia de
salbutamol a través de OAF
tipo Vapotherm.
Sunbul et | Cantidad Nebulizador: NMV pre- | Cantidad final: 0,9%— Es posible la administracién
al. nebulizada- humifidificador; NMV 1,3% NMV previo de aerosol en los 3 soportes
2.015(151) = espectrofotometria. = previo canula nasal. humifidificador mas respiratorios (OAF, BIPAP y
Modelo anatémico Flujo OAF: 3 L/min eficaz. CPAP), siendo relevante la
de recién nacido Céanula nasal: posicion del nebulizador.
prematuro. prematuro.
Farmaco: salbutamol
Réminiac = Cantidad nebulizada = Nebulizador: Tipo jet Cantidad final: 0.09%— NMV en OAF a un flujo
etal. — gammagrafia. previo humifidificador; 0.85% (pulmones hasta 4 L/min es tan eficaz
2.017(152) Tamario de NMV previo macaco); 0,5%-1,7% como el nebulizador tipo
particula - laser de humifidificador; Tipo (modelo anatémico). jet con mascarilla facial.
difraccion. jet-mascarilla facial. Cantidad mayor cuanto A mayor flujo de OAF

Modelo animal
(macaco) y modelo
anatémico humano.

Flujo OAF: 2,4y 8 L/min
Canula nasal: neonatal.
Farmaco: ------

menor flujo de OAF.
Cantidad mucho menor
si se coloca la mascarilla
del nebulizador tipo jet
por encima de las
canulas nasales de OAF.
Tamafo de particula:
1,05-1,43 pum para
todos los nebulizadores
(mayor cuanto mayor
flujo de OAF)

mayor tamafo de particula.
La colocacidon de una
mascarilla facial por encima
de la canula nasal o el
nebulizador tipo jet
incorporado en el circuito
de OAF son menos
efectivos.

NMV: nebulizador membrana vibrante; OAF: oxigenoterapia alto flujo; BIPAP: sistema de presion con 2
niveles; CPAP: presion continua positiva en la via respiratoria. Tabla adaptada del articulo de Dugernier et

al Nebulization for Lung Drug Delivery: Theoretical, Experimental, and Clinical Application (140)
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PROYECTO SiNeOAF

(Sistema nebulizacion integrado en oxigenoterapia alto flujo)
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2. PROYECTO SiNeOAF (sistema nebulizacion integrado en oxigenoterapia alto flujo)

2.1 Motivacion y justificacion

Como se ha explicado, dos pilares fundamentales en la asistencia médica de la
bronquiolitis lo constituyen el soporte respiratorio y el confort del paciente. Ambos ademas
interaccionan entre si influyendo en el curso de la enfermedad. Esto es asi tanto por el efecto
del confort per sé, como por el beneficio que el confort podria tener en la eficacia de los
farmacos nebulizados (ver apartado 1.2.2.). Esta afirmacion, aunque sensata y ldgica, no esta
demostrada, si bien su importancia es clave ya que podria explicar por qué las terapias
nebulizadas en esta enfermedad no se muestran consistentemente eficaces en los estudios que

se vienen realizando desde hace afios.

Dada la tendencia actual a utilizar el sistema OAF como soporte respiratorio, planteamos
la hipotesis que la administracion de nebulizaciones sin interrumpir la OAF, evitando el
disconfort del paciente, podria influir favorablemente en el curso de la enfermedad. Sin
embargo, antes de introducirnos en términos de “eficacia clinica”, debemos en primer lugar
comprobar que la nebulizacion a través de este sistema OAF “es posible”, y que es como
sugerimos, “mas confortable”. Ambas cuestiones son las que se han desarrollado en este

proyecto de investigacion.

El primer punto sobre si el sistema “es posible” refleja la incertidumbre de si la alternativa
propuesta permite que los farmacos nebulizados lleguen de forma adecuada al paciente. Para
ello debiamos estudiar la eficacia in vitro traducida en tamaiio de la particula nebulizada con
las condiciones mas similares a la practica clinica habitual. Esto nos permitiria responder a
varias cuestiones, entre ellas, qué flujo debia utilizarse, en qué posicion del sistema debia

colocarse el nebulizador, o qué tamario de canula nasal utilizar en el paciente.
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Para poder llevar a cabo a cabo este proyecto fue fundamental la colaboracion y
experiencia del grupo de investigacion "Biotecnologia Industrial y Medioambiental" (BIOIND)
del area de Ingenieria Quimica de la Universidad de Burgos. Su participacion fue clave en el
desarrollo del trabajo, desde la adquisicion del laser de difraccion hasta la interpretacion de los

resultados.

En referencia al sequndo punto sobre si el sistema era “*mas confortable” que el sistema
convencional de nebulizacion con jet y mascarilla, se planteaba como medir este confort y

quiénes debian hacerlo, el personal sanitario y/o los familiares.

Para evaluar el confort empleamos escalas clinicas. Al igual que hicieron autores
anteriores en trabajos centrados en la validacion de la escala CBS(107)(92), nosotros escogimos
la escala VAS y NRS para comparar entre la escala CBS y el juicio clinico del personal sanitario,
dado que se trata de instrumentos observacionales que reflejan tanto la intensidad del dolor
como la opinion experta de la enfermeria y su conocimiento del paciente (105). La escala VAS
se representd mediante una linea horizontal de 20 cm en la que el extremo izquierdo represento
la ausencia de confort y el derecho el maximo confort. La escala NRS evalta el dolor con una
representacion numeérica de o a 10 puntos (153). Con el objetivo de integrar este estudio en la
practica clinica habitual, empleamos la escala NRSc (confort medido con la escala NRS) que ya

se usaba en nuestra unidad, en la que “0” representa ausencia de confort y “10” maximo confort

(Figura 7).
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Original ~ Nopain < P Worst pain
imaginable

Visual Analogue Scale
(VAS)
Puntda del 0 al 10, considerando 0 ausencia confort y 10 maximo confort. Puntuacién

Adaptacion
Confort & » 0-10
< »
Ausencia Méximo \:’
Original 0 1 2 3 4 5 6 7 8 9 10
No pain Worst pain imaginable
Numeric Rating Scale
(NRS) y
Puntuacion
Adaptacion , . . -
Punttia del 0 al 10, considerando 0 ausencia confort y 10 maximo confort 0-10

Confort

[]

Figura 7. Escalas clinicas Visual analogue scale (VAS) y Numeric rating scale (NRS) en su version

original y sus correspondientes adaptaciones para el proyecto.

Ademas de la puntuacion de cada escala empleamos puntos de corte validados. Valores
de la escala CBS entre 17y 30 sugieren dolor o disconfort. Estas puntuaciones, en combinacion
con valores en la escala NRS de 4 0 mas, en nuestro caso NRSc 6 o menos, sugieren dolor y

requieren una intervencion acorde a los protocolos de dolor y sedacion de cada hospital

(92)(154)(155).

Ademas del confort quisimos evaluar el grado de satisfaccion. En nuestro caso
empleamos una escala numérica (NRSs, satisfaccion medida con escala NRS) en la que se valoro

de 0 a 4 el grado de satisfaccion percibido.

La evaluacion del confort de ambos sistemas de nebulizacion por parte de los familiares
la realizamos incluyendo la participacion de los acompafantes. Estos registraron, en cada
nebulizacion y de forma paralela al personal sanitario, el grado de confort y satisfaccion

empleando las mismas escalas clinicas (Figura 8).

33



Nombre y apellidos:

HOJA TABLA FAMILIARES

NHC:
Fecha: Previo-Neb, | S, CONFORT-B: + + + + + i_____ptos; S.NRS: _____ ptos
Mascarilla
Nebulizacion. |S. CONFORT-B: + + + + + i ptos; S.NRS: ____ ptos
Tras laNeb. |S. CONFORT-B: + + + + + ’ ptos;  S.NRS: ptos
Hora: NO Mascarilla
Grado satisfaccion (1Nada->4Muy satisfecho) | Para el nifio: Para usted:
Fecha: Previo-Neb. |S. CONFORT-B: + + + + + i_____ptos; S.NRS: _ptos
Mascarilla
Nebulizacion, |S. CONFORT-B: + + + + + i ptos; S.NRS: ____ ptos
Tras laNeb. |S. CONFORT-B: + + + + + i____ptos; S.NRS: ____ ptos
Hora: NO Mascarilla
Grado satisfaccion (LNada->4Muy satisfecho) | Para el nifio: Para usted:
Fecha; Previo-Neb, | S, CONFORT-B: + + + + + i_____ptos; S.NRS: _____ ptos
Mascarilla .
Nebulizacion, |S. CONFORT-B: + + + + + i_____ptos; S.NRS: _____ ptos
TraslaNeb, |S, CONFORT-B: + + + + + i_____ptos; S.NRS: ____ ptos
Hora: NO Mascarilla
Grado satisfaccion (1Nada->4Muy satisfecho) | Para el nifio: Para usted:

Figura 8. Imagen de la tabla donde los padres registraban el confort y satisfaccion percibida en

cada nebulizaciéon administrada a su hijo, de forma paralela al registro que hacia la enfermeria.

Los resultados de nuestro estudio revelan que los padres o acompanantes, pueden ser
capaces, con la adecuada instruccion y motivacion, de identificar situaciones de estrés o
disconfort. De hecho, es en este colectivo donde las escalas obtuvieron mayores diferencias de
confort percibidas entre ambos nebulizadores. Estos datos van en consonancia de los

beneficios de CCPF apoyando el papely la participacion de los padres en el cuidado de sus hijos

(156)(257).

Con todo, planteamos la siguiente hipotesis con los objetivos y resultados que se detallan

en el siguiente apartado.

“El tratamiento nebulizado a través de la oxigenoterapia de alto flujo es, al menos, igual
o mas eficaz que hacerlo a través del sistema convencional en términos de tamafo de
particula del farmaco nebulizado, y lo hace de una forma mads confortable percibido por el

personal sanitario y los familiares”.
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2.2 Hipdtesis-Objetivos-Resultados

2.2.1. Eficacia in vitro del sistema de nebulizacion integrado en OAF

Hipdtesis

El tratamiento nebulizado a través de la oxigenoterapia de alto flujo es al menos igual o
mas eficaz que al hacerlo a través del sistema convencional en términos de tamafio de particula

del farmaco nebulizado.

Objetivo/s

Realizar un estudio experimental para comparar el tamafio de particula generada
mediante la nebulizacidon de un sistema integrado en la OAF frente al nebulizador tradicional
tipo jet con mascarilla en distintos escenarios simulando las condiciones en la practica clinica
atendiendo a: 1) farmaco nebulizado, 2) posicion del nebulizador en el sistema, 3) flujo de aire

en el circuito y 4) canulas aplicadas sobre el paciente.
Publicaciones

Valencia-Ramos J., Arnaez J., Benito JM., Miras A., Ochoa C., Beltran S. A comparative in
vitro study of standard facemask jet nebulization and high-flow nebulization in bronchiolitis.

Exp Lung Res. 2019 Feb - Mar;45(1-2):13-21. PubMed PMID: 31007091.

Factor de impacto: 1,568. Cuartil: Q3 (Respiratory System)
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Valencia-Ramos%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arnaez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benito%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mir%C3%A1s%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ochoa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beltr%C3%A1n%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31007091
https://www.ncbi.nlm.nih.gov/pubmed/31007091

2.2.2. Confort del sistema de nebulizacidn integrado en OAF

Hipdtesis

El tratamiento nebulizado a través de la oxigenoterapia de alto flujo es mas confortable
que al hacerlo a través del sistema de nebulizacion convencional tanto cuando lo valoran los

profesionales sanitarios como los familiares.

Figura 9. Imagenes del nebulizador tipo jet conectado con mascarilla (izquierda) y el
nebulizador ultrasonico incorporado en la rama seca (derecha) en un lactante que esta con

oxigenoterapia de alto flujo. Escanee el codigo QR para visualizar el video explicativo.

Objetivo

Realizar un estudio clinico para evaluar el confort y la satisfaccion en pacientes con
bronquiolitis al comparar la nebulizacion realizada con un sistema de nebulizacion integrado en

la oxigenoterapia de alto flujo y un nebulizador convencional tipo jet con mascarilla facial.
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La evaluacion del confort y satisfaccion se realizaria de las siguientes formas:

1. Clinica a través de la escala clinicas: COMFORT Behavior Scale (CBS), Visual Analogue
Scale (VAS) y Numeric Rating Scale (NRS):

a. Evaluaciones realizadas por personal de enfermeria.

b. Evaluaciones realizadas por familiares acompafantes.

2. Fisioldgica a través del sistema de monitorizacion NIPE basado en el sistema nervioso

parasimpatico.

Ademas, se analizaran otras variables que pueden verse influenciadas ante cambios en el
confort como la frecuencia cardiaca, la escala de gravedad de la propia bronquiolitis, la

necesidad de sedacion, la pauta de alimentacion...etc.

Publicaciones

1. Valencia-Ramos J., Miras A., Cilla A., Ochoa C., Arnaez J. Incorporating a Nebulizer
System Into High-Flow Nasal Cannula Improves Comfort in Infants With Bronchiolitis. Respir
Care. 2018 Jul;63(7):886-893. PubMed PMID: 29844209.

Factor de impacto: 1,736. Cuartil: Q2 (Clinical Medicine).

2. Valencia-Ramos J., Arnaez J., Calvo S., Gomez F., Del Blanco I. Observational study of
newborn infant parasympathetic evaluation as a comfort system in awake patients admitted to
a pediatricintensive care unit. J Clin Monit Comput. 2019 Feb 5. doi: 10.1007/510877-019-00268-
1. [Epub ahead of print]. PubMed PMID: 30721390.

Factor de impacto: 2,179. Cuartil: Q3 (Anesthesiology and Pain Medicine).

3. Valencia-Ramos J., Ochoa C., Garcia M., Oyaguez P., Arndez J. Impact of nebulizer
integrated into HNFC (NHF) compared with a jet nebulizer on patient comfort and satisfaction

in bronchiolitis. (sent for publication Pediatric Pulmonology)
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https://www.ncbi.nlm.nih.gov/pubmed/30721390

2.3 Publicaciones

En la tabla 3 se muestran las publicaciones obtenidas acorde al orden cronoldgico y del

disefio original del proyecto.

Tabla 3. Journal Citation Report (JCR) y otras métricas adicionales de los articulos publicados

obtenidas a través de la Fundacion Espafiola para la Ciencia y Tecnologia (FECYT) 2018.

Valencia-Ramos J., Arnaez

J., Benito JM., Mirds A.,

Ochoa C., Beltran S. A

comparative in vitro study of

standard facemask jet

nebulization and high-flow

nebulization in bronchiolitis.

Exp Lung Res. 2019 Feb -

Mar;45(1-2):13-21.

Valencia-Ramos J., Mirds
A., Cilla A., Ochoa C.,
Arnaez J. Incorporating a
Nebulizer System Into
High-Flow Nasal Cannula
Improves Comfort in
Infants With Bronchiolitis.
Respir Care. 2018

Jul;63(7):886-893.

Valencia-Ramos J., Arnaez J.,
Calvo S., Gomez F., Del Blanco
I. Observational study of
newborn infant
parasympathetic evaluation as
a comfort system in awake
patients admitted to a pediatric
intensive care unit. J Clin Monit

Comput. 2019 Feb 5.

Journal

ISO_Abbrev
ISSN
Country
Category
description
Impact factor
5 Years impact
factor

Category ranking

Experimental Lung
Research
Exp. Lung Res.
0190-2148

USA

Respiratory System

1.568

1.797

Q3

Respiratory Care

Respir. Care
0020-1324

USA

Clinical Medicine

1.736

2.153

Journal of Clinical Monitoring
and Computing.

J. Clin. Monitor. Comp.
1387-1307
GERMANY

Anesthesiology /
Pain Medicine

2.179

1.935

Q3
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Factor de impacto: 1,736. Cuartil: Q2 (Clinical Medicine).

Resumen:

Antecedentes. La oxigenoterapia de alto flujo (HFNC, por sus siglas en inglés) se usa cada
vez mas en el soporte respiratorio en lactantes con bronquiolitis. La administracion de
aerosolterapia a través de un nebulizador tipo jet esta ampliamente indicado a pesar de su

controvertida eficacia y su baja tolerancia.

Método. Este estudio cruzado y randomizado tuvo como objetivo evaluar el confort y
satisfaccion de la administracion de aerosoles empleando un nebulizador integrado en la HFNC
comparado con la practica convencional, en la que se usa un nebulizador tipo jet con mascarilla
facial. La escala COMFORT-Behaviour (COMFORT-B), una escala analdgica visual y una escala
numérica, fueron empleadas por el personal sanitario y familiares para evaluar el grado de

confort y satisfaccion de los sujetos.

Resultados. Se administraron un total de 113 nebulizaciones (64 con el nebulizador
integrado en HFNC y 34 con el nebulizador tipo jet) en 6 pacientes incluidos en el estudio. El
empleo del nebulizador en el HFNC mostrd un incremento del confort y satisfaccion durante la
nebulizacion en comparacion con el nebulizador tipo jet, medido con la escala COMFORT-B, la

escala analdgica visual y la escala numérica, con las siguientes puntuaciones medias (rango

39


https://www.ncbi.nlm.nih.gov/pubmed/?term=Valencia-Ramos%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29844209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mir%C3%A1s%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29844209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cilla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29844209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ochoa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29844209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arnaez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29844209
https://www.ncbi.nlm.nih.gov/pubmed/29844209
https://www.ncbi.nlm.nih.gov/pubmed/29844209

intercuartilico): 10,7 (7-16) frente 14,5 (10—-20) (P = 0,006), 8,5 (6—10) frente 7 (4—9) (P = 0,02), y
3,84 (3,61—4,07) frente 1,83 (1,58-2,08) (P < 0,001). El coeficiente de correlacion intraclase para
la escala COMFORT-B, la escala analdgica visual y la escala numérica, medidas por 2

enfermeras distintas, fue entre 0,75y 0,87.

Conclusiones. El uso de un nebulizador incorporado a la terapia de HFNC incrementd el nivel
de confort y satisfaccién en comparacion con el nebulizador convencional tipo jet en pacientes
con bronquiolitis que precisaran soporte con HFNC. Se necesitan mas estudios para determinar

si la aerosolterapia a través de HFNC mejora el curso clinico de esta patologia.
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Incorporating a Nebulizer System Into High-Flow Nasal Cannula

Improves Comfort in Infants With Bronchiolitis
Juan Arnaez MD PhD

BACKGROUND: High-flow nasal cannula (HFNC) is increasingly used to provide respiratory
support in infants with bronchiolitis. The delivery of aerosol therapy through a jet nebulizer is
widely indicated despite its controversial efficacy and poor tolerability. METHODS: This random-
ized cross-over study aimed to evaluate the comfort and satisfaction of the delivery of aerosol
therapy using a nebulization system integrated into HFNC compared with the standard practice of
using a jet nebulizer with a face mask. The COMFORT-Behavior (COMFORT-B) scale, a visnal
analog scale, and a numeric rating scale were used by health professionals and caregivers to assess
subjects’ levels of comfort and satisfaction. RESULTS: A total of 113 nebulizations (64 via nebulizer
with HFNC; 49 via jet nebulizer) were delivered to the 6 subjects included in the study. Use of the
nebulizer with HFNC showed increased comfort and satisfaction during nebulization compared to
use of the jet nebulizer, as measured by the COMFORT-B scale, the visnal analog scale, and the
numeric rating scale, with the following median (interquartile range) scores: 10.7 (7-16) versus 14.5
(10-20) (P = .006), 8.5 (6—10) versus 7 (4-9) (P = .02), and 3.84 (3.61-4.07) versus 1.83 (1.58-2.08)
(P < .001), respectively. Correlation between the COMFORT-B scale and the visnal analog
scale using Spearman’s rho was —0.757 (P < .001). The intraclass correlation coefficient for the
COMFORT-B scale, visual analog scale, and numeric rating scale, as measured by 2 different nurses,
was between 0.75 and 0.87. CONCLUSIONS: The use of a nebulizer incorporated into HFNC therapy
results in an increased level of comfort and satisfaction compared to the use of a conventional jet
nebulizer in subjects with bronchiolitis who required HFNC therapy. Further studies are needed to
determine whether aerosol therapy delivered through HFNC improves the clinical course of this pa-
thology. Key words: high-flow oxygen therapy; nebulization; comfort; bronchiolitis; satisfaction, jet nebulizer.
[Respir Care 2018;63(7):886—893. © 2018 Daedalus Enterprises]
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Introduction

Bronchiolitis is an acute inflammatory injury of the bron-
chioles caused by a viral infection in infants.! It has an
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annual incidence of 7-20% and a hospitalization rate of
3-5%,2* with a mean hospital length of stay of 1.2-8 d.#
This high use of medical care translates into a significant
social and economic impact.>¢

Aerosol therapy in this disease is continually re-evalu-
ated. Nebulization with salbutamol, epinephrine, or 3%
hypertonic saline are used in clinical practice to perform
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initial efficacy tests or to attempt to improve clinical se-
verity.”-!! These drugs are generally administered with a
jet nebulizer connected to a face mask, despite this mo-
dality’s poor tolerability and insufficient particle deposi-
tion in the lungs in many cases.'%!* Cooperation during
administration remains the most important factor for drug
delivery,'* particularly in neonates and small children, in
whom the nasal route for aerosol delivery to the lower
respiratory tract is more efficient than mouth breathing.15-17

The efficacy and safety of oxygen therapy via high-flow
nasal cannula (HFNC) has made it one of the most fre-
quently used respiratory supports in infants with bronchi-
olitis.'® Nevertheless, the use of a jet nebulizer in patients
receiving HFNC requires the discontinuation of respira-
tory support to release the nasal route, as well as frequent
awakening, which often results in the patient’s increased
irritability. Thus, a system to deliver both oxygen and
medication without patient manipulation would reduce dis-
comfort and could favorably affect the course of the dis-
ease. This possibility has not been well studied in vitro!9-2!
and in only one descriptive clinical study.??

