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PRESENTACION DE LOS ESTUDIOS

Los articulos que componen esta tesis doctoral por compendio se enmarcan en el programa de

Doctorado en Fisioterapia, codigo 3165, de la Universitat de Valencia, R.D. 99/2011.

Los estudios que se presentan son el resultado de un proyecto de investigacion desarrollado en
el Servicio de Otorrinolaringologia y Cirugia de Cuello y Cabeza del Hospital Tenon (Paris,

Francia), entre enero de 2011 y abril de 2020.

Este servicio tiene una clara orientacion oncoldgica y quirurgica, por lo que la gran mayoria de
los pacientes que se reclutaron para los estudios que se van a presentar fueron pacientes con
cancer de las vias aerodigestivas superiores.

En este proyecto de investigacion se implementd la evaluacién espirométrica rutinaria de la
obstruccion de la via aérea superior en un servicio de Otorrinolaringologia y Cirugia de Cuello

y Cabeza.

En esta memoria se va a exponer la informacion relevante en la materia que es objeto esta tesis,
con la finalidad de presentar al lector los puntos clave que permitiran entender detalladamente
todo aquello que se trata en los diferentes apartados de los articulos incluidos en esta tesis
doctoral. Por esta razon, se exponen con mayor extension los apartados relacionados con la
evaluacion de la obstruccion de la via aérea superior y la traqueotomia. Por otra parte, se
procederd a explicar los protocolos “locales” que se seguian en el servicio donde se ha

desarrollado este proyecto de investigacion.
Los articulos que se recogen en esta tesis han sido publicados en revistas indexadas en el

Journal Citation Reports (JCR) de la Web of Knowledge (WoS). A continuacion, se presentan

las revistas donde se publicaron, asi como sus indices de calidad.
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Otolaryngol 2019-2020; En révision.

- Sanchez-Guerrero J, Guerlain J, Burgess A, Samaha S, Lacau St Guily J, Perie S.
Upper airway obstruction assessment: Peak inspiratory flow and Clinical COPD
questionnaire. Clin Otolaryngol 2018; 43(5):1303-11.

- Lesnik M, J Sanchez-Guerrero J, de Crouy Chanel O, Hervé C, Guerlain J, Perie S.
Peak inspiratory flow to predict tracheotomy in head and neck cancer: an outcome

research. Eur Ann Otolaryngol Head Neck Dis 2018; 135(1):3-6. Pr Sophie Périé
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Gligrlain J, Guerrero JA, Baujat B, Lacau ST, Guily J, Perie S. Peak inspiratory flow is

snn]%)le means of predicting decannulation success following head and neck cancer

: }'y A prospective study of fifty-six patients. Laryngoscope 2015; 125(2):365-70.
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Jos Antonio Sénchez Guerrero (Documento de identidad 44283774B) ha trabajado como Fisioterapeuta en nuestro equipo
de Otorrinolaringologia y Cirugia Cérvico Facial del Hospital Tenon, dependiente de la Universidad de la Sorbona desde
2009 hasta febrero de 2019. El Sr. Sinchez ha sido un pilar fundamental en nuestro equipo de investigacion, en particular
en lo relativo a la evaluacion espirométrica de la obstruccién de las vias aéreas superiores. Fruto de dicha actividad de
investigacién en comiin se han publicado 4 estudios, 3 en el JCR, encontrindose el 4° en revision.

En las dos primeras publicaciones, el Sr. Sénchez figura como segundo autor: teniendo en cuenta que dicha revista
cientifica, especializada y leida por los otorrinolaringdlogos esti destinado a los médicos de dicha especialidad, consideré
razonable que figurara como primer autor un otorrinolaring6logo. Sin embargo, el Sr. Sanchez ha sido el motor de dichos
trabajos, contribuyendo de forma igualmente importante, si no mas, que el primer autor a este trabajo, tal y como se indica
en el “authorship” de la publicacién (cf. “authorship” en el articulo de Laringoscopia).

Seguidamente, el Sr. Sanchez pudo figurar como primer autor gracias al reconocimiento y la publicacién de los 2 primeros
trabajos.

EI Sr. Sdnchez ha sido el motor de un proyecto de investigacién coherente, nacido en el seno de un equipo pluridisciplinar,
siendo el objetivo de sus resultados la mejora de la prictica clinica. El hilo conductor es la evaluacion de las vias aéreas
superiores por medio de la espirometria, como queda demostrado a través de los diferentes articulos que firma como
autor:
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- Sanchez Guerrero JA, Guerlain J, Baujat B, Lacau St Guily J, Perie S. Expiratory airflow obstruction due to tracheostomy
tube: a spirometric study in 50 patients. Clin Otolaryngol 2019-2020; En revision.