We sought to evaluate in a randomized cross-over study
the comfort and satisfaction of the delivery of aerosol
therapy using a nebulization system integrated into HFNC
compared with the standard practice of using a jet nebu-
lizer with a face mask. Comfort and satisfaction were ex-
amined with different validated medical scales and as-
sessed by health personnel and caregivers in children with
bronchiolitis.

Methods

This prospective, randomized, cross-over study included
6 neonatal subjects < 24 months old with bronchiolitis
who received respiratory support with HFNC in March
2016. Two hospitals participated in the study; one was a
secondary hospital where standard low-flow therapy or
HFNC was used as respiratory support, and the other was
a tertiary hospital where HFNC was administered in the
pediatric ICU after initial stabilization with noninvasive
ventilation or invasive ventilation, depending on the se-
verity of the bronchiolitis.

Bronchiolitis was defined as a clinical syndrome that
occurred in children < 2 y old, characterized by upper
respiratory symptoms followed by signs of lower respira-
tory infection with inflammation, resulting in wheezing or
crackles. Each subject’s bronchiolitis scale score (San Juan
de Dios Hospital Bronchiolitis Scale** (0-5 = mild;
6-10 = moderate; 11-16 = severe) was registered at ad-
mission. The study was approved by the clinical research
ethics committee (Comité Etico de Investigacién Clinica
del Area de Salud Burgos y Soria-Ref: 1558).
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QUICK LOOK

Current knowledge

High-flow nasal cannula (HFNC) and aerosol therapy
are part of the treatment for bronchiolitis. A jet nebu-
lizer connected to a face mask is the most frequently
used type of nebulizer, despite controversy over its ef-
ficacy and poor tolerability, which can cause discom-
fort in the child and stress for the whole family.

What this paper contributes to our knowledge
Aerosol therapy with a nebulizer integrated with an
HFNC, compared to a traditional nebulizer, resulted in
increased levels of subject comfort and satisfaction, mea-
sured with validated scales by both health care profes-
sionals and caregivers.

Respiratory Support and Aerosol Therapy

After parental consent was obtained, subjects were ran-
domized by a computer-generated random number list to
begin nebulization with a jet nebulizer or with a nebu-
lizer + HFENC system, alternating the nebulization device
in subsequent medication doses. Support with HFNC was
not removed when placing the jet nebulizer face mask. The
number of nebulizations and the choice of drug (salbuta-
mol, 3% hypertonic saline, or epinephrine) in each subject
depended on the subject’s clinical situation and medical
criteria.

The Optiflow system (MR850 humidifier with RT329 in-
fant heated circuit; Fisher & Paykel, Auckland, New Zea-
land) was used with a neonatal nasal cannula (BC24335, Fisher
& Paykel) for gas flows < 8 L/min or an infant cannula
(BC2755, Fisher & Paykel) for gas flows = 8 L/min.

The nebulizer with HFNC system consisted of a mesh
nebulizer (AeroNeb Solo, Aerogen, Galway, Ireland) con-
nected to the dry side of the MR290 humidifier chamber
(Fisher & Paykel) (Fig. 1A). The standard practice for jet
nebulizer use consisted of a jet nebulizer connected to a
face mask (Cirrus 2 Pediatric, Intersurgical, Wokingham,
United Kingdom) with a gas flow of 8 L/min (Fig.1B). In
case of the jet nebulizer, the final flow was that of the
nebulizer and HFNC.

Comfort Analysis

Comfort and satisfaction were recorded for each nebu-
lization 5 min before nebulization, during, and 5 min after
nebulization by 2 nurses or caregivers (see Appendix 1 in
the supplementary materials at http://www.rcjournal.com).
Comfort was analyzed using the COMFORT-Behavior
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Fig. 1. Nebulizer system in a model with bronchiolitis and high-
flow nasal cannula (HFNC). (A) Mesh nebulizer integrated with
HFNC. (B) Jet nebulizer with a face mask.

(COMFORT-B) scale?* and a visual analog scale.25 The
COMFORT-B scale is scored from 1 to 5, and the total
score is the sum of the 6 behavioral items, with a range of
6 to 30. All nurses underwent previous training through an
accredited course. The visual analog scale is represented
by a horizontal 10-cm line, with “no comfort” on the left
side and “extreme comfort” on the right side. Satisfaction
was measured with a numeric rating scale, which is a
global pain-rating scale that rates pain intensity by number
(0 = no pain, 4 = worst imaginable pain).

One month before starting the study, involved health
personnel received a training course on the different scales
that would be used, as well as the methodology and sched-
ule to be followed.

Other Variables Analyzed

For each nebulization, the following variables were re-
corded: date and time; food intake; analgesia adminis-
tered; physiological variables (ie, heart rate, breathing fre-
quency, oxygen saturation, and Fip ), and HFNC parameters
(ie, air flow and temperature) (see Appendix 1 in the sup-
plementary materials at http://www.rcjournal.com).

Data Analysis

Absolute and relative frequencies were calculated for
each qualitative variable, and the differences based on
nebulization system were identified using chi-square or
Fisher exact test. For quantitative variables, medians and
interquartile ranges (IQRs) were obtained according to neb-
ulization system and time period. Spearman’s coefficient
was used to measure correlation among the different mea-
suring scales, and the intraclass correlation coefficient was
used to evaluate the consistency of the scores obtained by
nursing staff. Nonparametric testing (Mann-Whitney U test)
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was used to compare both nebulization systems in each
time period. Repeated measures analysis of variance
(ANOVA) was performed to determine the existence of
differences due to the nebulization system used in relation
to each subject’s comfort scores, severity scores, and du-
ration of hospital stay. With repeated measures ANOVA,
it is possible to adjust the analysis by subject, controlling
the existing differences by treatment, which was the same
in each subject. Given that each subject received both
kinds of treatments on various occasions, carry-over
effect and interaction by order of administration were
not expected.

The number of paired measurements that should be ob-
tained to estimate a paired mean difference of comfort
scale of 2 points (difference SD of 4 points) with a power
of 0.8 and an « error of 0.05 was 34. Power estimation for
comfort scale was made with G*Power 3.1.9.2.26 We es-
timated that a sample size of 113 measurements has a post
hoc achieved power of 0.99 in repeated measures ANOVA
(within-between interaction), assuming an effect size
of 0.245 (eta squared = 0.06; estimated from data and
equivalent to means differences > 2.4), a error 0.05, B er-
ror 0.20, 2 groups (nebulization system), 3 measurements
(pre, during, post), and a partial correlation (between mea-
surements adjusting by subject) of 0.3. P values < .05
were considered to be statistically significant. Statistical
analyses were performed using statistics software (SPSS
version 18.0, SPSS, Chicago, Illinois).

Results

A total of 113 nebulizations were administered to 6 sub-
jects, all of whom were male and had moderate bronchi-
olitis (median score 7 [IQR 8-9] points on the bronchi-
olitis scale). The median [IQR] age and weight at admission
was 1.5 months (1.0; 4.5) and 4.35 kg (2.85; 6.90),
respectively. No subject had other underlying disease or
factors of severity such as prematurity, cardiopathy,
bronchopulmonary dysplasia, neuromuscular disease, or
immunodeficiency.

The COMFORT-B and visual analog comfort scales
used by health staff showed no differences between either
method of aerosol delivery, both before and after the neb-
ulization was given. During nebulization, comfort was
greater with the nebulizer with HFNC system compared to
the jet nebulizer: the median (IQR) COMFORT-B scale
score was 10.7 (7-16) versus 14.5 (10-20) (P = .006),
respectively, and the median (IQR) visual analog scale
score was 8.5 (6-10) versus 7 (4-9) (P = .02), respec-
tively. Satisfaction assessed with the numeric rating scale
during nebulization was greater with the nebulizer with
HENC compared to the jet nebulizer, with a median (IQR)
score of 3.7 (3-4) versus 2.5 (1-4) (P < .001), respec-
tively (Fig. 2). See Table 1 for all of the median (IQR)
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Fig. 2. Repeated measures analysis of variance points of comfort
(A: COMFORT-behavior score, B: visual analog scale) and satis-
faction (C: numeric rating scale). Nebulization with HFNC showed
greater comfort and satisfaction compared to a jet nebulizer dur-
ing nebulization (P < .001).

scores. Comfort scales assessed by parents during 26 of
the 113 nebulizations showed greater comfort and satis-
faction with the nebulizer with HFNC compared to the jet
nebulizer; scores on the COMFORT-B scale, visual analog
scale, and numerical rating scale were 10.5, 9, and 4 ver-
sus 16.5 (P = .004), 4 (P = .001), and 2 (P = .001),
respectively (Table 1).

Correlation (Spearman’s rho) between the COMFORT-B
scale and the visual analog scale was —0.757 (P < .001).
The intraclass correlation coefficient for the COMFORT-B
scale, visual analog scale, and numerical rating scale, mea-
sured by 2 different nurses, was between (.75 and 0.87.
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There were no significant differences at baseline be-
tween the nebulizer with HFNC group and the jet nebu-
lizer group when analyzing the nebulized drug, time since
last food intake, time of day (day versus night), use of
analgesia, oxygen saturation, breathing frequency, Fq ,
and heart rate (Table 2).

A significantly increased heart rate was registered in
both groups during nebulization compared to the period
before nebulization (P < .001, P < .001), while there
were no changes in oxygen saturation, breathing frequency,
and Fyq .

Discussion

In this randomized cross-over trial in infants with bron-
chiolitis, the levels of comfort and satisfaction during neb-
ulization, as assessed by nurses and caregivers, were higher
using a nebulizer integrated with HFNC than using a jet
nebulizer connected to a face mask.

The advantages of HFNC, such as the ease of setup, the
adequate tolerance, and minimal adverse events, have in-
creased its use in pediatric care.2?.28 The possibility of
nebulization through HFNC and its differences from a jet
nebulizer have recently been demonstrated in various
in vitro studies, including pulmonary deposition and neb-
ulized particle size as determinants of the efficacy of this
new system.'®:2? However, clinical studies are lacking. To
our knowledge, there is only one previous clinical study
that compares these methods of nebulization in a case
series of 5 patients with bronchiolitis in a pediatric emer-
gency department.?? Our study contributes, in a random-
ized and controlled way, an assessment of the comfort
with different validated medical scales, performed not only
by health personnel but also by relatives, in children with
bronchiolitis using a nebulization system integrated into
HFNC compared with standard practice.

Family satisfaction has gained increasing interest as an
important indicator of outcomes in health care and for the
evaluation of quality of care.?® Young children with bron-
chiolitis cannot verbally express their level of satisfaction
with treatment, so the opinion and satisfaction of care-
givers is especially important. Satisfaction refers to the
amount of fulfillment of perceived or real, implicit or
explicit needs and expectations of an individual or a
group. Thus it is a complex variable difficult to assess
with no accepted standard for measurement.!-33 Qur
results showed higher scores on the numerical rating
scale during the administration of aerosol therapy via a
nebulizer with HFNC versus standard nebulization, as
evaluated by nurses and caregivers.

Delivering aerosolized medication through a conven-
tional device (eg, a jet nebulizer) generates discomfort.!2-34
It is important to point out that, according to our results,
comfort levels are comparable with both devices before
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Table 1. Comfort and Satisfaction Perceived by Caregivers and Nurses
Nebulizer With Jet Nebulizer
Time of HFNC (n = 63) (n = 50) p=
Assessment
n Median IQR n Median IQR
Assessments by nurses
COMFORT-B Before nebulization 60 7.0 (6-11) 47 10.0 (7-14) 07
During nebulization 60 10.7 (7-16) 46 14.5 (10-20) 006
After nebulization 59 10.5 (7-15) 46 13.5 (9-16) 28
Visual analog scale Before nebulization 60 10.0 (9-10) 47 10.0 (8-10) 61
During nebulization 60 85 (6-10) 46 7.0 (4-9) .02
After nebulization 50 9.0 (8-10) 46 85 (7-10) 46
Numerical rating scale Before nebulization 53 4.0 (4-4) 43 4.0 3-4) 002
During nebulization 60 37 (34 46 25 (1-4) < .001
After nebulization 54 4.0 3-4 41 3.0 3-4 14
Assessments by caregivers
COMFORT-CBS Before nebulization 14 8.0 (6-11) 12 11.5 (9-16) 13
During nebulization 14 10.5 (6-12) 12 16.5 (13-22) 004
After nebulization 12 6.5 (6-14) 12 13.0 (11-14) .09
Visual analog scale Before nebulization 14 9.0 (8-10) 12 8.0 (7-10) 52
During nebulization 14 9.0 (8-9) 12 4.0 (3-T) 001
After nebulization 12 9.0 (8-10) 12 7.0 (5-8) 04
Numerical rating scale 11 4.0 3-4) 12 2.0 (1-2) 001

* P value for each variable between nebulizer with HFNC and jet nebulizer.
HFNC = high-flow nasal cannula

and after the nebulization, so it is during the actual use of
the device that the nebulizer with HFNC system is clearly
superior to the jet nebulizer system.

The COMFORT-B scale has gained a place in pediatric
intensive care settings worldwide,? and it has been used in
hospitalized patients < 3 y old.?¢ With the aim of avoiding
possible inter observer variability, the COMFORT-B scale,
visual analog scale, and numeric rating scale scores were
assessed by 2 nurses, and we found a strong positive cor-
relation between the 2 examiners. It is possible that the
previous training of our health personnel may have influ-
enced these positive results, and this finding reinforces the
use of these scales as a measurement of comfort if they are
used by qualified health personnel.??

The visual analog scale has been shown to be valid as a
proxy measure recorded by an experienced person, such
as a child’s caregiver.?®.3 Importantly, as others have
also reported, we found a strong association between
the visual analog scale and the COMFORT-B scale rat-
ing.?¢ This association is extendable to the numeric sat-
isfaction rating scale. Comfort and satisfaction can be
understood as complementary variables that seek to ex-
press a similar objective: to evaluate the level of well-
being of the patient.

One of the strengths of this study was the analysis of
other variables that could have an influence on the results
of comfort. In ICUs, greater discomfort has been described
during the day compared to during the night due to the
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presence of increased noise, the number of health person-
nel, and other factors.#? In our case, nebulization with each
system was alternated, and day/night distribution was sim-
ilar in both groups. Likewise, time since the last food
intake, which also has an effect on comfort,*! was com-
parable in the 2 groups. Additionally, there were no dif-
ferences in the use of analgesia, which was not needed in
any of the groups.*? In any case, the advantages of the
nebulizer with HFNC systemn include avoiding discontin-
uation of respiratory support, promoting sleep,?? and lib-
erating the oral route to allow nebulization during feeding
(breast feeding or oral eating), which may influence the
course of the disease and reduce family stress.!743

Our study has some limitations. First, the small number
of subjects included in this study decreases its external
validity, and care should be taken when drawing conclu-
sions about the differences between subjects in comfort for
these nebulization methods. However, the 113 measure-
ments we obtained from those 6 subjects, increase the
power and precision of the estimations by decreasing in-
termeasurement variability. Second, we did not take into
account other variables that could influence comfort and
satisfaction, such as the use of pacifiers or the administra-
tion of nebulizations in the parents’ arms. On the other
hand, although it was not the objective of this work, the
study design could not research if delivering an aerosol-
ized bronchodilator through HFNC may induce a signifi-
cant clinical effect.’® Our results showed comparable O,

REspIRATORY CARE ® JULY 2018 Vor 63 No 7

45



NEeBULIZER WiTH HENC v BRONCHIOLITIS

Table 2.  Characteristics of Each Nebulization According to Nebulizer System

Mesh Nebulizer With HENC

Jet Nebulizer

P
n (%) n (%)
Nebulized drug 86
3% Hypertonic saline 37 (59) 31 (62)
Salbutamol 23 (37) 18 (36)
Epinephrine 3(3) 1(2)
Time of day
Day time (8:00 AM—10:00 pum) 41 (65) 37 (74) 30
Night time (10:00 pM-8:00 am) 22 (35) 13 (26)
Time after eating
=1h 23 (37) 26 (52) 09
>1h 40 (63) 24 (48)
Mesh Nebulizer With HFNC Jet Nebulizer »
n Median (IQR) n Median (IQR)
Time after eating, h 59 41.0 (23-68) 48 44.5 (22-78)
Analgesia 0 0
Heart rate, beats/min
Before nebulization 60 141.5% (130-148) 47 143% (134-153) 34
During nebulization 60 148.2 (134-165) 45 160.5 (141-173) 07
After nebulization 59 152.5 (140-166) 46 151.5 (140-163) 78
Breathing frequency, breaths/min
Before nebulization 59 34.0 (30-43) 47 38.0 (30-44) 37
During nebulization 60 34.0 (26-43) 45 38.0 (29-45) 045
After nebulization 50 34.0 (20—44) 46 37.0 (32-49) 14
Oxygen saturation, %
Before nebulization 60 99.0 (97-100) 47 99.0 (97-100) 49
During nebulization 59 99.0 (97-100) 46 99.5 (98-100) .65
After nebulization 50 99.0 (97-100) 46 99.0 (98-100) 97
Fio,
Before nebulization 60 0.30 (0.30-0.35) 47 0.30 (0.27-0.30) 25
During nebulization 60 0.30 (0.30-0.34) 46 0.30 (0.27-0.35) 01
After nebulization 59 0.30 (0.30-0.35) 46 0.30 (0.27-0.35) 62

N = 63 for the nebulizer with HFNC group; N = 50 for the jet nebulizer group.
* P < 05 obtained by Wilcoxon test comparing before and during nebulization.
HFNC = high-flow nasal cannula

IQR = interquartile range

need and O, saturation before and after the nebulization
between both systems. We did find increased heart rate
during nebulization compared to previous baseline levels
in the conventional jet nebulizer group and nebulizer with
HFNC group. The clinical perception and the adequate
comfort results obtained during use of the nebulizer with
HENC suggest that the increase in heart rate may be mostly
due to the chronotropic effect of the drugs, although in the
case of the jet nebulizer system the discomfort of the pa-
tient may also play a role. Morgan et al?? described in a
case series that heart rate increased to a greater degree
with HFNC and the Aerogen Solo than with the jet neb-
ulizer and face mask. However, the aim of this study was
not to recommend the use of nebulizations in this disease,
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but to encourage health professional to bear the patient’s
comfort in mind, and we insist that further studies are
needed to consolidate such therapeutic efficacy.

Conclusions

Currently, bronchiolitis is a medical frustration, often
with slow recovery and with a limited choice of therapeu-
tic options. Ensuring comfort should be an intrinsic pre-
requisite to any treatment, especially if it has not demon-
strated consistent efficacy. HFNC is a frequently used
respiratory support in this pathology, and aerosol therapy
with a vibrating mesh nebulizer integrated into HFNC gen-
erated more comfort and satisfaction than the standard
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nebulization with a jet nebulizer connected to a face mask.
Studies are necessary to demonstrate whether this therapy
improves the clinical course of this pathology.

—_

o

REFERENCES

. Viswanathan M, King VI, Bordley C, Honeycutt AA, Wittenborn J,

Jackman AM, et al. Management of bronchiolitis in infants and
children. Evid Rep Technol Assess (Summ) 2003(69):1-5.

. Shay DK, Holman RC, Newman RD, Liu LL, Stout JW, Anderson

LJ. Bronchiolitis-associated hospitalizations among US children,
1980-1996. JAMA 1999:282(15):1440-1446.

. Hall CB, Weinberg GA, Blumkin AK, Edwards KM, Staat MA,

Schultz AF, et al. Respiratory syncytial virus-associated hospitaliza-
tions among children less than 24 months of age. Pediatrics 2013;
132(2):341-348.

. Diez-Domingo I, Perez-Yarza EG, Melero JA, Sanchez-Luna M,

Apuilar MD, Blasco A, et al. Social, economic, and health impact
of the respiratory syncytial virus: a systematic search. BMC Infect
Dis 2014514:544,

. Gil-Prieto R, Gonzalez-Escalada A, Marin-Garcia P, Gallardo-Pino

C, Gil-de-Miguel A. Respiratory syncytial virus bronchiolitis in chil-
dren up to 5 years of age in spain: epidemiology and comorbidities:
an observational study. Medicine (Baltimore) 2015;04(21):831.

. Lapillonne A, Regnault A, Gournay V, Gouyon JB, Gilet H, Ang-

helescu D, et al. Impact on parents of bronchiolitis hospitalization of
full-term, preterm and congenital heart disease infants. BMC Pediatr
2012:12:171.

. Walsh P, Rothenberg SJ. American Academy of Pediatrics 2014

bronchiolitis guidelines: bonfire of the evidence. West J Emerg Med
2015:16(1):85-88.

. Zhang L., Mendoza-Sassi RA, Wainwright C, Klassen TP. Nebulised

hypertonic saline solution for acute bronchiolitis in infants. Cochrane
Database Syst Rev 2013(7):CD006458.

. Chen YJ, Lee WL, Wang CM, Chou HH. Nebulized hypertonic

saline treatment reduces both rate and duration of hospitalization for
acute bronchiolitis in infants: an updated meta-analysis. Pediatr Neo-
natol 2014;55(6):431-438.

. Castro-Rodriguez JA, Rodriguez-Martinez CE, Sossa-Briceno MP.

Principal findings of systematic reviews for the management of acute
bronchiolitis in children. Paediatr Respir Rev 2015;16(4):267-275.

. Zhang L, Mendoza-Sassi RA, Klassen TP, Wainwright C. Nebulized

hypertonic saline for acute bronchiolitis: a systematic review. Pedi-
atrics 2015;136(4):687-701.

. Coates AL, Ho SL. Drug administration by jet nebulization. Pediatr

Pulmonol 1998;26(6):412-423.

. Amirav [, Balanov [, Gorenberg M, Luder AS, Newhouse MT, Groshar

D. Beta-agonist aerosol distribution in respiratory syncytial virus
bronchiolitis in infants. T Nucl Med 2002:43(4):487-491.

. Janssens HM, Tiddens HA. Aerosol therapy: the special needs of

voung children. Paediatr Respir Rev 2006:7(Suppl):S83-585.

. Amirav I, Borojeni AA, Halamish A, Newhouse MT, Golshahi L.

Nasal versus oral aerosol delivery to the “lungs” in infants and
toddlers. Pediatr Pulmonol 2014:50(3):276-283.

. Ashok P S, Sabrina M. Respiratory pathophysiology and regulation.

Saunders:2014;1-53.

. Da Dalt L, Bressan S, Martinolli F, Perilongo G, Baraldi E. Treat-

ment of bronchiolitis: state of the art. Early Hum Dev 2013:89(Suppl):
§31-836.

. McKiernan C, Chua LC, Visintainer PF, Allen H. High flow nasal

cannulae therapy in infants with bronchiolitis. J Pediatr 2010;156(4):
634-638.

. Reminiac F, Vecellio L, Heuze-Vourc’h N, Petitcollin A, Respaud R,

Cabrera M, et al. Aerosol therapy in adults receiving high flow nasal

892

20.

21.

22,

23,

26.

27.

28.

29.

30.

3L

32

33

34,

3s.

36.

37.

38

cannula oxygen therapy. J Aerosol Med Pulm Drug Deliv 2016;
20(2):134-141.

Ari A, Atalay OT, Harwood R, Sheard MM, Aljamhan EA, Fink JB.
Influence of nebulizer type, position, and bias flow on aerosol drug
delivery in simulated pediatric and adult lung models during me-
chanical ventilation. Respir Care 2010;55(7):845-851.

Ari A, Harwood R, Sheard M, Dailey P, Fink JB. In vitro comparison
of heliox and oxygen in aerosol delivery using pediatric high flow
nasal cannula. Pediatr Pulmonol 2011:46(8):795-801.

Morgan SE, Mosakowski S, Solano P, Hall JB, Tung A. High-flow
nasal cannula and aerosolized beta agonists for rescue therapy in
children with bronchiolitis: a case series. Respir Care 2015:60(9):
el6l-e165.

Pons M, Caritg J, Palomeque A. Bronguiolitis. In: Lépez I, Calvo C,
Rey C, Rodriguez A, Baltodano A. Manual de Cuidados Intensivos
Pedidtricos, 4nd ed. Spain: Publimed Publicacién Libros Médicos;
2013: 114-120.

. Carnevale FA, Razack S. An item analysis of the COMFORT scale

in a pediatric intensive care unit. Pediatr Crit Care Med 2002:3(2):
177-180.

. van Dijk M, Koot HM, Saad HH, Tibboel D, Passchier J. Observa-

tional visual analog scale in pediatric pain assessment: useful tool or
good riddance? Clin J Pain 2002:18(5):310-316.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses
using G*Power 3.1: tests for correlation and regression analyses.
Behavior Research Methods 2009:41:1149-116().

Bressan 8, Balzani M, Krauss B, Pettenazzo A, Zanconato S, Baraldi
E. High-flow nasal cannula oxygen for bronchiolitis in a pediatric
ward: a pilot study. Eur J Pediatr 2013:172(12):1649-1656.

Kelly GS, Simon HK, Sturm JI. High-flow nasal cannula use in
children with respiratory distress in the emergency department: pre-
dicting the need for subsequent intubation. Pediatr Emerg Care 2013;
29(8):888-892.

Reminiac F, Vecellio L, Loughlin RM, Le Pennec D, Cabrera M,
Vourc’h NH, et al. Nasal high flow nebulization in infants and tod-
dlers: an in vitro and in vivo scintipraphic study. Pediatr Pulmonol
2017;52(3):337-344.

Nelson JE, Puntillo KA, Pronovost PJ, Walker AS, McAdam JL,
Tlaca D, et al. In their own words: patients and families define
high-quality palliative care in the intensive care unit. Crit Care Med
2010;38(3):808-818.

Sahin B, Yilmaz F, Lee KH. Factors affecting inpatient satisfaction:
structural equation modeling. J Med Syst 2007;31(1):9-16.

Wood DL, MeCaskill QE, Winterbauer N, Jobli E, Hou T, Wludyka PS,
et al. A multi-method assessment of satisfaction with services in the
medical home by parents of children and youth with special health care
needs (CYSHCN). Matern Child Health T 2009;13(1):5-17.

Wall RJ, Engelberg RA, Downey L, Heyland DK, Curtis JR. Refine-
ment, scoring, and validation of the Family Satisfaction in the Intensive
Care Unit (FS-ICU) survey. Crit Care Med 2007;35(1):271-279.

Cole CH. Special problems in aerosol delivery: neonatal and pedi-
atric considerations. Respir Care 2000:45(6):646-651.

Bai J, Hsu L, Tang Y, van Dijk M. Validation of the COMFORT
Behavior scale and the FLACC scale for pain assessment in Chinese
children after cardiac surgery. Pain Manag Nurs 2012;13(1):18-26.
van Dijk M, de Boer IB, Koot HM, Tibboel D, Passchier I, Duiv-
envoorden HI. The reliability and validity of the COMFORT scale as
a postoperative pain instrument in () to 3-year-old infants. Pain 2000;
84(2-3):367-377.

Beytut D, Basbakkal Z, Karapinar B. Validity and reliability study of
sedation diagnosis method comfort scale. Agri 2016;28(2):80-97.
Agence Nationale d’Accreditation et d’evaluation en S. Evaluation
and management strategies for acute pain in ambulatory care of
children aged | month to 15 years. Text of the recommendations of

REspIRATORY CARE ® JULY 2018 Vor 63 No 7

47



30

40.

NEeBULIZER WiTH HENC v BRONCHIOLITIS

the National Agency for Health Accreditation and Evaluation. Arch
Pediatr 2001:8(4):420-432.

Traivaree C, Jindakam W, Monsereenusorn C, Rujkijyanont P, Lum-
kul R. The factors of ketamine that affect sedation in children with
oncology procedures: parent satisfaction perspective. J Med Assoc
Thai 2014;97(Suppl):519-824.

Ista E, van Dijk M, Tibboel D, de Hoog M. Assessment of sedation
levels in pediatric intensive care patients can be improved by using
the COMFORT *“behavior” scale. Pediatr Crit Care Med 2005:6(1):
58-63.

ResPIRATORY CARE  JuLy 2018 VoL 63 No 7

41.

42,

43,

Ward IJ. High-flow oxygen administration by nasal cannula for adult
and perinatal patients. Respir Care 2013:58(1):98-122.

Boerlage AA, Ista E, Duivenvoorden HJ, de Wildt SN, Tibboel D,
van Dijk M. The COMFORT behaviour scale detects clinically mean-
ingful effects of analpesic and sedative treatment. Eur J Pain 2015;
19(4):473-479.

Janssens HM, van der Wiel EC, Verbraak AF, de Jongste JC, Merkus
PI, Tiddens HA. Aerosol therapy and the fighting toddler: is admin-
istration during sleep an alternative? ] Aerosol Med 2003;16(4):305-
400.

893

48



Debilidades, fortalezas y oportunidades:

"El mejor médico es el que conoce la inutilidad de la mayor parte de las medicinas.” (Benjamin

Franklin)

La hipotesis era clinica por lo que empezamos el proyecto con un estudio piloto en el que
se midid el grado de confort y satisfaccion percibida, medido tanto por familiares como por el
personal sanitario, durante las nebulizaciones realizadas en lactantes con bronquiolitis

ingresados (hospital comarcal y UCIP).

La primera dificultad que se nos presento fue que apenas habia estudios clinicos previos
publicados sobre el tema. La posibilidad de referenciar y criticar estudios constituye la base de
la revision bibliografica y ayuda a sentar las bases para entender el problema que se esta
investigando. Es importante destacar que descubrir una limitacion de este tipo puede servir
como una oportunidad para identificar nuevas brechas en la literatura y consecuentemente

nuevas investigaciones, como ha sido nuestro caso.

El nimero de pacientes incluidos fue limitado por lo que la validez externa disminuye.
Esta limitacion es de obligado cumplimiento tenerla en cuenta en las conclusiones dados los
prometedores resultados obtenidos de confort con el sistema de nebulizacion integrado en la
OAF al ser comparado con el nebulizador convencional. Sin embargo, las 113 nebulizaciones
realizadas en esos 6 pacientes aumentan el podery precision de las estimaciones disminuyendo
la variabilidad entre las medidas. Existen dos herramientas estadisticas relevantes en el empleo
de escalas clinicas que son “sensitivity to change” y “responsiveness”. La primera se define
como la capacidad de un instrumento de detectar cambios estadisticamente significativos
después de una intervencion (158) y la segunda como la propiedad de detectar cambios
significativos clinicos (159). En nuestro caso fue posible mediante la realizacion de las escalas

de confort y satisfaccion, asi como el resto de las variables, en tres momentos distintos en cada
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nebulizacion. Este esfuerzo, desarrollado durante la época invernal coincidiendo con el pico
maximo de bronquiolitis, y por lo tanto de mayor carga asistencial, fue viable gracias a la
motivacion y compromiso de los familiares y del personal sanitario del hospital comarcal y de

la UCIP.

En segundo lugar, hubiera sido interesante analizar otras variables que pudieran influir
en el confort y satisfaccion, asi como otras variables que tradujeran la repercusion clinica de
estos hallazgos. Precisamente esta limitacion nos motivo a realizar otro estudio con un disefio
similar, pero incluyendo estas variables y algunas otras en un mayor numero de pacientes (ver
punto 2.4.2.). No obstante, si que vimos alteraciones en variables fisioldgicas tan relevantes en
los scores de bronquiolitis como la frecuencia cardiaca. En este caso y a diferencia de lo
encontrado en el Unico trabajo previo publicado, por Morgan et al (91), observamos un
incremento de la frecuencia cardiaca durante y posterior a la nebulizacion respecto al momento
previo en ambos nebulizadores, siendo mas significativo el aumento durante la nebulizacion
con el sistema de nebulizacion convencional que con el nebulizador integrado en la OAF.
Morgan et al observaron estos hallazgos en el nebulizador integrado en la OAF justificandolo
como consecuencia del correcto funcionamiento del nebulizador y el efecto cronotropo del
propio broncodilatador. Aunque nuestros hallazgos pudieran ir en la misma linea, no
encontramos diferencias en otras variables relevantes como la saturacién de oxigeno, la
frecuencia respiratoria o la fraccion inspiratoria de oxigeno. Por este motivo, y en consonancia
con el trabajo de Morgan et al., sefialamos que seria preciso la realizacion de nuevos estudios
para profundizar en la potencial traduccion del incremento del confort en eficacia terapéutica.

Y eso fue lo que hicimos (ver punto 2.4.2).

Para poder llevar a cabo un correcto abordaje del dolor o disconfort creimos que era
necesario una implicacion motivacional del personal sanitario y la integracion de los familiares

o acompafantes en las evaluaciones. Para ello realizamos un curso acreditado a través del
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portal de formacion de la Gerencia Regional de Salud (FOSA-SACYL) previo al inicio del estudio.
En el mismo tras una clase tedrica se mostraban videos y ejemplos hipotéticos de pacientes en
los que el alumnado tenia que puntuar empleando las escalas el grado de confort que percibian.
Para la obtencion de videos nos pusimos en contacto con Monique Van Dick, Professor in
Nursing Science, Department of Pediatric Surgery and Internal Medicine (Erasmus MC,
Rotterdam, Netherlands) y autora y propulsora de la escala CBS, quién nos facilité el acceso a

su red interna de material docente.

En nuestro trabajo los familiares que desearon participar en el estudio recibieron una clase

tedrica breve por parte del personal sanitario que previamente habia sido formado.

Con el objetivo de evitar posibles variaciones interobservador, |la escala CBS, la escala VAS
y la escala NRS fueron realizadas en cada uno de los tres momentos de la nebulizacion mediante
2 enfermeras, encontrandose una fuerte correlacion positiva entre las 2 examinadoras,

hallazgos que iban en concordancia con estudios previos (92).
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2.3.1. A comparative in vitro study of standard facemask jet nebulization and high-

flow nebulization in bronchiolitis

Valencia-Ramos J., Arnaez J., Benito JM., Miras A., Ochoa C., Beltran S. A comparative in
vitro study of standard facemask jet nebulization and high-flow nebulization in bronchiolitis.

Exp Lung Res. 2019 Feb - Mar;45(1-2):13-21. PubMed PMID: 31007091.

Factor de impacto: 1,878. Cuartil: Q3 (Respiratory System)

Resumen:

Objetivo del estudio. Se ha propuesto el uso de un nebulizador integrado en la
oxigenoterapia de alto flujo (HFNC en sus siglas en inglés) para la administracion de farmacos
en la bronquiolitis. El tamafo de la particula nebulizada es un factor relevante en la
determinaciéon de la eficacia de la nebulizacion. Replicamos en condiciones in vitro los
parametros tedricos mas usados en la bronquiolitis y comparamos el tamafio de la gota

nebulizada con un nebulizador estandar y un nebulizador integrado en HFNC.

Material y Métodos. Empleaos un laser de difraccion para analizar el tamafio de particula
nebulizado (volumen didmetro medio Dvso). El sistema estandar fue un nebulizador tipo jet
conectado a una mascarilla facial con un flujo de 8 L/min (JN). Se emplearon tres posiciones de
nebulizadores integrados en la HFNC: un nebulizador de membrana vibrante posicionado 1)
antes (HFNC-BH) y 2) después del humidificador (HFNC-AH), y 3) un nebulizador tipo jet
conectado antes de la canula nasal (HFNC-BNC). El soporte HFNC se usé con canula neonatal

(3-8 L/min) y canula infantil (8-15 L/min).
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Resultados. El tamafio de particula fue similar con los tres farmacos empleados. Se
obtuvo un tamafio de particula menor al emplear el sistema de nebulizacion integrado en HFNC
al compararse con el nebulizador estandar, independientemente del flujo y de la canula nasal
usada cuando la posicion del nebulizador fue antes de la canula nasal (p< 0,05): 6,89 mm (JN),
2,49 mm (HFNC-BNC 3 L/min), 2,5 mm (HFNC-BNC 5 L/min), 2,44 mm (HFNC-BNC 8 L/min),
3,22 mm (HFNC-BNC 10 L/min), 3,23 mm (HFNC-BNC 13 L/min), 3,26 mm (HFNC-BNC 15
L/min). El tamafio de particula fue menor con HFNC-BH que con HFNC-AH al emplear la canula

neonatal (3-8 L/min) (p< 0.05).

Conclusion. El uso de un nebulizador integrado en la HFNC ha mostrado resultados
prometedores en un escenario experimental de bronquiolitis. El tamafio de particula obtenido
con un nebulizador colocado antes del humidificador es equivalente al obtenido con el
nebulizador convencional, e incluso es menor cuando el nebulizador es colocado antes de la

canula nasal.
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ABSTRACT

Aim of Study: The use of a nebulizer paired with high-flow nasal cannulas (HFNC) has been
proposed for drug delivery in bronchiolitis. Particle size nebulized is a relevant factor deter-
mining the efficacy of the nebulization. We replicated in vitro the theoretical parameters
most widely used in bronchiolitis and we compared the size of the droplet nebulized with a
standard nebulizer and a nebulizer integrated into HFNC. Materials and Methods: We used
laser diffraction to analyze the particle size nebulized (volume median diameter Dv50). The
standard system was a jet nebulizer connected to a facemask with a flow rate of 8 L/min
(JN). Three designs were used as nebulizers integrated into HFNC: a vibrating mesh nebu-
lizer set 1) before (HFNC-BH) and 2) after (HFNC-AH) the humidifier, and 3) a jet nebulizer
connected before the nasal cannula (HFNC-BNC). HFNC was used with neonatal (3-8 L/min)
and infant cannulas (8-15L/min). Results: Droplet size was similar among the three drugs
studied. A lower particle size was obtained when using the nebulization system integrated into
HFNC compared to the standard nebulizer, regardless of the flow rate and the nasal cannula
used when the position of the nebulizer was before the nasal cannula (p < 0.05): 6.89 pm (UN),
249um (HFNC-BNC 3L/min), 2.59pum (HFNC-BNC 5L/min), 244um (HFNC-BNC 8L/min),
3.22pm (HFNC-BNC 10L/min), 3.23 pm (HFNC-BNC 13 L/min), 3.16 um (HFNC-BNC 15L/min).
The particle size was lower in HFNC-BF compared to the HFNC-AH using neonatal nasal cannula
(3-8 L/min) (p <0.05). Conclusion: The use of a nebulizer integrated with HFNC has shown
promising results in an experimental scenario of bronchiolitis. The particle size achieved with
the nebulizer placed before the humidifier is equivalent to the one obtained via conventional
nebulization, and it is even smaller when the integrated nebulizer is placed before the
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nasal cannulas.