- Sanchez Guerrero JA, Guerlain J, Burgess A, Samaha S, Lacau St Guily J, Perie S. Upper airway obstruction assessment:
Peak inspiratory flow and Clinical COPD questionnaire. Clin Otolaryngol 2018; 43(5): 1303-11.

- Lesnik M, J Sanchez-Guerrero J, de Crouy Chanel O, Hervé C, Guerlain J, Perie S. Peak inspiratory flow to predict
tracheotomy in head and neck cancer: an outcome research. Eur Ann Otolaryngol Head Neck Dis 2018; 135(1):3-6.

- Guerlain J, Guerrero JA, Baujat B, Lacau St Guily J, Perie S. Peak inspiratory flow is a simple means of predicting
decannulation success following head and neck cancer surgery: A prospective study of fifty-six patients. Laryngoscope
2015; 125(2):365-70.
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INTRODUCCION

El papel del fisioterapeuta en un servicio de Otorrinolaringologia y Cirugia de Cuello y Cabeza
(OCCC) es esencial. Sin embargo, en la mayoria de las ocasiones su presencia en estos servicios
es esporadica y puntual, lo que impide el completo desarrollo de sus funciones, asi como su
integracion en un equipo interdisciplinar. A través de los estudios que se presentan se ha
pretendido dar respuesta a situaciones clinicas con las que un fisioterapeuta se encuentra a
diario cuando desarrolla su actividad asistencial en un servicio de estas caracteristicas y forma

parte del equipo interdisciplinar.

El primer estudio por orden cronoldgico trata sobre la decanulacion de los pacientes tras una
cirugia mayor de las vias aerodigestivas superiores (VADS). En la mayoria de los casos los
pacientes son traqueotomizados de manera transitoria ya que el edema postquirargico podria
obstruir la via aérea con consecuencias fatales. En este estudio se utiliz6 de manera innovadora
la espirometria a pie de cama para evaluar la obstruccion de la via aérea superior (VAS) en el
paciente postquirargico y poder posteriormente protocolizar la toma de decision de la

decanulacion.

El segundo estudio utiliza la espirometria, esta vez en el servicio de consultas externas o en
hospitalizacion de urgencia, para evaluar la obstruccion de la VAS de pacientes que iban a ser
traqueotomizados por disnea inspiratoria grave. Estas mediciones nos han servido para marcar

una red flag en la obstruccion de la VAS.

En el tercer estudio se intenta validar la utilizacion de la espirometria en el seguimiento y
control clinico rutinario de pacientes con obstruccion de la VAS. Con un simple medidor de
flujo inspiratorio, de facil uso y bajo coste, se puede cuantificar de manera inmediata la
obstruccion de la VAS, aportando informacion que puede ser imprescindible en el seguimiento
de los pacientes, asi como en la toma de decisiones para prevenir situaciones de urgencia no

planificadas.

Por ultimo, en el cuarto estudio, volvemos a estudiar al paciente traqueotomizado durante la
decanulacion tras cirugia. En este estudio ponemos de manifiesto la obstruccion que provocan
las canulas de traqueotomia cuando se obstruyen voluntariamente para simular el paso

fisioldgico del aire hacia la VAS. Los hallazgos de este estudio se deberian tener en cuenta
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antes de realizar las pruebas de taponamiento o de oclusidon que hasta la fecha son las pruebas

gold estandard previas a la decanulacion.

Aunque el interés de la espirometria en la evaluacion de la VAS es reconocido desde la década
de los 70, su utilizacion clinica rutinaria en servicios de OCCC no es préctica corriente. Esto
puede ser debido a que es un procedimiento utilizado principalmente en neumologia y por lo
tanto no entra en los usos y costumbres de los otorrinolaringélogos (ORL) y cirujanos. A esto
se suma que los ORL y los cirujanos quizés necesiten de mayor fluidez e inmediatez a la hora

de contar con resultados espirométricos para el seguimiento de sus pacientes.

Desde la década de los 90, el desarrollo tecnologico nos permite utilizar dispositivos
electronicos portatiles (espirometros, medidores de flujo inspiratorio punta, etc.), de facil
manejo y de bajo coste, que pueden ser utilizados y responder a las necesidades de los servicios
de OCCC. En consecuencia, la principal fortaleza de los estudios que se presentan a

continuacion es la utilizacion de la espirometria en la préctica rutinaria en un servicio de OCCC.

En cuanto a la terminologia empleada es necesario aclarar que se utilizard el término “vias
aerodigestivas superiores” (VADS) cuando introduzcamos informacion relativa a los canceres
que afectan a la cavidad oral, la nasofaringe, la faringe, la laringe, las glandulas salivales, asi
como el cancer de los senos nasales y paranasales. Sin embargo, se empleara el término “via
aérea superior” (VAS) cuando se describa la obstruccion de la via aérea y siempre que se esté

tratando de procedimientos relativos a la espirometria.