Introduction

Bronchiolitis is the most frequent cause of hos-
pital admission in infants less than 1year old
and it has a high family and social impact,’
including that on healthcare systems.” Its man-
agement is focused on adequate hydration and
the administration of oxygen therapy and respira-
tory support. There are currently no treatments
available that shorten the disease or reduce its
complications,” with oxygen therapy through a
high flow nasal cannula (HFNC) being one of the
tools most often employed in respiratory support
in this disease.>® Studies are periodically pub-
lished that attempt to support the possible

benefits of the nebulization of drugs like salbuta-
mol, epinephrine, and 3% hypertonic saline.”
Despite being controversial,” they currently form
the therapeutic arsenal of bronchiolitis.*® The neb-
ulization system most often employed for these
drugs is the jet type with a facemask,'® although
its tolerance is limited in the pediatric patient.’*
Furthermore, in order to ensure that the drug
arrives in the airway, the nasal cannula needs to
be withdrawn when nebulization is applied, since
neonates and small infants breathe mainly through
the nose.'? These manipulations and the noise gen-
erated by the device itself cause irritability and
awakenings in the patient, which makes the

CONTACT Juan Valencia-Ramos @ jvalendiar@saludcastillayleon.es @ Paediatric Intensive Care Unit, Hospital Universitario de Burgos, Avenida Islas

Baleares s/n, Burgos, CP 09006, Spain.
© 2019 Taylor & Francis Group, LLC
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administration of treatment difficult and increases
the precipitation of the drug in the upper airway, far
from the bronchial area."® For this reason, it would
be helpful to have a nebulization system incorpo-
rated into the respiratory support system, avoiding
manipulations and discomfort in the patient. A
recently published clinical research paper concluded
that patients with bronchiolitis were significantly
more comfortable when a nebulizer was paired with
the HFNC instead of using the usual setup of jet
nebulization via a face mask."*

It needs to be established if this system is effect-
ive. The size distribution and the emitted dose of
inhaled drug are considered as key factors affect-
ing the regional drug deposition of inhalable par-
ticles in the lungs and thus conditioning the
therapeutic efficacy.’® Particle or droplet size
seems to be the most important factor determin-
ing the site of aerosol deposition.'®"”

Furthermore, other variables may have an
influence, such as the type of drug nebulized, the
position of the nebulizer in the circuit, the type
of nasal cannula used, and the air flow rate
employed with the system.'®"?

The aim of this study was to compare the size of
the particles generated by a nebulization system inte-
grated into an HFNC with the traditional jet type
with facemask under different conditions depending
on: 1) the nebulized drug, 2) position of the nebulizer
in the system, and 3) air flow rate in the circuit.

Materials and methods
Study design

This experimental study was conducted between
May and October 2016 in the Chemical
Engineering Division of the Department of
Biotechnology and Food Science (University of
Burgos, Spain). Nebulizations were performed
under the same environmental conditions, regard-
ing temperature and humidity level.

Materials

Air administration system

The administration of air (Air Liquide, 99.99%)
in all cases was through the HFNC Optiflow
TM® (F&P 850 system, Fischer and Paykel
Healthcare, Auckland, New Zealand) infant

breathing circuit kit (RT329). Neonatal (BC2435)
or Infant (BC2755) nasal cannulas (Fischer and
Paykel Healthcare, Auckland, New Zealand) were
used at the end of the circuit according to nostril
size. The former is recommended for gas flow
rates between 2 and 8L/min, and the latter for
gas flow rates between 8 and 20L/min. The tem-
perature of the circuit was kept constant at
36.8£0.7°C. In case of the N nebulizer, the final
flow rate was that of the JN and HFNC.

Nebulization systems
The two nebulizers employed are the most com-
monly used in clinical practice: a mesh nebulizer
(Aerogen Solo®, Aerogen, Galway, Ireland), and
a jet type nebulizer (Cirrus 2 Pediatric®,
Intersurgical, Wokingham, UK). The jet nebulizer
uses an air flow rate of 8 L/min to nebulize and
the mesh nebulizer creates an aerosol as the
liquid passes through it. The particle size meas-
ured as mass median aerodynamic diameter of
the particle (MMAD) corresponding to the mesh
nebulizer and jet nebulizer is 3.9 um and 2.7 pym
(at an air flow rate of 8L/min), respectively,
according to the manufacturers’ data.

To nebulize each drug, 3mL of the drug were
introduced into the nebulization chamber.

Nebulizations lasted 6 minutes + 22 seconds
when using the Aerogen Solo®, and 7 minutes +
17 seconds when using the Cirrus-jet* nebulizer.
The drugs used were: 3% hypertonic saline (HS)
(11mL Sodium Chloride 20% + 89mL of 0.9%
Normal Saline, B. Braun Medical, S.A., Barcelona,
Spain); Epinephrine (1 mg/mL. B. Braun Medical,
S.A., Barcelona, Spain); and Salbutamol (Salbuair
1 mg/mL, Aldo-Unién, S.L, Barcelona, Spain).

Four nebulization methods were analyzed,
three of them integrated into the HFNC and the
jet nebulizer mask (JN) connected to a rotameter
(Tecfluid model 2150, Tecfluid S.A., Barcelona,
Spain). Nebulizers integrated into the HFNC
were positioned before the humidifier (HFNC-
BH), after the humidifier (HFNC-AH) and before
the nasal cannula (HFNC-BNC). The use of an
Aerogen Solo® nebulizer in the first two positions
was according to manufacturer’s data and the
clinical practice. For the HFNC-BNC position a
Cirrus-jet® nebulizer was used connected to the
OPT016 Optiflow Junior Adaptor Kit® (Fischer
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Figure 1. Experimental set-ups and experimental algorithm. (A) Mesh nebulizer and Jet Nebulizer integrated in High-flow nasal
cannula (HFNC). The flow rate of the HFNC was from 3 to 15 L/min. HFNC-BH = Aerogen Solo™ hefore humidifier of HFNC; HFNC-
AH = Aerogen Solo® after humidifier of HFNC; HFNC-BNC = Jet nebulizer connected with an OPT 016 Adaptor Kit® upstream from
the cannula with an air flow rate of 8 L/min regardless of the flow rate in the HFNC (from 3 to 15L/min); (B} Measurement at the

outlet of the jet nebulizer facemask (JN) (8 L/min air flow rate).

and Paykel Healthcare, Auckland, New Zealand)
before the nasal cannula (HFNC-BNC) (Figure 1).

Particle size measurement

Particle size distributions of all samples were meas-
ured with laser diffraction (LD) using a Malvern
Spraytec (Malvern Instruments Ltd., Malvern, UK)
with RTSizer software and a laser diode light source
emitting at 630 nm. The focal length of the Spraytec
lens used was 100 mm, which allows one to determine
particles in a size range of 0.1-230 um.* A sample fre-
quency configuration of 1 to 2500 Hz, giving 1 meas-
urement every 1s to 0.4ms, respectively, was used.
Volume-based particle size distribution was measured
with this equipment, and the RTSizer software allows
users to calculate the following parameters:

e Volume mean diameter of the distribution,
Dyy 3}, defined as:
.1'1,-Df1
Dys ==—— (1)
ol > D]

where n is the number of particles with a
diameter D.

e Standard percentiles (Dv10, Dv90, and Dv50).
Dv10 and Dv90 are the particle sizes below
which 10% and 90%, respectively, of the sample
lies. Dv50 is the median diameter of the volume
size distribution, i.e. the size in microns at which
50% of the sample is smaller and 50% is larger.

e Span is a measurement of the width of the distri-
bution. The narrower the distribution, the smaller
the span becomes. The span is calculated as:

Dv90—Dvl10

Span = “Dvso (2)

The median diameter (Dv50) may match the
mass median aerodynamic diameter of the par-
ticle (MMAD) that the cascade impactor (CI)
system provides when the density of the nebu-
lized drug is very close to 1, according to Eq. (3).

Dv50 = MMAD x 4/p,/p; 3)

Where p; = 1g/mL and p, is the value of the
density of the droplet.*’ Densities (media + stan-
dard deviation (SD)) expressed in g/mL at 37°C
were 1.007 £0.001, 0.995 +0.001, and 0.999 +0.001
for HS, salbutamol, and epinephrine, respectively.
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Table 1. Effect of experimental conditions on aerosol particle size (um).

Flow rate (L/min}

Neonatal cannula

Infant cannula

3 5 8 8 10 13 15 TOTAL
HFNC-BH Dvs0 638 (041) 6.62 (0.31) 509 (0.60) 7.79 (032) 7.71(032) 7.68 (0.49) 7.38 (0.56) 6.92 (0.19)
Dvio 3.42 (0.48) 2.16 (0.46) 1.70 (0.44) 5.40 (0.89) 5.46 (0.78) 5.47 (0.58) 5.32 (0.81) 439 (0.32)
Dvs0 10.28 (0.62) 11.62 (0.58) 11.74 (0.63) 937 (0.31) 9.75 (0.44) 10.42 (0.72) 10.81 (0.70) 10.45 (0.24)
Dy 6.40 (030) 6.61 (0.14) 5.71 (0.39) 761 (0.41) 7.67 (0.38) 7.85 (0.40) 7.74 (0.57) 7.21 (0.18)
Span 1.12 (0.18) 1.60 (0.25) 2.34 (0.38) 0.55 (0.14) 0.60 (0.14) 0.70 (0.18) 0.86 (0.20) 112 (0.11)
HFNC-AH Dv50 8.01 (0.19) 7.76 (0.15) 6.99 (0.41) 851 (0.35) 9.17 (0.54) 9.13 (0.72) 9.29 (1.04) 843 (0.23)
Dvio 6.29 (0.36) 5.89 (0.23) 5.73 (0.26) 5.26 (1.82) 472 (2.01) 1.97 (1.25) 2.15 (1.65) 497 (0.42)
Dvo0 9.20 (0.28) 9.46 (0.21) 9.12 (0.35) 9.32 (0.73) 9.78 (0.53) 9.63 (0.92) 9.49 (0.97) 9.39 (0.17)
Dy 7.82 (0.14) 7.61 (0.20) 7.48 (0.25) 7.85 (0.62) 7.67 (0.77) 6.52 (0.48) 5.66 (0.41) 7.35(0.17)
Span 0.40 (0.07) 0.57 (0.09) 0.63 (0.12) 0.37 (0.09) 0.52 (0.10) 0.76 (0.15) 0.92 (0.24) 0.59 (0.05)
HFNC-BNC Dvs0 249 (0.25) 2.59 (0.21) 2.44 (0.13) 3.26 (0.28) 3.22 (0.24) 3.23 (0.21) 3.16 (0.19) 2.91 (0.09)
Dvio 145 (031) 152 (0.27) 134 (0.19) 240 (036)  2.38 (0.32) 2.40 (0.27) 233 (0.23) 198 (0.12)
Dvs0 3.85 (0.24) 3.89 (0.24) 3.73 (0.10) 479 (0.20) 4.65 (0.13) 4.70 (0.10) 445 (0.22) 4.30 (0.09)
Dy 264 (0.24) 2.69 (0.22) 2.53 (0.12) 367 (0.24) 3.63 (0.20) 3.68 (0.16) 3.46 (0.17) 3.18 (0.09)
Span 1.08 (0.16) 098 (0.13) 1.02 (0.11) 081 (0.14) 0.77 (0.12) 0.76 (0.11) 0.69 (0.11) 0.87 (0.05)
Jet Nebulizer-Mask Dv50 6.89 (0.08) 6.89 (0.08)
Dvio 5.92 (0.09) 5.92 (0.09)
Dvo0 7.78 (0.07) 7.78 (0.07)
Diss 6.85 (0.08) 6.85 (0.08)
Span 0.27 (0.01) 0.27 (0.01)
Results are expressed as mean (SE).
Method (Statpoint  Technologies, Inc. Warrenton,

First, particle size distribution was determined at
the outlet of the two nebulizer systems, Aerogen
Solo®, and jet nebulizer with mask with an air flow
rate of 8 L/min, for each of the three drugs studied.
All results were homogeneous and presented a
Gaussian size distribution curve (log normal).
Secondly, the size of the particles at the end of
the nasal cannula was determined for each of the
three drugs for the three nebulization systems
incorporated into the HFNC (HFNC-BH, HFNC-
AH and HFNC-BNC), at different air flow rates
depending on the type of cannula: 3, 5, and 8L/
min with the neonatal cannulas, and 8, 10, 13,
and 15 L/min for infant cannulas (Figure 1). Each
measurement was repeated three times.

Statistical analysis

A descriptive analysis was performed with the
parameters, mean (standard error, SE) and fre-
quency (percentage) for each of the variables
analyzed. The ANOVA test was used to compare
quantitative variables, and the multiple range
test to check for the homogeneity of groups. A
p-value less than 0.05, with a 95% confidence
level, was considered significant. The software
used was the IBM SPSS 19 statistics package
(PASW Statistics 19.0, SPSS, Chicago, Illinois,
USA) and Statgraphics Centurion XVII software

Virginia, USA).

Results

A total of 195 measurements were made,
distributed into the different analysis conditions
(Table 1). No differences were found in the droplet
size (Dv50 mean +standard error) for the three
drugs studied (3% Hypertonic Saline, n=60;
Salbutamol, n=68; Epinephrine, n=67):
5.86£0.30, 6.05+0.34, and 6.22 +0.33 pum, respect-
ively. All these results refer to the total of 195
measurements, regardless of type of drug.

The volume median diameter Dv50 (mean-
+ standard error) measured at the outlet of the neb-
ulizers used in the study, the Aerogen Solo™ and the
jet nebulizer with a facemask (8 L/min air flow rate),
was 8.40 £0.13 and 6.89 + 0.08 pm, respectively.

On comparing the particle sizes generated by
each of the nebulization systems inserted in the
HFNC and the jet system with a facemask, the
Dv50 was lower for the HFNC-BH with an air
flow rate of 8 L/min, and for the HFNC-BNC
system at any flow rate (p < 0.05). Analyzing the
size of particles according to the three positions
of the nebulizer integrated into HFNC we found
that: 1) the smaller sizes of the nebulized particles
were obtained for the position of the nebulizer
before the nasal cannulas (HFNC-BNC), regardless
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Figure 2. Aerosol particle size delivered at the nebulizer outlet (means and standard errors). This graph represents the volume
median diameter Dv50 of the standard jet nebulizer with face mask (JN) and the nebulizers within the HFNC circuit (HFNC-BH,
HFNC-AH, HFNC-BNC) and with different flow rate (3-15L/min) and nasal cannula (neonatal and infant). HFNC-BH = Aerogen
Solo® before humidifier of HFNG HFNC-AH = Aerogen Solo® after humidifier of HFNC; HFNC-BNC = Jet nebulizer (flow rate: 8L/
min) connected with an OPT 016 Adaptor Kit® upstream from the cannula. *p <0.05 comparing HNFC-BH with HFNC-AH.

**p < 0,05 compared to jet nebulizer facemask (JN).

of the flow rate used (p <0.05), and 2) compar-
ing the two positions of the same nebulizer
in the HFNC, Dv50 was lower in the HENC-BH
at any flow rate, although it is statistically signifi-
cant only for air flow rates of 3, 5, 8 (with
neonatal nasal cannula) and 10 L/min (Figure 2).
Furthermore, with the 8 L/min air flow rate,
common for both the neonatal and infant
cannulas, the Dv50 was lower when neonatal
cannulas were used for any of the nebulization sys-
tems (HFNC-BH, HFNC-AH, and HFNC-BNC)
compared to the infant cannulas (p < 0.05).

Discussion

This experimental study reproduces the condi-
tions of aerosol therapy in infants with acute
bronchiolitis in clinical practice. The particle size
obtained with a nebulizer coupled with HFENC
may favors its use instead of the conventional jet
nebulizer and face mask system.

Combining inhaled bronchodilators with
HEFNC is an attractive practice.** The use of a

vibrating mesh nebulizer to deliver aerosol
therapy to patients has several advantages
compared to jet nebulizer as it does not add flow
to the system and does not require removal from
the system for therapy.”> The idea of nebulization
using an HFNC in patients with bronchiolitis
arose from the clinical need to administer
the medication in conditions of maximum efficacy
and comfort, which was not achieved with the
JN system. However, to establish that this nebuliza-
tion system can be applied safely and effectively
in clinical practice compared to the classic jet type
with facemask, it is necessary to know the size
of the nebulized particle for each of them.

The size of the nebulized particles is clinically
relevant, as large particles may not reach the
pulmonary tree, and very small particles are less
dependent on gravity and thus are exhaled with-
out being deposited in the lungs."®** In recent
years, some studies have been published in which
the size of nebulized particles in an HFNC
system is measured.'®?*?® Bhashyam et al.*® eval-
uated the delivery of an Aerogen Solo nebulizer
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which was connected distal to a Fisher & Paykel
heater/humidifier but proximal to the heated wire
circuit and nasal cannula with infant, pediatric,
and adult nasal cannula and an oxygen flow rate
of 3L/min. Perry et al.”® investigated the delivery
of an Aerogen Solo nebulizer which was con-
nected distal to a Vapotherm 2000i between the
heated wire tubing and nasal cannula. The deliv-
ered aerosol dose was measured for different can-
nula size (infant, pediatric and adult sized
cannula) at varying flow rates. Reminiac et al'®
assessed the mass and the particle size distribu-
tion of the aerosol emitted from the nasal can-
nula using mesh and jet-nebulizers placed at
various positions in the HFNC circuit with flow
rates of 30, 45 and 60 L/min. One strength of the
present work is that it reproduced a wide number
of conditions most commonly used in infants
with bronchiolitis when respiratory support is
needed, including different air flow rates, drugs,
cannulas, and nebulizer positions.

When using HFNC, an interesting question
arises about the optimal position in the circuit
where the nebulizer should be placed. In terms of
particle size, placing the nebulizer before the
nasal cannulas (HFNC-BNC) would be ideal,
since volume median diameter was found to be
lower as compared to JN. However, inhalation
devices and the optimal operating conditions are
important for effectiveness of pulmonary drug
delivery as it could affect the site of aerosol
deposition.”” The rationale behind the indication
of this HFNC integrated nebulizer system instead
of the JN includes improving patient comfort
amongst other reasons, and thus it seems more
suitable to place a coupled mesh nebulizer before
(HFNC-BF) rather than after (HFNC-AF) the
humidifier. These results are in agreement with
the technical specifications of Aerogen Solo® and
with previous research undertaken in premature
infants and adult population, which favors the
positioning of the ultrasonic nebulizer before
rather than after the humidifier.'"®* In fact it was
found that, in our study, the particles that were
generated when the nebulizer was placed after
the humidifier (HFNC-AH) were larger than
those obtained with any of the other three nebu-
lization systems.

Additionally, nasal cannula size can affect the
efficacy of drug delivery. Nasal prongs are small
diameter tubes which have the potential for sub-
stantial internal deposition. It is recommended
that flow rates between 2 and 8L/min be used
for neonatal cannulas and between 8 and 20L/
min for infant cannulas. Qur results show that,
when the position of the nebulizer within the cir-
cuit remains constant, a smaller particle size is
obtained at the flow rates that are used with the
neonatal cannulas as compared to the ones used
with infant cannulas (Figure 2). However,
whether these differences are due to the flow rate
itself or due to the caliber of the nasal prongs
cannot readily be established, since each cannula
size is used at different flow rate intervals. At
8 L/min, which is the only flow rate that can be
used with either cannula size, the neonatal can-
nulas generated smaller particles. This supports
the hypothesis that a smaller cannula size would
be more beneficial, as has been previously
reported.”>* This is relevant for clinical practice,
as it would therefore be advisable to choose the
smaller cannula size for that subset of patients on
whom either caliber could be indicated in terms
of nostril size or air flow rate requirements.

In contrast to previous studies in which the jet
nebulizer was placed upstream of the humidi-
fier,”**° we explored the possibility of positioning
it before the nasal cannulas (HENC-BNC). It was
found that smaller-sized particles were obtained
when using the nebulizer in the HFNC-BNC pos-
ition, compared with the rest of the nebulizer
positions and also with the JN system. Thus, it
appears that this could be the ideal position to
achieve the nebulization of small-sized particles
that therefore are likely to be efficiently deposited
in the lungs.

However, a recent study that quantified aerosol
lung deposition using a macaque model and an
anatomical infantile model concluded that an
aerosol facemask placed on top of cannulas or jet
nebulization within the HFNC circuit may not be
very effective.’® These findings could be due to
the fact that the nostrils are blocked by the can-
nula and the nebulization of particles that are too
small could be less efficient since they are exhaled
without being deposited in the lungs.”* Réminiac
et al. found that 69% of the particles measured with
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a low-pressure cascade impactor were less than
0.4um when using a Cirrus-jet nebulizer.'® Our
data show that the majority of particles nebulized
when using the Cirrus-jet type nebulizer before
nasal prongs (HFNC-BNC) are between 1.98 pm
(Dv10) and 4.30 pm (Dv90), which could potentially
be deposited in the more distal lung areas that are
desired in bronchiolitis. The validity of these results
is supported by the monomodal particle size distri-
butions, the lower span values obtained (Table 1),
and the volume median diameter values similar to
those for D43 in most samples. Nevertheless, we
did not measure the amount of medication deliv-
ered which may orientate about the clinical effect of
the drug nebulized.”

Duration of the nebulization is another factor
that should be considered when choosing a nebu-
lizer system, since prolonged nebulizations may
impact the tolerability and efficacy of this tech-
nique.” As had been previously reported, our
results confirm that mesh nebulizers achieve
shorter nebulization times.*!

Laser diffraction (LD) is a validated system for
measuring aerosols generated by nebulizers,”> and
its use has increased due to the speed of data ana-
lysis, its reproducibility, and its ability to stratify the
sizes, which are the conditions required to deter-
mine the true pulmonary deposit.’' In the present
work, the results are reported mainly as volume
median diameter (Dv50), unlike the mass median
aerodynamic diameter (MMAD) obtained in the
cascade impactor (CI). As previously mentioned, it
is possible to correlate between the two systems,">*
as shown in Eq. (3) if the density of the nebulized
drug is close to 1g/mL,*" as it was the case of the
drugs used in this study. Despite this, the sizes
obtained in this study are greater than those
obtained in previous studies under similar condi-
tions.'»*>** This may be due to the fact that humid
aerosols analyzed by cascade impaction cause a
change in the distribution, resulting in a lower
MMAD due to the evaporation of the aerosol drop-
lets entering the impactor at room temperature.'*>.
In any case, this observation could provide an argu-
ment for conducting a study comparing the two
measurement systems (LD and CI), but that is
beyond the scope of this study.

With all this, it should be mentioned that,
among the factors to be taken into account when
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deciding that nebulization is efficient, it is
important to know not only the size of the nebu-
lized particle, but also the amount that is depos-
ited in the lung. Our study does not provide data
regarding the amount. Furthermore, we could
have used anatomical models and respiratory
simulators to get closer to the clinical conditions
of infants with bronchiolitis. In addition, though
LD and the CI are suitable systems for measuring
particle size, it would have been ideal to perform
the measurements with both systems.

In conclusion, under in vitro conditions similar
to bronchiolitis, a mesh nebulizer positioned
before the humidifier of the HENC circuit with a
gas flow-rate of 8 L/min, appears to deliver smaller
size particles than the conventional jet nebulizer
with facemask. In patients requiring different flow
rates of HFNC, clinicians could assess the use of a
jet nebulizer located before the neonatal or infant
cannula. Based on the particle size generated, the
integration of a mesh nebulizer immediately after
the humidifier chamber is not advisable.
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Debilidades, fortalezas y oportunidades:

"Nada tiene tanto poder para ampliar la mente como la capacidad de investigar de forma

sistemadtica y real todo lo que es susceptible de observacion en la vida”. Marco Aurelio

La principal limitacion de este estudio fue la ausencia de medicion de la cantidad de
particulas nebulizadas. Efectivamente, el tamafo de la particula nebulizada es el factor
determinante en la eficacia de un aerosol ya que particulas de gran tamafio no se llegan a
depositar en el arbol bronquial y las que son muy pequenas son menos dependientes de la
gravedad y acaban exhalandose sin llegar a los pulmones (134)(235). Sin embargo, es
importante conocer que existen otras variables relevantes en la eficacia de un aerosol, como es

la cantidad de farmaco depositado y ésta es una variable que en nuestro caso no analizamos.

El proyecto fue disefiado con el objetivo de que sus resultados se pudieran extrapolar a la
practica clinica por lo que asemejamos las condiciones in vitro a nuestra actividad médica diaria
en estos pacientes. El haber incluido un modelo anatomico o un simulador respiratorio

hubiera completado aun mas las condiciones clinicas del lactante con bronquiolitis.

Otra limitacion fue el propio estudio experimental en si mismo. El disefio del trabajo de
laboratorio difiere de los trabajos clinicos a los que estamos acostumbrados. El
desconocimiento de este campo y el reto que supone retomar los apuntes de fisica y quimica
de la universidad e incluso del colegio, hace de la investigacion basica un campo muchas veces
temido por el médico que se dedica a la asistencia clinica. En nuestro caso, se procurd
compensar la falta de experiencia con una detallada revisiéon bibliografica y con el
asesoramiento de los compafieros del departamento de ingenieria quimica de la Universidad
de Burgos. Esto nos permitid, entre otras cosas, obtener un laser de difraccion Malvern
Spraytec (Malvern Instruments Ltd., Malvern, UK) (Figura 10), cuyas caracteristicas de

reproducibilidad y capacidad para estratificar segun los distintos tamafios lo ha convertido en
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un herramienta validada en la medicion de las particulas producidas por los nebulizadores
(137)(236). La medicion de la densidad de la particula nebulizada nos permitié comparar los
resultados obtenidos medidos como diametro volumen medio (Dvso) con la medida de
diametro aerodinamico masa media (MMAD) obtenidos con el impactador de cascada, que es
empleado en estudios previos (134)(138). No obstante, seria interesante realizar nuevos
trabajos enlos que se analizara el tamafio de particula con ambas herramientas, laser difraccion

e impactador de cascada.

Aunque no medimos la cantidad de farmaco nebulizado, en las practicas experimentales
observamos el deposito de parte del farmaco en la cdmara humidificadora. Bhashyam et al
sefalaron que la colocacion de un nebulizador cerca del humidificador favorecia el depésito de
las particulas nebulizadas en el circuito de la OAF(148). Este hecho puede estar relacionado con
el efecto termodinamico asociado al gas caliente y humidificado que produce una condensacion
y precipitacion del producto (140). Seria interesante realizar nuevos estudios teniendo en
cuenta esta variable y la posibilidad de suspender el humidificador-calentador durante la

nebulizacion.

Figura 10. Imagen del laser de difraccion midiendo el tamafio de las particulas nebulizadas a la

salida de la canula nasal.
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2.4.3 Observational study of newborn infant parasympathetic evaluation as a

comfort system in awake patients admitted to a pediatric intensive care unit

Valencia-Ramos J., Arnaez J., Calvo S., Gomez F., Del Blanco I. Observational study of
newborn infant parasympathetic evaluation as a comfort system in awake patients admitted to
a pediatricintensive care unit. J Clin Monit Comput. 2019 Feb 5. doi: 10.1007/510877-019-00268-

1. [Epub ahead of print]. PubMed PMID: 30721390.

Factor de impacto: 2,179. Cuartil: Q3 (Anesthesiology and Pain Medicine).

Resumen:

Comparar el sistema de evaluacion parasimpatico neonatal (NIPE en las siglas en inglés)
con una escala validada empleando dos nebulizadores en nifos ingresados en UCIP con
bronquiolitis. El confort fue evaluado mediante la escala COMOFORT-Behavior (CBS) antes
(T1), durante (T2) y después (T3) de cada nebulizacién. Con el objetivo de comparar el NIPE y
los valores de la escala CBS durante todo el periodo T1 a T3, la variable Dif-CBS fue definida
como la diferencia entre el maximo y minimo valor de CBS, y Dif-NIPE como la diferencia entre
el percentil 75th y 25th de los valores NIPE. El analisis fue realizado, inicialmente para el total
de nebulizacionesy en segundo lugar comparando los sistemas de nebulizacion: un nebulizador
tipo jet (JN) y un nebulizador integrado en la oxigenoterapia de alto flujo (NHF). Se registraron
84 nebulizaciones en 14 pacientes con una media [25th—75th percentil] de 6 meses (3.1-9.5).
Una Dif-CBS de 4 puntos (2-7), asi como puntuaciones en la escala CBS entre T1y T2, definieron
la nebulizacion como un estimulo de disconfort. El sistema NIPE, representado como Dif-NIPE,

revel6 una variacion media de g puntos (7-10), y fue escasamente correlacionado con Dif-CBS
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[rs 0,162 (P = 0,142)]. El disconfort durante la nebulizacion, evaluado mediante CBS fue mayor
con el sistema JN que con NHF: 17 (13-22) vs 13 (9-15) (P = 0,001). La monitorizacion NIPE no
detectd diferencias significativas entre ambos sistemas de nebulizacion (P = 0,706). El sistema
NIPE detectd una variacion en el confort durante la nebulizacion en el paciente con
bronquiolitis, aunque la correlacion con la escala CBS fue pobre Se precisan mas estudios para

recomendar el NIPE como un sistema de monitorizacion en pacientes despiertos.
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Abstract

To compare the newborn infant parasympathetic evaluation system (NIPE) scores with a validated clinical scale using two
different nebulizers in children with bronchiolitis admitted to a PICU. Comfort was evaluated using the COMFORT-behavior
scale (CBS) before (T1), during (T2) and after (T3) each nebulization. In order to compare NIPE and CBS values during the
whole T1 to T3 period, the variable Dif-CBS was defined as the difference between maximal and minimal CBS scores, and
Dif-NIPE as the difference between 75th and 25th percentile NIPE values. Analyses were carried out, firstly for the total of
nebulizations and secondly comparing two different nebulization systems: a jet nebulizer (JN) and a nebulizer integrated in
high flow nasal cannulas (NHF). 84 nebulizations were recorded on 14 patients with a median [25th-75th percentile] age of 6
months (3.1-9.5). A Dif-CBS of 4 points (2-7), as well as changes in CBS scores between T1 and T2, defined the nebulization
as a discomfort stimulus. The NIPE system, represented as the Dif-NIPE, showed a median variation of 9 points (7-10), and
was poorly correlated to Dif-CBS [r, 0.162 (P=0.142)]. Discomfort during nebulization, assessed by CBS was greater with
the IN system compared to NHF: 17 (13-22) vs 13 (9-15) (P=0.001). NIPE monitoring detected no significant differences
between both nebulization systems (P =0.706). NIPE monitoring showed a variation in comfort during nebulization in the
patient with bronchiolitis, though correlation with CBS was poor. Further research is required before NIPE can be suggested
as a comfort monitoring system for the awake infant.

Keywords Comfort - Newborn infant parasympathetic evaluation - COMFORT Behavior Scale - Nebulization -
Bronchiolitis

1 Introduction

Bronchiolitis is an acute inflammatory injury of the bronchi-
oles caused by a viral infection in infants [1]. It is the most
frequent cause of lower respiratory tract infection in infants
and the predominant reason for admission of children under
1 year of age [2, 3]. Of these, 3-11% will require admission
to a pediatric intensive care unit (PICU) [4]. Unfortunately,
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specific therapies are not available and only a few symp-
tomatic strategies are extensively used, including oxygen,
hydration, and nasal suction [5, 6].

Nebulization with salbutamol, epinephrine, or 3% hyper-
tonic saline is the most commonly used therapy in clinical
practice, despite its doubtful efficacy, with the aim of reduc-
ing clinical severity [7, 8]. However, nebulizations are not
harmless because they are usually administered through a jet
nebulizer that generates discomfort [9], due to its noise, with
frequent awakening and struggling to remove it. This dis-
comfort might be especially counterproductive in critically
ill patients when trying to achieve desired stability [10].

The gold standard to assess patient comfort is self-report-
ing, based on pain scales. However, self-reporting is unlikely
in pre-verbal children, as well as in infants with altered con-
sciousness [11]. Regardless of which tool is used to assess
pain, perception of pain in pediatrics is complex, and entails
physiological, behavioral, and developmental factors [12,
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13], including the limitation of the experience of the exam-
iner. In these instances, a cooperation-independent monitor
for pain would be highly helpful [14]. The Newborn Infant
Parasympathetic Evaluation (NIPE, MDMS, Loos, France)
is a valid non-invasive system in children up to 2 years of
age based on the analysis of the respiratory fluctuations of
heart rate that mainly reflect variability in the parasympa-
thetic tone [15]. The NIPE monitor records the ECG sig-
nal continuously, enabling a quantitative assessment of the
respiratory variability of heart rate, which decreases during
nociceptive stimulation [16]. To date, only a few studies
have focused on this technology in children, the majority of
them in the area of anesthesia [17-19].

The aim of this study was (1) to evaluate whether the
NIPE system could be a useful tool for the continuous
monitoring of discomfort and pain, compared to the clini-
cal COMFORT Behavior Scale when nebulizing children
with bronchiolitis admitted to a PICU; and (2) to determine
whether NIPE values vary when two different nebulization
systems are used.

2 Methods
2.1 Participants

Infants with bronchiolitis and treatment with High Flow
Nasal Cannulas (HFNC) and aerosol therapy were enrolled
in this prospective observational study in the PICU of a
tertiary university hospital between January 2017 and May
2017. The use policy for nebulizations in children with bron-
chiolitis in our PICU is dependent on the physician responsi-
ble for the patient, an initial test generally being performed
and prescribing nebulizations if the clinical response is suit-
able. Children more than 24 months old with arrhythmia or
cardiac malformation were excluded from the study. This
study respected the Helsinki Declaration and was approved
by the local Institutional Review Board (Comité Etico de
Investigacién Clinica del Area de Salud Burgos y Soria, Ref:
CEIC-1558). Informed consent was requested from parents.

2.2 Study design

After parental consent was obtained, subjects were rand-
omized by a computer-generated random number list to
begin the nebulization with a jet nebulizer (JN) or a nebu-
lizer integrated in the HFNC system (NHF), alternating the
nebulization device.

The NIPE monitor (NIPE, MDMS, Loos, France) was
connected to the electrocardiogram and data recording
enabled until nebulizations ended during admission. The
algorithm used for NIPE computation has been previously
described [15, 18]. It expresses a numerical value between
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0 and 100; high values correspond to high parasympathetic
activity reflecting the wellbeing of the patient. The NIPE
calculates two indexes: averaged value (NIPEm) for chronic
or prolonged pain and instantaneous reading (NIPEi) for
acute pain. We used the NIPEi to evaluate this procedure.

Clinical comfort was assessed using the COMFORT
Behavior Scale (CBS) by nurses who had received specific
training in this area, at 3 different times: T1 =35 min before,
T2 =during, and T3 =5 min after the nebulization. Each
CBS item is scored from 1 to 5, and the final score range is
the sum of the six behavioral items. This made 6 the low-
est possible score (no pain) and 30 the highest (the greatest
pain) [19].

2.3 Measurement and analysis

Our working hypothesis was that NIPE would detect changes
in the level of discomfort or pain experienced during nebuli-
zation, and that its values would vary as clinical assessment
scale scores had varied, depending on the type of nebuliza-
tion system used [20].

The NIPE system stores the values obtained in each
minute in its internal memory, as well as the quality of the
signal at that time (Quality), such that ‘1’ reflects an ade-
quate recording signal and ‘0’ reflects an inadequate signal.
Once NIPE “Zero Quality” values had been removed from
a total of 102 nebulizations on a total of 14 patients, the
final sample size that was available for analysis amounted
to 2833 NIPE values from 84 nebulizations performed on
14 patients. These measurements were evenly distributed
amongst both nebulization systems: 1412 NIPE values from
40 nebulizations using NHF and 1421 NIPE values from 44
nebulizations using JN.

In order to analyze the changes in the comfort-discom-
fort, the “difference’ (Dif) variables were used. These vari-
ables (Dif-NIPE and Dif-CBS) were created so that NIPE
and CBS comfort measurements could be compared during
the whole nebulization period (T1 to T3). “Dif-CBS” was
defined as the median of the differences between the maxi-
mum and minimum scores obtained when CBS was applied
at each moment of the nebulization period (T1, T2 and T3).
Dif-NIPE represented the difference between the 75th and
25th percentiles of the NIPE values during the same period
as CBS (from T1 to T3).

Comfort levels were assessed using CBS and NIPE for all
nebulizations as a whole and also for each of the two nebu-
lization systems used (JN and NHF). A correlation study
between the two comfort monitoring systems (clinical scale
and NIPE monitoring) was made, and the two nebulization
systems were compared (JN vs. NHF).

Other variables potentially associated with the comfort-
discomfort state were collected: date and time; food intake;
administration of painkillers, whether the patient was being
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handheld by a parent or not; physiological variables (Heart
Rate (HR), Respiration Rate (RR); and the administration of
supplemental oxygen as fraction of inspired oxygen (FiO,)).

2.4 Data analysis and statistics

Absolute and relative frequencies were calculated for each
qualitative variable, and differences based on nebulization
system were identified using Chi square or Fisher's exact test.
For quantitative variables, median [25th—75th percentile] were
obtained according to nebulization system and time period.
Spearman’s correlation coefficient (r,) was used to measure
correlation among the CBS (Dif-CBS) and NIPE values
(DifNIPE), and nonparametric testing (Mann—Whitney’s U
test) was used to compare the two nebulization systems in
each time period. ANOVA for repeated measures was used
when CBS scores were compared during different moments
within the same nebulization (T1, T2 and T3) for each of the
two nebulization systems (NHC and JN). When Dif-CBS and
Dif-NIPE were being compared, a “patient” variable was intro-
duced in order to reflect the number of nebulizations adminis-
tered to each individual patient. Values of P < (.05 were con-
sidered to be statistically significant.

Statistical analyses were performed using statistics software
(PASW Statistics 18.0, SPSS, Chicago, Illinois).

3 Results

A total of 84 nebulizations were recorded on 14 patients with
bronchiolitis admitted to the PICU, (Table 1).

3.1 CBS and NIPE monitoring

CBS values increased during nebulization (T2) as compared
to the period before (T1): median [25th—75th percentile] of 15
(11-19) Vs 13 (9-15) (P<0.001), with a difference of 4 points
(2-7) when the whole period (from T1 to T3) was considered.

As regards to NIPE monitoring, Dif-NIPE was 9 points
(7-10) during the whole T1 to T3 period. The correlation
coefficient between Dif-NIPE and Dif-CBS was: r, 0.162
(P=0.142) (Fig. 1).

Considering the 84 nebulizations, heart rate increased
significantly from 133 bpm (114; 144) before the nebuliza-
tion (T1) to 137 (120.00; 151.00) during aerosol therapy
(T2) (P=0.007). This variation between T1 and T2 for the
CBS showed a correlation of r, 0.596 (P <0.001).

3.2 Differences between the two nebulization
systems (NHF and JN) using CBS and NIPE

Of the 84 nebulizations, 40 were performed with the nebu-
lization system integrated in the HFNC (NHF), and 44 with
the conventional nebulizer (JN).

Table 1 Study population (n=14)

Characteristics Results
Age (months) 6 (3.1-9.5)
Sex (male/female) 75
Weight (kg) 7(6-9)
Height (cm) 64 (57-68)
Cephalic perimeter (cm) 42 (39-44)
Bronchiolitis scale® 8 (7-10)
First episode of acute moderate to severe bronchiolitis 0 (64%)
Virus isolated
Respiratory syncytial virus 8 (57%)
Rinovirus 6 (43%)
Metapneumovirus 2 (14%)
Coronavirus 3(21%)
Parainfluenza 3 2 (14%)
Adenovirus 2 (14%)
Enterovirus 1(7%)

Quantitative variables are expressed in median (P25-P75), while cat-
egorical variables are expressed in n (%)

“Bronchiolitis Scale: San Juan de Dios Hospital-Bronchiolitis Scale
(0-5 points =mild, 6-10=moderate, 11-16 =severe)

There were no significant differences at baseline
between the groups (NHF and IN) when analyzing the
time since last food intake, being held in the arms of
relatives, time of day (day time-night time), use of anal-
gesia, oxygen saturation, fraction of breathed oxygen,
the breathing frequency, or heart rate before nebuliza-
tion. Both nebulizers showed an increase in heart rate and
breathing rate between T1 and T2, which was statistically
significant in the case of IN (P=0.010) (Table 2).

During nebulization (T2) the CBS showed higher scores
using JN compared with NHF: 17 (13-22) vs. 13 (9-15),
respectively (P=0.001). IN CBS scores were higher
(P =0.005) than those obtained using NHF in all moments
of the nebulization period (T1, T2, T3).

The number of nebulizations with a CBS score < 17
(53/84) was higher in the NHF group (33/53) than in the
JN group (20/53) (P <0.001).

During the whole period (from T1 to T3), Dif-CBS was
greater for NHF compared with JN: 3 (0-7) Vs 6 (2-9)
(P=0.014).