A lo largo de esta memoria se citaran a los articulos publicados segtn la fecha de publicacion.

e Articulo 1: “Peak Inspiratory Flow Is a Simple Means of Predicting Decannulation
Success Following Head and Neck Cancer Surgery: A Prospective Study of Fifty-Six
Patients”.

e Articulo 2: “Peak inspiratory flow as predictor for tracheotomy”.

e Articulo 3: “Upper airway obstruction assessment: Peak inspiratory flow and clinical
COPD Questionnaire”.

e Articulo 4: “Expiratory airflow obstruction due to tracheostomy tube: A spirometric

study in 50 patients”.
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1. LA OBSTRUCCION DE LA ViA AEREA SUPERIOR

1.1 Generalidades
Anatémicamente la VAS se compone de las fosas nasales y la faringe. Sin embargo,
funcionalmente se pueden incluir también la laringe y la triquea extratoracica.! Ademas, la
cavidad bucal ofrece un paso de aire alternativo a las fosas nasales con el inconveniente de que
el aire que penetrard a las vias aéreas inferiores no sera ni calentado, ni humidificado ni tampoco

filtrado, funciones realizadas principalmente por las fosas nasales.

SAGITTAL SECTION OF THE HEAD

\ SAGITTAL SECTION

Paranasal

“ | sinuses Nasopharynx
| \
L ( \
o
Nasal cavity /4 \ "'U‘l‘
£\ ,f\
/ = \ Soft palate
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Posterior pharyngeal wall

Base of the tongue
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Figura 1. Secciones coronal, sagital y transversa de las vias aerodigestivas superiores. Fuente: Eskander, et al.,
2019.3
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La obstruccion de la VAS se podria definir como un estrechamiento anatémico o una
obstruccion que dificulta o disminuye la capacidad de ventilar. El sintoma principal de esta es
la disnea, aunque las flemas y la tos también suelen estar presentes. Esta sintomatologia es
comun en algunas enfermedades pulmonares. En este contexto, establecer un diagnostico
diferencial es importante y en ocasiones complicado. Otros signos y sintomas mas especificos
de la obstruccion de la VAS, como la disfonia, el estridor y la disfagia, en ocasiones pueden
completar la presentacion clinica.?

La obstruccion de la VAS se puede clasificar en completa o parcial. Los atragantamientos o
casos de crup (infeccion viral pedidtrica de la supraglotis) con diagnostico tardio pueden
provocar una obstruccion completa. En el caso de las obstrucciones de la VAS parciales,
podemos encontrarnos frente a obstrucciones agudas o cronicas. En la mayoria de ocasiones las
obstrucciones cronicas son causadas por procesos agudos que se cronifican (Tabla 1). De
manera inversa, las causas cronicas de caracteristicas graves o evolutivas pueden llegar a
provocar una descompensacion del paciente, y lo que en un principio era un problema crénico
se convierte en agudo. Por lo tanto, es importante disponer de una historia clinica detallada,
incluso en pacientes con una presentacion aguda, para revelar la causa.’

En cualquier caso, tanto la obstruccién aguda como la cronica provocan un aumento del trabajo
respiratorio que el paciente debe garantizar para mantener una ventilacién adecuada.

En la obstruccion aguda, cuando el paciente es incapaz de hacer frente al trabajo respiratorio
aumentado, la hipoxemia grave a la que inevitablemente se llega provoca un fallo
cardiorrespiratorio que puede ser fatal. Por lo tanto, la obstruccion de la VAS en ocasiones
supone una situacion de emergencia vital que requiere una evaluacion e intervencion inmediata
con poco margen de error.

En la obstruccion crénica de la VAS, paulatinamente, se puede producir una afectacion
cardiopulmonar, similar a la provocada por la apnea obstructiva del suefo, tal como
hipertension, arritmias, insuficiencia cardiaca congestiva e ictus.** El manejo de la disnea
inspiratoria crénica no es facil, especialmente en el seguimiento de procesos patoldgicos
evolutivos por lo que se recomienda la evaluacion por parte de un equipo experimentado.*?
Ademas, aunque la disnea inspiratoria grave sea bien tolerada, el aumento del trabajo
respiratorio o un ligero desequilibrio en este contexto (laringoscopia, intubacion, gastroscopia,
exploracion fisica en supino o neumonia) pueden transformar subitamente una disnea tolerada

en un una situacion de emergencia vital.
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1.2 Causas
De manera general, las causas de obstruccion de la VAS son congénitas en los nifios. Las
obstrucciones de la VAS que ocupan esta tesis por compendio son las sufridas por los adultos

que son principalmente la consecuencia de neoplasias.® Otras causas menos frecuentes, tanto

agudas como cronicas, aparecen enumeradas en la Tabla 1.