No differences were found between the Dif-NIPE from
T1 to T3 with NHF system and JN: 9 (7-10) vs 9 (7-10)
(P=0.706), and correlation comparing the Dif-NIPE vari-
ables with Dif-CBS for each of the nebulizating systems
was r, 0.272 (P=0.089) and r, 0.116 (P=0.452) for the
NHF and JN systems, respectively.
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4 Discussion

Providing comfort in critically ill infants and children, and
minimizing their anxiety, fear, and distress, are important
parts of the daily activities in a PICU. However, in spite
of its frequency, pain in this group of population is often
underestimated and undertreated [21]. The aim of this
study was to examine a tool that could shed some light in
the challenging task of interpreting pain and discomfort in
this patient group. The population chosen was infants with
bronchiolitis admitted to PICU, with demographics similar
to those described in previous studies [22]. The reason for
choosing this disease, apart from its elevated incidence, was
the frequent use in this group of treatments with potential
discomfort, such as nebulizations [23]. In this paper, the
results from a smaller previous study are corroborated, since
it has been consistently found that nebulizations constitute
a scource of discomfort for patients. The degree of this dis-
comfort, as measured using clinical scales, is higher when
using a JN system compared to a NHF system [20].

The Comfort Behavior Scale (CBS) was designed for use
in pediatric populations with a similar age to the present
study [24], and it is a valid and reliable tool for assessing
comfort in critical care pediatric patients [25]. Like other
authors, we believe that pain scores are central to our ability
to evaluate and titrate pain relief [26].

However, the use of clinical scales has a series of dis-
advantages, such as the inability to perform them con-
tinuously, the degree of subjectivity, and the care burden
involved for the health staff. Thus, the clinical potential of
a clinical monitoring system like the NIPE. The NIPE is a
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0-100 non-invasive index, calculated from heart rate vari-
ability analysis, which provides a continuous measurement
of the parasympathetic tone as a surrogate for the analge-
sia-nociception balance, with high values corresponding to
maximal parasympathetic activity (analgesia) and low values
corresponding to sympathetic activation (nociception) [16].
Its use has been validated in children up to 2 years of age.

In adult patients, this monitoring system, called the Anal-
gesia Nociception Index (ANI), has demonstrated that the
respiratory variability of heart rate decreases in response to
painful stimuli during general anesthesia or in post-anesthe-
sia care unit [27-29], and it has also been used to evaluate
pain in awake surgical patients [14], and in pregnant women
during labor [30]. There are much less studies carried out in
pediatric patients compared to adults with this monitoring
system, the majority being focused on the field of anesthesia
[17, 19, 31] and very few in neonates and preterm neonates
[32, 33].

As far as we know, the data presented here are the first
regarding the usefulness of the NIPE in children with spon-
taneous breathing admitted to a PICU with no surgery
performed. In the present study, the NIPE appears to be a
sensitive tool to detect changes during nebulization, as a
variation was detected in the NIPE values of 9 points during
nebulization. However, these changes were almost identical
between one nebulization system and the other. These results
contrast with the variations in comfort that the clinical CBS
detected during nebulization, as well as the greater clini-
cal discomfort of the IN nebulization system compared to
the NHF [20]. If a score of less than 17 on the CBS scale,
like that determined by Van Dijk et al., is taken as a cut-off
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Table2 Patients characteristics during nebulization

NHF IN
N=40 N=44

Variables P value

Heart rate (beats/min)
Before nebulization 126 (111-141) 137(123-146) NS
130 (114-142) 141* (126-158) 0.005

132 (116-145) 136(127-148) NS

During nebulization
After nebulization
Breathing frequency (bpm)

Before nebulization 28 (22-33) 25 (22-33) NS
During nebulization 28 (25-32) 31%(27-38) 0.028
After nebulization 28 (23-33) 29 (23-35) NS
Oxygen saturation (%)
Before nebulization 98 (97-100) 99 (97-100) NS
During nebulization 99 (97-100) 100 (97-100) NS
After nebulization 99 (96-99) 99 (97-100) NS
Fraction of inspired oxygen
Before nebulization 30 (25-40) 33 (25-40) NS
During nebulization 30 (25-40) 35 (25-40) NS
After nebulization 30 (25-40) 30 (25-40) NS
Parent’s arms 2 (5%) 6 (14%) NS
Time after eating NS
>1h 29 (73%) 31 (70%)
<1lh 11 (28%) 13 (30%)
Time of the day NS
Day time (8:00-22:00) 29 (73%) 37 (84%)
Night time (22:00-8:00) 11 (28%) 7 (16%)
Use of analgesics 0 1(2%) NS

Quantitative variables are expressed as median (interquartile range).
Categorical values are expressed as n (%)

NHF nebulization system integrated in High-Flow nasal cannula, JN
jet nebulizer

#*P<0.05 obtained by Wilcoxon test comparing before and dur-
ing nebulization. P value for each variable between NHF and IN. P
vahie <0.05 was considered statistically significant

point for the administration of analgesics [34], the number
of patients with values below 17 during nebulization was
significantly higher with JN than with NHF.

This lack of correlation between the comfort difference
during the nebulization with the NIPE and the measurement
with the clinical scales has also been found in adult patients
[14, 35]. Furthermore, there could be other explanations for
these findings in our study. In the first place, an increase
of 4 points was found in the HR compared to the baseline,
there being a slight correlation with the change in the clini-
cal CBS. This increase of barely 1% difference from the
increase found in other studies supports changes in the HR
of 10-25% as a good indicator of nociception [17, 36]. In
pediatrics, and in pediatric anesthetics in particular, it is nor-
mal practice to monitor changes in HR from baseline as an
indicator of pain and discomfort [37, 38]. As such, Migeon
et al. showed that ANI measurements decreased after skin

incision in children over 2 years of age anesthetized with
sevoflurane. This could be used in combination, or as an
alternative to HR monitoring [17]. Ledowski et al. observed
similar results, concluding that ANI might provide a more
sensitive assessment of nociception in anesthetized children
than hemodynamic parameters or skin conductance [39].
However, the percentage rise in HR required to identify a
painful stimulus in children is debatable, some studies not
finding changes in the HR in painful procedures [40, 41], or
even emphasizing the need for caution in interpreting heart
rate as an index of comfort [42]. Secondly, we had to exclude
a number of NIPE values with Quality ‘0’ which meant not
analyzing 18% of the nebulizations. However, the number
of nebulizations rejected in each nebulization system was
similar; thus this should not be the reason why we did not
find any differences between the two nebulizers used.

In any case, it is worth noting, given that the NIPE sys-
tem depends on the quality of the ECG signal, that it may
have limitations in awake infants whose continuous move-
ment interferes in the ECG trace. This fact could explain the
contrast with the potential of this system in older pediatric
patients. Nonetheless, these are the children in whom pain
assessment can be the most challenging.

Third, a limitation of our study is that, owing to its design,
it does not permit determination of the NIPE values at the
exact same time as the clinical scales. The non-integration
of the monitor as a routine tool in our unit meant that the
exact time of the evaluation of the scale will not be noted
correctly in the monitor, obliging us to rule out this line of
study, and focus instead on analysis of the difference of the
values obtained during the entire period. In future research
we aim to measure not only the magnitude of NIPE variation
during nebulization, as was done in this present paper, but
to investigate whether the direction of this change (increase
or decrease) indeed correlates to the variations in comfort
levels measured using clinical scales.

Finally, we cannot rule out the possibility that factors
such as noise, and other environmental factors common to
a PICU, might have influenced the values recorded by the
NIPE [42, 43]. Although randomization of the nebulization
of each system would have decreased this bias, these factors
were not analyzed.

In summary, this study demonstrates the variation in
discomfort during nebulization in the patient with bronchi-
olitis with NIPE monitoring, although it does not seem to
correlate well with the clinical evaluation. Clinical scales
like the Comfort Behavior Scale are good tools to evaluate
the discomfort and pain generated by nebulization in non-
sedated patients breathing spontaneously, presenting with
bronchiolitis. More studies are needed before being able to
recommend the NIPE monitor as an alternative to the evalu-
ation of comfort by more traditional methods, such as HR
monitoring and the use of clinical scales.
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Debilidades, fortalezas y oportunidades:

“Hacen mds por la medicina quienes buscan que quienes concluyen”. (Angeles Mastretta)

Este trabajo surge como la necesidad de contrastar los resultados obtenidos en las escalas
de confort al evaluar dos sistemas de nebulizacion en pacientes con bronquiolitis (ver punto
2.4.1.). Las escalas presentan algunas limitaciones por lo que creimos que seria relevante
realizar un proyecto en el que se comparara la escala COMFORT-Behavior con una de las
Ultimas herramientas ofertadas al personal sanitario, el sistema de monitorizacion Newborn

Infant Parasympathetic Evaluation (NIPE) (MDMS, Loos, France).

La tecnologia se ha convertido en parte de nuestra vida con herramientas que contribuyen
a facilitar nuestro dia a dia. La medicina se ha beneficiado de este avance tecnoldgico
vertiginoso, llegando a cambiar la asistencia médica y permitiendo llegar a diagndsticos mas
precisos y tratamientos mas especificos. Sin embargo, en ese auge tecnoldgico que vivimos,
“no es oro todo lo que reluce” y los médicos debemos conservar la actitud critica que nos

permita hacer un uso racional y ético de este sinfin de ofertas tecnoldgicas.

Mas concretamente, en el campo del dolor y especialmente en el paciente pediatrico, se
han desarrollado en los Ultimos afios herramientas que nos han permitido diagnosticar
situaciones de estrés y dolor previamente desconocidas. En nuestro caso quisimos emplear una
de las mas novedosas, el sistema de monitorizacion Newborn Infant Parasympathetic
Evaluation, NIPE. El hecho de que fuera no invasiva, su sencillo manejo y su potencial
relevancia en caso de ser realmente Util, fueron las claves para su implantacion en una UCIP ya
concienciada con la importancia del confort. Ademas, la monitorizacion continua nos permitid
la obtencidn de los valores NIPE a la vez que se realizaban las evaluaciones del confort de cada

nebulizacidn con la escala clinica CBS.
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A dia de hoy, son muy pocos los estudios que han empleado este tipo de tecnologia en
pacientes pediatricos, centrados la mayoria de ellos en anestesia (160)(161)(162) y unos pocos
en el paciente neonatal y pretérmino (163)(164). Nuestro trabajo ha sido la primera publicacion
que ha evaluado el uso del sistema NIPE en pacientes despiertos (respiracion espontanea)
no quirurgicos ingresados en una UCIP. Y precisamente, la mayor parte de las limitaciones
que hemos encontrado han estado en relacion, directa o indirectamente, con la originalidad y

novedad del estudio.

La primera de ellas reside en el disefno del trabajo. El monitor NIPE permite el registro de
eventos mediante la anotacion de estos en la pantalla. El personal sanitario de las unidades de
cuidados intensivos estamos familiarizados con esta rutina en otros sistemas de monitorizacion
continua, como el electroencefalograma integrado por amplitud o la oximetria cerebral no
invasiva. En este proyecto se compararon los valores del NIPE con los resultados de las escalas
clinicas anotados en el cuaderno de recogida de datos. Aunque se registro la hora en la que se
realizo la escala, la no integracion del NIPE como una herramienta rutinaria en nuestra unidad
se tradujo en una ausencia de la anotacion de ese momento exacto en el monitor. Por este
mismo motivo nos centramos en el analisis de la diferencia de valores obtenidos durante el
periodo entero de tiempo. Esta limitacion metodoldgica se corregird en futuros estudios en
los que se medird no solo la variaciéon sino que se incluiran valores puntuales con los que
comparar los resultados de las escalas, teniendo en cuenta que el tiempo preciso para realizar
correctamente la escala CBS son dos minutos (165). En seqgundo lugar, al recoger los valores
NIPE tuvimos que excluir los valores NIPE “Quality o”. El software permite almacenar los
valores obtenidos en cada minuto en su memoria interna, asi como la calidad de la sefal en ese
momento (Quality), de forma que “1” refleja una adecuada sefal y “0” una inadecuada senal
(Figura 11). La exclusion de los valores “Quality 0" supuso dejar de analizar el 18% de las
nebulizaciones registradas. Sin embargo, el nUmero de nebulizaciones excluidas en cada tipo

de nebulizador fue similar, por lo que ésta no fue posiblemente la razén por la que no
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encontramos diferencias entre los dos nebulizadores empleados. En cualquier caso, creemos
que el numero de nebulizaciones excluidas no es realmente alto dado que el sistema NIPE
depende de la calidad de la sefial del electrocardiograma, la cual se ve alterada de forma muy
frecuente en nifos pequefos despiertos. Este hecho podria explicar el contraste del potencial
de este sistema entre lactantes y nifos mas mayores o adultos. Con el tiempo hemos detectado
que empleando determinadas derivaciones del electrocardiograma y con unos electrodos
neonatales reforzados con apdsitos para evitar que se despeguen, la calidad de la sefial mejora
y el numero de “Quality 0” disminuye. Finalmente, aunque la aleatorizacion del uso de cada
nebulizador disminuyera el posible sesgo de la influencia de factores extrinsecos, no pudimos
descartar la posibilidad de que variables como el ruido u otros factores ambientales comunes

en las UCIP, pudieran haber influido en los valores del NIPE.

La combinacion de multiples parametros puede conducir a una mejor prediccion de la
intensidad del dolor (166)(167). Aunque en el estudio no se ha visto una correlacion entre los
valores del sistema NIPE y los obtenidos en la escala clinica, ambos han demostrado la
existencia de una variacion en el disconfort durante la nebulizacion en pacientes con

bronquiolitis.

Esperamos que las limitaciones comentadas se traduzcan en mejorias metodoldgicas para
posteriores trabajos en los que se emplee el sistema NIPE en lactantes despiertos. Es en ellos
donde el conocimiento de confort y dolor adquiere su maxima relevancia y el sistema de
monitorizacion NIPE puede ser una alternativa o complemento a la evaluacion del confort con

métodos mas tradicionales como la frecuencia cardiaca o las escalas clinicas.
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2.4.2 Impact of nebulizer integrated into HNFC (NHF) compared with a jet nebulizer

on patient comfort and satisfaction in bronchiolitis

Valencia-Ramos J., Ochoa C., Garcia M., Oyagiez P., Arndez J. Impact of nebulizer
integrated into HNFC (NHF) compared with a jet nebulizer on patient comfort and satisfaction

in bronchiolitis. Under revision in Pediatric Pulmonology.

Resumen:

Objetivo. Comparar los cambios en el confort y satisfaccion, analizados por personal
sanitario y cuidadores, de un sistema de nebulizacion integrado en la oxigenoterapia de alto
flujo (NHF) en comparacion con un nebulizador convencional tipo jet (JN) en pacientes con

bronquiolitis.

Diseno del estudio. Estudio prospectivo cruzado realizado en una unidad de cuidados
intensivos pediatrica (PICU en sus siglas en inglés) en pacientes que estuvieran recibiendo
oxigenoterapia de alto flujo (HFNC en sus siglas en inglés) y aerosolterapia con NHF y JN. La
escala COMFORT-By la escala numeérica de confort (NRSc) y NRSs en el caso de la satisfaccion
fueron medidas por personal sanitario y cuidadores antes, durante y después de cada
nebulizacion. Ademas, se registraron otras variables: nutricion, administracion de analgesia o

necesidad de contencidn en brazos, asi como frecuencia cardiaca y respiratoria.

Resultados. Se incluyeron 33 nifios y se administraron 233 nebulizaciones. La edad media
(IQR) fue de 3,00 (2;9) meses. El confort y satisfaccion empleando NHF comparado con JN fue
superior. Las medias de las escalas CBS, NRSc y NRSs de NHF y JN medidas por el personal

sanitario y familiares fueron: 13 (9;15) vs 17 (13;23), 8 (7;10) Vs 7 (4;8), 4 (3,4) Vs 2 (2;3), Y 12 (20;
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15) Vs 19 (13; 24), 9 (7; 10) Vs 4 (3; 6), 4 (3; 4) Vs 2 (3; 3) respectivamente (p<0,001). Las
nebulizaciones empleando NHF comparadas con JN tuvieron frecuencias cardiacas vy

respiratorias menores, y menor necesidad de analgesia o contencion en brazos (p<o,001).

Conclusiones. El confort y satisfaccion generados con NHF fue mayor que con JN. Los
cambios clinicos observados podrian orientar al confort como una variable a tener en cuenta en

la aerosolterapia en nifios con bronquiolitis.
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Abstract:

Objective To compare the differences in the levels of comfort and
satisfaction achieved by patients with bronchiolitis who received
nebulizations using a system integrated into high flow nasal cannula
(NHF) as opposed to a conventional jet nebulizer {IN).

Study design. Prospective cross-over study of inpatients in a pediatric
intensive care unit (PICU) requiring high flow nasal cannulas (HFNC) and
aerosol therapy with NHF and JN. COMFORT-B scale (CBS) and Numeric
Rating scale (NRSc) were used by staff and caregivers for measuring
comfort, and NRSs for assessing satisfaction, before, during and after
nebulizations. Other recorded variables included: feeding, painkiller
therapy, the need for being held, and respiratory and heart rates.
Results Thirty-three children and 233 nebulizations were included in our
study. Median (IQR) age was 3.0 (2;9) months. Comfort and satisfaction
were greater when using NHF as compared to JN. Median staff-recorded
CBS, NRSc and NRSs scores for NHF vs JN were 13 (9;15) vs 17
(13;23), 8 (7;10) vs 7 (4;8) and 4 (3;4) vs 2 (2;3) respectively; and
caregiver scores were 12 (10;15) vs 19 (13;24), 9(7;10) vs 4 (1,6), 4
(3; 4) vs 2(1;3), (p<.001). When children received NHF instead of JN
nebulizations , they had lower cardiac and respiratory rates, needed to
be held less often during therapy and required fewer painkillers
(p<.001).

Conclusions Comfort and satisfaction were greater with NHF than with
IN. The observed clinical changes suggest that comfort could be a
relevant variable for infants with bronchiolitis receiving aerosol therapy.
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Abstract

Background: To compare the differences in the levels of comfort and satisfaction
achieved by patients with bronchiolitis who received nebulizations using a system
integrated into high flow nasal cannula (NHF) as opposed to a conventional jet
nebulizer (JN).

Methods: Prospective cross-over study of inpatients in a pediatric intensive care unit
(PICU) requiring high flow nasal cannulas (HFNC) and aerosol therapy with NHF and
JN. COMFORT-B scale (CBS) and Numeric Rating scale (NRSc) were used by staff and
caregivers for measuring comfort, and NRSs for assessing satisfaction, before, during and
after nebulizations. Other recorded variables included: feeding, painkiller therapy, the
need for being held, and respiratory and heart rates.

Results: Thirty-three children and 233 nebulizations were included in our study.
Median (IQR) age was 3.0 (2;9) months. Comfort and satisfaction were greater when
using NHF as compared to JN. Median staff-recorded CBS, NRSc and NRSs scores for
NHF vs JN were 13 (9;15) vs 17 (13;23), 8 (7;10) vs 7 (4;8) and 4 (3;4) vs 2 (2;3)
respectively; and caregiver scores were 12 (10;15) vs 19 (13;24), 9 (7;10) vs 4 (1;6), 4
(3; 4) vs 2 (1;3), (p<.001). When children received NHF instead of JN nebulizations,
they had lower cardiac and respiratory rates, needed to be held less often during therapy

and required fewer painkillers (p<.001).

Conclusions: Comfort and satisfaction were greater with NHF than with JN. The
observed clinical changes suggest that comfort could be a relevant variable for infants

with bronchiolitis receiving aerosol therapy.
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INTRODUCTION:

The treatment of bronchiolitis remains a challenge for pediatricians, even today. Despite
it being the most common cause for hospital admission during infancy, its clinical
management is heterogenous and continues to be reviewed every year. !

The use of nebulized drugs, in hope of a potential bronchodilator effect, is common in
clinical practice, often as an initial trial and other times as a part of the intensive treatment
for a critically ill child, prescribed somewhat desperately when no other specific effective
measures exist. > Current guidelines, however, discourage the use of aerosol therapy due
to its lack of efficacy and the poor tolerability and discomfort caused by jet-type
nebulizers, especially in younger infants, *

While a definitive, specific treatment is longingly awaited, the mainstays of current
recommendations focus on ensuring adequate nutrition and respiratory support while
maximising patient comfort. 3¢ In recent years, the use of high-flow nasal cannulas
(HFNC) has become widespread and seems to be a safe and effective respiratory support
system. 710

We performed a randomized, cross-over trial in critically ill infants with bronchiolitis
with two aims: (i) to test the hypothesis that greater comfort was achieved during therapy
using a nebulizer integrated into HNFC (NHF) than with a jet nebulizer (JN), as recorded
by healthcare providers and caregivers using clinical scales, (ii) to explore any differences
between the two nebulization systems in terms of feeding routes and quantity, painkiller
requirements, the need to be held in the arms of caregivers and deviation from baseline

heart and respiratory rates during nebulization.
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METHODS

Study Design

This is a randomized controlled cross-over study conducted in a pediatric intensive care
unit (PICU) of a tertiary hospital including children younger than 24 months who were
diagnosed with bronchiolitis between November 2016 and May 2017. This study was
approved by the institutional review board (N° 1558), and informed consent was
obtained from the children and their caregivers.

The diagnoses of acute bronchiolitis were made according to definitions provided by the
National Institute for Health and Care Excellence (NICE). Each subject’s bronchiolitis
scale score (San Juan de Dios Hospital Bronchiolitis Scale !! (0 -5 = mild; 6-10 =
moderate; 11-16 = severe) was registered at admission.

After obtaining patient consent, patients were randomized by a computer-generated
random number list to begin nebulization with either JN or NHF, alternating the
nebulization device in subsequent medication doses. The number of nebulizations and
the choice of drug (salbutamol, 3% hypertonic saline, or epinephrine) for each subject
depended on clinicians’ decisions regarding their medical situation. HFNC was
delivered using the Optiflow system (Fisher & Paykel, Auckland, New Zealand).

JN group: HFNC were not removed when placing the jet nebulizer face mask. As a
standard, this mask (Cirrus 2 Pediatric, Intersurgical, Wokingham, United Kingdom})
was connected to a jet nebulizer with a gas flow of 8 I/min (Figure 1).

NHF group: The nebulizer integrated into HFNC system consisted of a mesh nebulizer
(AeroNeb Solo, Aerogen, Galway, Ireland) connected to the dry side of the MR290

humidifier chamber (Fisher & Paykel) (Figure 1).

Primary outcome
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In both groups, the primary endpoint was comfort measurement. For each nebulization,
comfort and satisfaction were recorded 5 minutes before, during, and 5 min after
treatment by both a PICU nurse and by caregivers, when they were present (Figure 1).
Comfort was assessed using the COMFORT-Behavior (COMFORT-B) scale 12 and a
numeric rating comfort scale (NRSc). Each of the 6 behavioral items in COMFORT-B
scale is scored from 1 to 5 and the total score, which ranges between 6 and 30, is the
sum of the scores of all items, where 30 represents no comfort and 6 represents the best
comfort imaginable. The sensitivity to change of the COMFORT-B scale has been
shown to be excellent, with a statistically significant mean decrease of 6 points
irrespectively of type of intervention and time between assessments. > The NRS
estimates pain with scores ranging from 0 to 10. '* For this study, we created a variant
of this scale, NRSc, where 0 represents no comfort and 10 represents the best comfort
imaginable. The decision to compare CBS with NRSc was based on the ease of use of
the latter and the fact that it was already being used by nursing staff in the PICUs
involved in the study. The same rationale was applied by Fagioli et al !° and Ista et al 1
when validating the CBS. COMFORT-B scores from 17 to 30 are thought to suggest
pain or distress. These scores, in combination with an NRS-pain score of 4 or higher, or
in our case NRSc of 6 or lower, suggest pain and require intervention according to the
appropriate pain and sedation protocols. 1718

Satisfaction was recorded by nurses and caregivers by means of a numeric rating
satisfaction scale (NRSs), where 0 indicates no satisfaction and 4 the best imaginable
satisfaction. Two satisfaction scores were recorded: perceived patient satisfaction (given
their young age, this was reported by their caregivers) and staff members’ or caregivers’

own satisfaction.
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One month prior to commencing the study, participating staff received a training course
on the different scales that would be used, as well as the research methodology and
schedule.

Heart (HR) and respiratory rates (RR) were recorded as surrogate variables of

discomfort, before, during and after nebulization.

Secondary outcomes

We investigated the occurrence of any differences between the two groups in terms of
feeding routes and quantity, painkiller requirements, and the need to be held in the arms

of caregivers (see Figure 1).

Statistical analysis

Absolute and relative frequencies were calculated for each qualitative variable, and
differences based on nebulization system were identified using chi-squared or Fisher's
exact test. Quantitative variables were described by means of their medians and
interquartile ranges (IQRs). Spearman’s coefficient (r;) was used to measure correlation
among the different measuring scales. Nonparametric testing (Mann-Whitney U test)
was used to compare both nebulization systems for each time period. Repeated
measures analysis of variance (ANOVA) was performed to determine the existence of
differences due to the nebulization system used in relation to each subject’s comfort
scores, severity scores, and duration of hospital stay. The number of subjects that should
be recruited to achieve a power of 0.8, alfa error of 0.05, and a mean difference of 4
point in the comfort scale was 34 patients. Power estimation for Comfort scale was

made with G¥Power 3.1.9.2 (Faul F, Erdfelder E, Buchner A, Lang AG. Statistical
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power analyses using G*Power 3.1: Tests for correlation and regression analyses.
Behavior Research Methods. 2009; 41: 1149-1160).

Multivariate linear regression analysis of CBS scores during nebulization was
performed. Pre-nebulization variables (related to feeds, the use of analgesia or sedation
and the need for being held in a caregiver’s arms), as well as the nebulization system
used, were included in the regression model. P values < .05 were considered to be
statistically significant. Statistical analyses were performed using statistics software

(SPSS version 18.0, SPSS, Chicago, Illinois).
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RESULTS
A total of 233 nebulizations were administered to 33 subjects with moderate acute
bronchiolitis (median score of 8 [[QR 7-10] points on the bronchiolitis scale). Table 1

presents their background characteristics.

Primary outcome. Comfort and satisfaction analysis for each nebulization system

Out of the 233 nebulizations, 109 were delivered via JN and 124 via NHF. No
significant difference was found between the drug used (salbutamol, 3% hypertonic

saline, or epinephrine) and the nebulizer employed (NHF or JN) (P = .906).

1- Comfort and satisfaction during nebulization as reported by staff and caregivers

Median comfort scores (obtained using CBS) were 13 (9;15) vs 17 (13;23) (p <.001)
for NHF and JN, respectively. The degree of comfort achieved during nebulization with
NHF and JN systems was recorded by healthcare staff using CBS, with a median score
of 13 points (IQR 9;15) for NHF and 17 (13;23) for IN (p <.001) and a statistically
significant median difference of one point for each of the scale items, except for muscle
tone, for which both systems obtained the same score. Significant differences between
NHF and IN were also found when assessing comfort using NRSc, with scores of 8
(7;10) vs 7 (4;8) respectively (p < .001). Satisfaction, measured via NRSs, was also
greater with NHF tan JN, both for the patient (as perceived by the staff member) and for
the staff members themselves, with median scores 4 (3; 4) vs 2 (2; 3) (p <.001) and 4
(4; 4) vs 2 (2; 3) (p <.001), respectively (see Table 2).

Caregivers were involved in a third of nebulizations (51 with JN and 53 with NHF).
Median caregiver scores for NHF and JN, obtained with CBS and NRSc, were 12 (10;

15) vs 19 (13; 24) and 9 (7; 10) vs 4 (1; 6), respectively, all of them statistically
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significant (p < .001). Patient satisfaction as perceived by their caregivers, and
caregivers’ own satisfaction with NHF and JN was 4 (3;4) vs 2 (1; 3) and 4 (4; 4) vs 2
(1; 3) respectively (p < .001 for both) (see Table 2).

Correlation between CBS and NRSc scales was -0.800 for healthcare staff (p <.001)
and -0.847 for caregivers (p < .001). Correlation between both groups for CBS, NRSc
and NRSs was 15 0.705, 0.693 and 0.578, respectively (p <.001).

Cut-off point analysis of comfort scores revealed that staff-reported rates of maximum
discomfort during nebulization (defined as a CBS score > 17 or NRSc < 6) were
significantly greater using JN than using NHF: 61% vs 21% and 78% vs 22%,
respectively (p < .05) (see Table 3). Furthermore, both cut-off points were reached
(CBS > 17 and NRSc < 6) significantly more often with JN than with NHF, both
reported by caregivers and by staff: 64% vs 17% and 44% vs 10% (p < .001 for both).
CBS scores increased by 6 or more points during nebulization as compared to moments
before starting therapy in 26% and 21% of caregiver and healthcare provider reports,
respectively, and there was a statistically significant difference between both
nebulization systems (JN vs NHF) in both reporting groups: 45% vs 9% for caregivers
(p <.001) and 33% vs 11% for staff (p <.001).

Correlation between HR and CBS scores was r; 0.595 (p<.001). Heart rate was found to
increase by 10.4% with CBS scores > 17 and by 1.7% when CBS < 17. The behavior of
this variable with each nebulization system was analyzed separately: HR increased
significantly during nebulization with both systems, but this increment was greater with
IN than with NHF (7% vs 2%, respectively) (p< .001): 146 (134 ; 161) vs a baseline of
136 (124 ; 145) bpm for JN and 135 (119 ; 152) vs a baseline of 132 (118 ; 146) for

NHF. (Table 4).
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Correlation between RR and CBS was 1 0.234 (p<.001), and there were no significant
differences in RR variation with different CBS scores: 9.4% with CBS > 17 vs 6.1%

with CBS < 17 (p=.744). Respiratory rate was significantly altered during nebulization
with JN: 33 (28 ; 40) vs 29 (23 ; 36) breaths/minute, but this did not happen with NHF.

(Table 4)

Secun outcome: Analysis of the potential impact of other variables on comfort.
(Table 4)

The patient was feeding during nebulization in 27 cases with NHF (21 orally and 6 via a
nasogastric tube) and in 3 cases with JN (all via a nasogastric tube).

Patients received painkillers during nebulization in 5% of cases with JN and 2% with
NHF and there was a difference in the need for sedation after nebulization: 6% with JN
and 1% with NHF (p = .028).

Children were being held in their parent’s or caregiver’s arms before nebulization at
similar rates for both nebulization systems (12% for JN and 10% por NHF). However,
this proportion rose to 48% during and 43% after nebulization using JN but it stayed
similar during nebulization with NHF (10%) and even decreased after finishing therapy
(7%) (p < .05).

Multivariate analysis did not identify any association between pre-nebulization
variables (the use of sedatives or painkillers, being held in arms, having been fed) and
differences in comfort levels using both nebulization systems. An increase of a mean of
4.8 points (CI195% 3.3 - 6.2; p<.001) was found in CBS score during nebulization with
JN compared with NHF. This increase was of 6.6 points (3.6 - 12.4; p=<.001) for the

CBS >/= 17 threshold, when using JN vs NHF.

11
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Linear regression analysis found that there was no relationship between the
aforementioned variables (the use of sedatives or painkillers, being held in arms, having
been fed) and changes in HR or RR with either of the nebulization systems. During
nebulization, HR and RR increased from their resting values by 7.3% (2.8; 11.8;

p=.002) and 14.4% (5.1; 23.6; p=.002), respectively.

12
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DISCUSSION

Based on this randomised cross-over trial on infants with bronchiolitis, we can confirm
that NHF nebulization is more comfortable than the traditional jet nebulizer system, as
measured by healthcare professionals and by caregivers using validated clinical scales.
This is also supported by the observed variations in physiological values such as heart
and respiratory rates and by the recorded need for analgesia or sedation, both
pharmacological and non-pharmacological (e.g. being held).

The scales using to assess comfort, CBS and NRSc, provided significantly different
scores during nebulization with a conventional system and with a nebulizer integrated
into HFNC. It has previously been reported that one of the factors that could modify the
efficacy of a nebulized drug is the patient’s ability to tolerate the nebulizer. !°
Bronchiolitis is a condition with a great socioeconomic impact, which forces us to
consider comfort during nebulizations (or a lack thereof) as one of the possible causes
due to which, despite a sound pathophysiological theory that would support its use, 20:21
no clear benefit has been found so far to back its systematic indication in clinical
practice. 223 However, accurately measuring comfort in pediatric critical care patients
admitted to a PICU is one of the most difficult challenges facing the attending staff. 2
For this study, we used CBS and NRS clinical scales, which are validated tools for
assessing comfort in PICU inpatients. 2526 With an aim to incorporate this study into our
daily practice, we used the NRSc scale, which was already being used in our unit.

One of the findings which we considered to be remarkable was the strength of the
correlation between clinical scales. There was satisfactory correlation between CBS and
NRSc, whether applied by staff of caregivers, which reinforces their clinical importance

and the potential usefulness of defining cut-off points for decision-making.

13
John Wiley & Sons, Inc.

96



Page 15 of 28

O ONOU AW =

Pediatric Pulmonology

We used the cut-off points for sedation scores which had been found to reflect pain in
previous studies. 16 A valid cut-off value is essential in order to optimize pain treatment
in patients who cannot report pain themselves, even if satisfactory pain reduction is
often difficult to prove. 27 COMFORT-B scores > 17 and NRSc < 6, whether
individually or combined, were obtained significantly more often with JN than NHF.
These results are along the same lines as previous reports which showed that reaching
those particular scores suggests pain and requires an intervention according to the pain
and sedation protocols that are in place. 172318

In addition, sensitivity to change, defined as the ability of an instrument to detect
statistically significant changes after a treatment intervention, is a relevant psychometric
property for pain measurement. 2° In the case of the CBS, Boerlage et al reported that a
6-point decrease showed great sensitivity to change before and after a pharmacological
intervention. 27 In our study, CBS increased by more than 6 points during nebulization
(from a baseline score recorded moments prior to starting the treatment) in significantly
more cases when using JN as compared to NHF.

This study follows a previous pilot-study carried out on 6 patients in our unit. 3 A
larger simple size and modifications to the study design have allowed us to further
explore certain relevant topics, such as the opinions of parents and other caregivers as
well as the analysis of the potential impact of comfort on other variables.

Parent involvement in the care of PICU children is one of the mainstays of family-
centered care (FCC) of critically ill pediatric patients. The results of this study show
that, with adequate training and motivation, caregivers were able to identify stress and
discomfort. It is in fact amongst caregivers that the perceived differences in comfort

between different nebulizer systems are greatest. These data further illustrate the

14
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benefits of FCC as an approach to care that supports the parental role and the
involvement of parents in the care of their child. 3132

Satisfaction scores also reflect this difference in the level of comfort achieved through
each of the nebulization systems. Both caregivers and healthcare providers clearly
preferred the nebulizer integrated into HFNC. The consistency between both groups of
raters reiterates the validity of the scales and the positive impact that the presence of
parents has in PICUs, 33

In this study, we found differences between the two nebulization systems in terms of
painkiller requirements and also in the need to be held in order to tolerate the treatment.
Sedation and analgesia are fundamental components of the treatment of these patients
3433 since they allow nursing staff to perform invasive procedures safely and facilitate
synchronisation with the patient’s respiratory support. 35 Although painful and stressful
procedures are, unfortunately, not completely avoidable in pediatric critical care, 3
these results show that reducing discomfort during nebulization, and in turn decreasing
analgesic intervention, is possible. This could help minimize the effects associated with
poorly controlled pain, like decreased immune responses, poor sleep, decreased physical
function, anxiety, or future psychiatric problems. 3637

Besides that, physiological variables such as cardiac and respiratory rates, which are
fundamental items in bronchiolitis severity scales !! and in the assessment of treatment
success in patients with respiratory failure, ¥ were significantly increased during
nebulization with the conventional system. This seems to back the notion, previously
identified by clinical scales, that there is a difference in the level of comfort experienced
with each nebulization system, and it supports the use of these variables in further

studies aimed at assessing the efficacy of nebulized drugs in this illness.
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This study had some limitations. It was performed in a single center. Additionally, other
variables which could influence stress or discomfort, such as noise or brightness levels,
were not registered. 3° Body temperature would have been interesting to record, since its
variations can affect heart rate. 4 Finally, CBS has been validated in several different
languages, but not in Spanish, although it has already been used as valid in previous
studies. 40 For this project we used the original CBS version, 2° but a validated version in

our language would be ideal in order to facilitate its use and distribution.

Reducing patient discomfort is an ethical imperative, more so when the efficacy of the
treatments causing such discomfort is not clear. Clinical scales such as COMFORT-B are
suitable and necessary for assessing the degree of comfort or pain experienced by
pediatric inpatients during procedures. A nebulization system integrated into a high-flow
oxygen therapy interface allows for a greater level of comfort than the conventional
system currently used in the treatment of bronchiolitis, and also achieves better
satisfaction scores both with healthcare providers and with patients’ relatives. The
differences in physiological variables (such as HR and RR), a lower need for analgesia
and the ability to continue feeding during treatment also reflect this difference in comfort.
These advantages of the NHF system could be a gateway for further research into the
efficacy of nebulization in bronchiolitis which might help improve its future management

and outcomes.
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Comfort measurement

COMFORT-Behavior scale (COMFORT-B)
Numeric rating comfort scale (NRSc)

Satisfaction measurement

Numeric rating satisfaction scale (NRSs)

Other variables

Analgesic drugs
Held in arms.
Nutrition

Heart rate
Respiratory rate

Sequence of interventions and variables analyzed, before, during and after nebulization

338x190mm (96 x 96 DPI)
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Table 1. Children’s background characteristics (n =33)

Variable

Sex: m/f; n (%)

Age in years; median (IQR)

Weight in kg, median (IQR)

Score Bronchiolitis median (IQR)

First episode of Bronchiolitis: y/n; n (%)

VRS: y/n; n (%)

Other virus: y/n; n (%)

VRS and other virus; n (%)

Factors of severity: y/n; n (%)

Value

18 (55) / 15 (45)

3.00(2; 9)

5.6 (4; 7)

8(7; 10)

163 (70) / 70 (30)

176 (76) / 57 (24)

133 (57) / 100 (43)

12 (36)

31(13) /202 (87)

Quantitative variables are expressed in median (P25—P75), while categorical

variables are expressed in n (%).

Factors of severity: prematurity, cardiopathy, bronchopulmonary dysplasia, neuromuscular

disease, or immunodeficiency; Other virus: Adenovirus, bocavirus, coronavirus, enterovirus,

metapneumovirus, parainfluenza 3, rinovirus.

John Wiley & Sons, Inc.
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Table 2. Comfort and satisfaction analyzed by health staff and caregivers.

Pediatric Pulmonology

Total Nebulizations (n=233) IN (n=109) NHF (n=124)
n ‘ Median IQRs n Median IQRs n | Median IQRs
Before 232 12 (8;15) 109 13 (9;16) 123 11° (7;14)
COMFORT-B | During 229 14" (10;19) 108 17 (13;23) | 121 13/ (9;15)
After 224 13" (8;15) 107 13" (10;15) | 117 12* (8;15)
E Before 229 9 (8;10) 107 8 (7;10) 122 9" (8;:10)
wv
% NRSc During 226 8" 6;9) 105 7 4;8) 121 g/ (7;10)
* After 222 g (7; 10) 105 8" (7;9) 117 9™ (7; 10)
NRSs Patient 231 3 (2;4) 108 2 (2;3) 123 4" (3;4)
NRSs Health Staff 229 3 (2;4) 106 2 (2:3) 123 4" 4;4)
Before 102 12 (10; 15) 49 13 (10; 16) 53 12 (8;14)
COMFORT-B | During 104 14" (11;21) 51 19" (13;24) 53 12**  (10;15)
After 102 12" (10; 15) 51 13" (10; 16) 51 12 (9;14)
g Before 78 8 (7:10) 37 8 (5;9) 41 9" (8;10)
% NRSc During 78 7 (3;9) 37 4" (1;6) 41 9 (7;10)
° After 77 8" (6; 10) 37 7 (5;9) 40 9 (7; 10)
NRSs Patient 91 3 (2;4) 45 2 (1;3) 46 4" (3;4)
NRSs Caregiver 91 3 (2;4) 45 2 (1;3) 46 4" (3;4)

John Wiley & Sons, Inc.
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NHF, nebulization system integrated in High-Flow nasal cannula; N, jet nebulizer; NRSc, numeric rating comfort scale; NRSs, numeric rating satisfaction scale.
* P<,05 when comparison was made between NHF and JN
** P<.05 for each variable between the nebulization and the previous moment.

P value < .05 was considered statistically significant.

John Wiley & Sons, Inc.
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Table 3: Cutoff points for comfort scores analyzed by health staff and caregivers.

GENERAL N NHF
Total n n % Total n n % Total n n %
Iy Before 232 35 15% 109 21 19% 123 14 11%
i
&)
\ During 229 76 33% 108 58 54% 121 18" 15%
©
b
£ After 24 36 16% 107 19  18% 117 17 15%
T
= Before 102 18 18% 49 11 22% 53 7 13%
2
‘-I’ During 104 42 40% 51 31 61% 53 11° 21%
g
g After 102 16 16% 51 10 20% 51 6 12%

v Before 229 18 8% 107 10 9% 122 8 7%
]

o
=
‘d:] During 226 76 34% 105 52 50% 121 247 20%
a
=
= After 222 35 16% 105 16 15% 117 19° 16%
z
© Before 78 18 23% 37 13 35% 41 5 12%
o
E

' During 78 38 49% 37 29 78% 41 9 22%
g

g

5 After 77 22 29% 37 16 43% 40 6 15%
Q

NHF, nebulization system integrated in High-Flow nasal cannula; IN, jet nebulizer; NRSc,

numeric rating comfort scale; CBS, COMFORT-Behavior scale

* P < .05 when comparison was made between NHF and N

Pvalue < .05 was considered statistically significant.

John Wiley & Sons, Inc.
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Table 4: Analysis of the potential influence of other variables on comfort.

Time of day

Analgesia

Held in arms

Time after eating

(<1hour) by mouth

Heart rate

(beats/min)

Respiratory rate

(/min)

Day time (08:00h-22:00h)

Night time (22:00h-08:00)

Before-nebulization

During-nebulization

Post-nebulization

Before-nebulization

During-nebulization

Post-nebulization

Before-nebulization

During-nebulization

Post-nebulization

Before-nebulization

During-nebulization

Post-nebulization

Before-nebulization

During-nebulization

Post-nebulization

Total Nebulizations (n=233)

170 (73%)

63 (27%)

7 (3%)

7 (3%)

8 (3%)

25 (11%)

38 (16%)

31 (13%)

85 (44%)

84 (43%)

91 (46%)

134 (121 ; 145)

140 (126 ; 158)"

138 (123 ; 153)

29 (24 ; 35)

31(26;38)"

30(25; 35)

IN (n=109)

86 (79%)

23 (21%)

6 (6%)

5 (5%)

7 (6%)

13 (12%)

25 (23%)"

23 (21%)

41 (43%)

33 (35%)

44 (45%)

136 (124 ; 145)

146 (134 ; 161)™

138 (128 ; 152)

29 (23 ; 36)

33 (28 ; 40)"

30 (25 ; 36)

NHF, nebulization system integrated in High-Flow nasal cannula; IN, jet nebulizer.

John Wiley & Sons, Inc.
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NHF (n=124)

84 (68%)

40 (32%)

1(1%)

2 (2%)

1(1%)"

12 (10%)

13 (10%)"

8 (7%)"

44 (44%)

51 (50%)"

47 (47%)

132 (118 ; 145)

135 (119 ; 152)"

138 (121 153)

29(25; 35)

29 (25; 36)°

29(25; 34)
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Quantitative variables are expressed in median (P25-P75), while categorical variables are

expressed in n (%)

* P<.05 when comparison was made between NHF and IN
** P<.05 for each variable between the nebulization and the previous moment.

P value < .05 was considered statistically significant.

John Wiley & Sons, Inc.
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Debilidades, fortalezas y oportunidades:

“El buen médico trata la enfermedad; el gran médico trata al paciente que tiene la

enfermedad”. (William Osler)

Los resultados obtenidos en el estudio previo (Incorporating a nebulizer system into high-
flow nasal cannula improves comfort in infants with bronchiolitis) y la ausencia de otros trabajos
que los pudieran contrastar (Tabla 4), invitaban a realizar un nuevo proyecto en el que se
evaluara el confort de un nebulizador integrado en la OAF frente al sistema de nebulizacion

convencional en pacientes con bronquiolitis.

Ademas, uno de los objetivos de este trabajo fue la obtencidon de un mayor tamaiio
muestral y poder solventar algunas de las limitaciones del trabajo previo (146), como el analisis
de potenciales cambios en la asistencia clinica secundarios al confort o la relevancia y papel

de los familiares en el analisis del confort.

Los resultados obtenidos tanto por familiares como personal sanitario reforzaron la
validez de la escala CBS como herramienta para medir el confort en el paciente pediatrico,
mostrandose una clara preferencia del sistema de nebulizaciéon integrado en la
oxigenoterapia de alto flujo. Este hecho se vio reforzado por el incremento significativamente
mayor de la frecuencia cardiaca y respiratoria al emplear el nebulizador convencional,
parametros fundamentales en las escalas de gravedad de la bronquiolitis (33)(168) y en el

analisis de la eficacia terapéutica en pacientes con insuficiencia respiratoria (169)(170).

Las puntuaciones de los familiares revelaron que este colectivo puede ser capaz de
detectar correctamente situaciones de estrés o disconfort. Esto mismo iria en consonancia
con los beneficios de la presencia y la participacion de los padres en el cuidado de los nifios

criticamente enfermos ingresados en las UCIP (156)(157)(171).
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Esta diferencia de confort se tradujo en cambios en el cuidado médico, tanto en la
administracion de analgesia como en la necesidad de contencidn en brazos dependiendo del
nebulizador empleado. La realizacion de nuevos estudios en esta misma linea, valorando la
eficacia clinica de ambos sistemas de nebulizacion, contribuiria al conocimiento del verdadero

papel de la aerosolterapia en la bronquiolitis.

Este trabajo, a pesar de compartir parte de la metodologia desarrollada en el estudio piloto
previo, no estuvo exento de limitaciones. No se registraron otras variables presentes en UCIP
y que podrian influir en el estrés o disconfort como son el ruido y la luz (172)(173). En el caso de
la frecuencia cardiaca hubiera sido interesantes registrar la temperatura corporal en cada

nebulizacion dada su potencial repercusion en el ritmo cardiaco (153).

Por Ultimo sefalar que la escala CBS se ha validado en distintos idiomas
(174)(275)(207)(276)(277). En nuestro pais ya se han publicado estudios centrados en la validez
de su contenido (83). Los resultados y experiencia tras emplear la escala CBS en los tres
proyectos clinicos (ver puntos 2.4.1, 2.4.3. y 2.4.4.) refuerzan la necesidad de una version en

espafol con el objetivo de facilitar su empleo y difusion.
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Tabla 4. Estudios clinicos de la nebulizacion en la OAF.

TapLE 2. CLiNICAL STUDIES ON NasalL HiGH-FLow NEBULIZATION

Author

Year

Study type

Age category

Design

Main results

51
Morgan et al "

Dugemier et al.

Briunlich and Wirz""

Reminiac et al.“®

Valencia-Ramos et al.®"

2015

2017

2018

2018

2018

Clinical observational
case series

Clinical scintigraphic
study

Clinical randomized
crossover study

Clinical randomized
crossover study

Clinical randomized
crossover study

Pediatric

Adult

Adult

Adult

Pediatric

Five infants 3- to 21-month-old with
bronchiolitis treated with conventional
oxygen and facemask jet nebulization.
Vibrating mesh nebulization
implemented through NHF circuit as a
rescue therapy

Six healthy patients. Jet nebulizer and
vibrating mesh nebulizer placed
upstream of the humidifier. NHF flow
rate at 30 L/min. Technetium-labeled
diethylenetriaminepentaacetic acid
aerosol

Thirty patients with chronic obstructive
pulmonary disease. Around 2.5 mg
albuterol and 500 pg ipratropium
bromide placed in a jet nebulizer
connected to a mouthpiece or
immediately upstream of NHF nasal
cannula. NHF set at 35 L/min

Twenty-five patients with reversible
obstructive lung disease. Around
2.5mg albuterol placed in a vibrating
mesh nebulizer placed immediately
downstream of the humidifier. Control
conditions: facemask jet nebulization,
MNHF without nebulization

Six infants younger than 2 years with
bronchiolitis receiving NHE. Albuterol
delivery given alternatively through a
vibrating mesh nebulizer placed
upstream of the humidifier or using a
standard jet nebulizer and facemask
placed above the cannulas

Less agitation and higher heart rate increase
observed after NHF nebulization indirectly
suggesting potential better efficacy and
tolerance

About 1% and 3.6% of the nebulizer charge
deposited in the lungs with the jet et
vibrating mesh nebulizer, respectively

Significant increase in forced expiratory
volume in 1 second after NHF
nebulizaton, similar o the increase
measured after mouthpiece nebulization

Significant increase in forced expiratory
volume in 1 second after NHF
nebulization, similar o facemask jet
nebulization. Five patients showed
significant bronchodilation after NHF
without nebulization

Significantly higher comfort with NHF
nebulizaton compared with the facemask.
Similar increase in heart rate with both
technigues

Smdies are presented chronologically. NHF, nasal high flow.

Tabla extraida del articulo publicado en 2019 por Dugernier et al.: Nasal High-Flow Nebulization

for Lung Drug Delivery: Theoretical, Experimental, and Clinical Application (140)
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RELEVANCIA DE LOS RESULTADOS Y
PERSPECTIVAS DE FUTURO
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3. RELEVANCIADE LOS RESULTADOS Y PERSPECTIVAS DE FUTURO

En 1985, Jeffrey Lawson, madre de un recién nacido intervenido de una cirugia del
conducto arterioso, marco la pauta en cuanto al abordaje del dolor en neonatos tras demandar
legalmente al equipo de médicos por la ausencia de administracion de analgesia durante la
cirugia de su hijo. A pesar de no ser apoyada por la sociedad cientifica de la época su difusion a

través de los medios, como el Washington Post, marco el inicio de un creciente interés en la

investigacion del dolor del recién nacido. CT,"fm't
clinico
piloto

Esta tesis recupera la relevancia del confort

. .y . Confort
durante la nebulizaciéon en los pacientes con prir

NIPE

Confort
nebulizacion

bronquiolitis aportando una alternativa terapéutica

respaldada con un proyecto traslacional.

Como ya se ha explicado en el punto 1.2. el confort es una pieza clave de la asistencia de
los nifios enfermos. Lo es desde el imperativo ético de que ningun nifo deberia sentir dolor o
disconfort, si esta en nuestra mano evitarlo. De hecho, en la bronquiolitis, la administracion de
nebulizaciones con el sistema jet podria entenderse que vulnera el principio de no maleficencia

hipocratico, ya que no se han demostrado eficaces y producen disconfort.

Sin embargo, es posible que entre las razones para continuar administrandolos esté lafalta
de otra alternativa terapéuticay el convencimiento sobre su beneficio en base al mecanismo de
accion de estos farmacos y a su conocido efecto terapéutico en otras entidades con muchos

puntos en comun, bronquitis y asma.
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En investigacion se define relevancia como la importancia del trabajo que se aporta para
la obtencion de nuevos conocimientos, asi como la capacidad de expresar lo que se pretende
medir. Se trata en definitiva de responder a las preguntas: ;para qué sirve?, sa quiénes les

serviran los nuevos conocimientos?, y ;como nos ayuda?

La bronquiolitis es una de las patologias mas relevantes en la pediatria y el papel de las
nebulizaciones como parte de su tratamiento uno de los temas mas revisados. Sin embargo,
llama la atencidn la escasa relevancia, al menos en términos de estudios publicados, que ha

tenido esta medida terapéutica en el confort del paciente.

Los resultados de esta investigacion, ademas de un ejemplo de investigacion traslacional
dirigida a alcanzar una estrategia terapéutica eficaz para la bronquiolitis, han supuesto dos
importantes beneficios. En primer lugar, han recuperado el confort del paciente a un primer
plano, mas todavia aun si tenemos en cuenta que los pacientes son nifios y que las estrategias
terapéuticas que se utilizan no suponen un claro beneficio. Y, en segundo lugar, ha servido para
incrementar la concienciacion y sensibilizacion del dolor y confort en la Unidad de Cuidados
Intensivos del Hospital Universitario de Burgos, centro referencia para una poblacion infantil

potencial de 120.140 (Tabla 5).
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Tabla 5. Poblacion infantil (0-14 afios) de las provincias desde donde se derivan pacientes a la

UCIP de Burgos, obtenido del Instituto Nacional de Estadistica (actualizado a 1 enero del 2019).

nos 5 anos 4 anos 3aﬁos 2anos 1anos O anos

6a

1 8 afos 7 anos

14 afnos 13anos 12 ano0s 11ano0s 10anos 9 anos

Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres

Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos
Hombres / Mujeres
Ambos sexos

Hombres / Mujeres

Ambos sexos

TOTAL

Burgos

1.222/1.142
2.363

1.269/1.220
2.489

1.416/1.311
2.728

1.458 [ 1.430
2.888

1.522/1.398
2.920

1.617 [ 1.494

3.111
1.625/1.514
3-139
1.693/1.521
3.215
1.700/1.516
3.216
1.649/1.557
3.206
1.783/1.699
3-483
1.729/1.638
3.316
1.641/1.529
3.170
1.701/1.562
3.264
1.645/1.552
3.196
45.704

Soria
296 /311
607
318/293
611

338/332
670
362/330
692
341/324
665

352/333
685

375/365
740
382/378
759
391/387
778
416 [ 388
804
416 [ 409
826
406 [ 366
772
399/390
789
418 /368
785
3771392
769

10.952

Palencia
486 [ 480
966
587/ 498
1.085

534 /533
1.067

642 /550
1.192
618 /590
1.209
599/ 574
1.173
630/ 563
1.193
661/ 570
1.231
614/ 587
1.201
634 /629
1.263
646 [ 611
1.256
679 /585
1.264
644 [ 681
1.325
614 [ 670
1.284
679634

1.313

18.022

La Rioja
1.167/1.177

2.344
1.398/1.228

2.626
1.422/1.319
2.741
1.504 [ 1.306

2.810
1.495/1.486
2.981
1.482 [ 1.446
2.928
1.646 [ 1.514
3.159
1.593/1.519
3.111
1.717/1.519
3.236
1.655/1.540
3.195
1.763/1.638
3.401
1.690/1.573

3.263
1.663/1.538

3.201
1.626/1.581
3.207
1.685/1.583
3.268
45.471
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Gracias a la investigacion realizada por nuestro grupo y por otros autores, en el momento
actual podemos decir que disponemos de un sistema de soporte respiratorio como la OAF
que permite nebulizar de forma adecuada y sin disconfort los farmacos en el paciente con
bronquiolitis. Un aspecto relevante serd ver la traduccion de la eficacia terapéutica de estos
avances en la asistencia clinica. Esta investigacion pone de manifiesto la necesidad de realizar
ensayos clinicos que ahora si, traten de demostrar la eficacia de estos medicamentos o de otros

sin el perjuicio y la limitacion que hasta ahora ha supuesto utilizar las nebulizaciones tipo jet.

AuUn con limitaciones como las que se han sefalado en cada apartado (ver punto 2.3),
creemos y confiamos en que esta investigacion pueda tener una relevancia no despreciable en

el camino que se viene realizando desde hace décadas contra la bronquiolitis.

Asi mismo permitird abrir la puerta a la aproximacion terapéutica en otras patologias

también frecuentes en la edad pediatrica como puede ser la bronquitis asmatica.

El cardidlogo Sandeep Jauhar en su libro de memorias, Doctored. The Disillusionment of an
American Physician sefialaba que “La medicina consiste en cuidar de la gente en su estado mas
vulnerable y hacerte tU un poco mas vulnerable en dicho proceso”. En el campo de la pediatria,
esa vulnerabilidad se debe traducir en empatia hacia nuestros pacientes y sus familias, dando
lugar al disefio de estudios rigurosos y adecuados que nos permitan avanzary hacer posible que
estos datos iniciales prometedores se conviertan en terapias de rutina y que asi ayuden a
disminuir la morbilidad y mortalidad causada por la bronquiolitis, asi como la importante carga

emocional, social y econdmica que ocasiona afio tras afo.
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Manejo actual en la FRONQUIOLITIS

— v

Nebulizador farmacos: Tipo jet-mascarilla Soporte respiratorio: Oxigenoterapia alto flujo (OAF)
a No eficaces 0 Eficaz
a Producen disconfort o ¢Nebulizaciones integradas?

o ;Confortable?

Investigacién SiNeOAF (sistema nebulizacion integrada en OAF)

f Etapa i 1. Unnebulizadorultrasénico colocado antes del humidificador del circuito de la OAF con un flujo

EXPERIMENTAL de 8L/miny canula nasal neonatal, nebuliza particulas de menortamafio que el nebulizador jet

con mascarillafacial.

1. Los profesionales puntuan + conforty + satisfaccion en las escalas con SiNeOAF vs Nebulizadortipo jet.
2. Losfamiliares puntian + conforty + satisfaccion en las escalas con SiNeOAF vs Nebulizador tipo jet.

i / ;
i Etapa CLINICA | 3. SiNeOAF muestra + confort en las variables clinicas vs Nebulizador tipo jet.
i i

4. Elsistema NIPE no muestra diferencias entre SiNeOAF vs jet, ni relacion con las escalas de confort.

I ‘ Otros escenarios
Brongquiolitis

i . o Nebulizaciones en la bronquitis asmatica
Evitar las nebulizaciones tipo jet
SiOAF + nebulizacién->SiNeOAF de eleccion |

Individualizar otros modos de ventilacién i .
% i Terapias domiciliarias K

Aplicabilidad

Terapias inhaladas en la displasia
broncopulmonardel neonato

Esquema resumen sobre el desarrollo de la investigacion realizado en esta tesis doctoral que
incluye tres partes: superior (manejo actual de la bronquiolitis), media (los resultados de la

investigacion realizada), e inferior (la aplicabilidad de los resultados).
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4. CONCLUSIONES

1- La replicacion en el |aboratorio de las condiciones técnicas de nebulizacion de la
bronquiolitis, muestra que un nebulizador ultrasénico colocado antes, pero no detras, del
humidificador del circuito de oxigenoterapia de alto flujo a un flujo de 8 L/min, administra

particulas de menor tamafio que el nebulizador convencional tipo jet con mascarilla.

2- El sistema de nebulizacion integrado en un soporte respiratorio de oxigenoterapia de

alto flujo genera mayor confort y satisfaccion que las nebulizaciones realizadas con el

nebulizador convencional, evaluados mediante escalas clinicas por los profesionales sanitarios.

3- La medicion con escalas clinicas del confort y satisfaccion por parte de los familiares

muestra estrecha correlacion con la valoracion realizada por los profesionales sanitarios, siendo
mejor valorado el sistema de nebulizacion integrado en la oxigenoterapia de alto flujo frente al

convencional.

4- El sistema de nebulizacion convencional muestra mayor frecuencia cardiaca y

respiratoria en el paciente durante la nebulizacion, respecto al sistema incorporado en la

oxigenoterapia de alto flujo.

5- El sistema de nebulizacion convencional requiere mas acciones de sedoanalgesia
farmacoldgicas y no farmacoldgicas (brazos de los padres) respecto al sistema de nebulizacion
incorporado en la oxigenoterapia de alto flujo. Este Ultimo permite ademas no interrumpir la

alimentacidon durante la nebulizacion.

6- El sistema de monitorizacion NIPE detecta una variacion en el confort durante la

nebulizacion en el paciente con bronquiolitis, aunque no parece correlacionarse con las

evaluaciones clinicas.
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6. ABREVIATURAS

Oxigenoterapia de alto flujo (OAF)

Unidad de cuidados intensivos pediatricos (UCIP)

Ventilacion no invasiva (VNI)

Suero salino hipertonico (SSH)

Visual analogue scale (VAS)

Numeric rating scale (NRS)

COMFORT-Behavior scale (CBS)

Cuidados centrados en el paciente y en la familia (CCPF).

Sistema de nebulizacion convencional (SiNeC)

Sistema de nebulizacién integrado en oxigenoterapia de alto flujo (SiNeOAF)

Newborn Infant Parasympathetic Evaluation (NIPE)

Fraccion inspiratoria de oxigeno (FIO2)

Frecuencia cardiaca (FC)

Frecuencia respiratoria (FR)

Saturacion de oxigeno (SatO2)
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