Obstruccion aguda de la via aérea superior
Atragantamiento

Infeccion

Hemorragia

Angioedema

latrogénica (ej: post-quirurgica, instrumental)
Traumatica

Lesiones por inhalacion de productos quimicos

Obstruccion cronica de la via aérea superior
Infeccion

Post-intubacion

Amiloidosis

Sarcoidosis

Tumor

Enfermedad vascular del colageno

Masa mediastinal

Enfermedad neuromuscular Tumor esofagico
Malformaciones cardiovasculares
Enfermedad neuromuscular
Idiopatica

Hipertrofia amigdalar en nifios

Tabla 1. Causas de obstruccion de la via aérea superior. Fuente: Traducido de Brady, et al., 2021.*

La apnea obstructiva del suefio se considera una causa cronica de obstruccion de las vias
respiratorias pero su presentacion, exclusivamente durante el suefio, la convierte en una

enfermedad con caracteristicas singulares que no es objeto de esta tesis.

1.2.1 Cancer de las Vias Aerodigestivas Superiores

Epidemiologia

Los céanceres epidermoides de Cuello y Cabeza (CCC) son es el sexto cancer mas frecuente en
todo el mundo. Cada afio se diagnostican aproximadamente 600.000 nuevos casos.® En Espafia,
segun el ultimo informe de la Red Espaiola de Registro de Cancer, los CCC ocupan, también,
el sexto lugar entre los canceres mas frecuentes entre los hombres, no asi entre las mujeres en
donde su incidencia es menor. Sin embargo, la incidencia de los cénceres relacionados con
tabaco que en los hombres parece estabilizarse, sigue en aumento entre las mujeres debido al

aumento del consumo de alcohol y tabaco en esta poblacion.” En Francia, pais donde se
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realizaron los estudios, la situacion es similar.® La tasa de supervivencia de los pacientes con

este tipo de cancer es de aproximadamente del 40% al 60% a los 5 afios.®

CASES % CASES %
Prostate 33370 22 Breast 27747 28
Colon & Rectum 24764 17 Colon & Rectum 16677 17
Lung 22430 15 Corpus Uteri 6160 6
Urinary Bladder 17439 12 Lung 5917 6
Stomach 5150 3 Urinary Bladder 3654 4
Lip, Oral Cavity & Pharynx 4980 3 Non Hodgkin's Lymphomas 3480 4
Liver 4252 3 Pancreas 3401 3
Non Hodgkin's Lymphomas 4190 3 Stomach 3306 3
Leukaemias 3782 3 Ovary 3228 3
Kidney 3590 2 Leukaemias 2736 3

ALL (Except skin non melanoma) 148827 100 ALL (Except skin non melanoma) 98944 100

Figura 2. Incidencia de los 10 principales tipos de cancer en Espafia, 2015. Fuente: Galceran, et al., 2017.7

La infeccidon oncogénica por el virus del papiloma humano (VPH) es una causa actualmente ya
reconocida de cancer orofaringeo (predominantemente amigdalas y base de la lengua). A nivel
mundial, la incidencia del cancer orofaringeo inducido por el VPH aumenta cada afio, pero
varia entre menos del 10% y el 70% de todos los canceres orofaringeos, dependiendo de la zona
geografica, siendo mas frecuente en los paises industrializados. El papel etiologico del VPH en
las localizaciones del CCC distintas de la orofaringe no esta claro.

Los CCC suelen aparecer en las superficies mucosas de la cabeza y el cuello. Las zonas
afectadas mas frecuentes son la laringe, la faringe y la cavidad oral. Los CCC también incluyen
tumores de las glandulas salivares, el cancer de nasofaringe, asi como el de los senos
paranasales y de los senos nasales.® Estos tumores son menos frecuentes y no se trataran en esta

tesis.

Obstruccion de la via aérea superior y cancer

Los tumores pueden provocar una obstruccion de la VAS. Las neoplasias mas comunes
asociadas a la obstruccion de la VAS son los tumores gléticos y supragléticos. Como se ha
dicho anteriormente, suelen estar causados por el tabaquismo y el abuso del alcohol, que actian
de forma sinérgica.

De la misma manera que los tumores malignos pueden ser una causa de obstruccion de la VAS,
algunos tratamientos que tienen como objetivo erradicarlos, también pueden crear obstruccion.
El edema tras una cirugia de exéresis carcinoldgica de la VADS puede provocar una
obstruccion temporal (en algunos casos puede prolongarse durante algunos meses) que necesite

una traqueotomia transitoria. En algunas ocasiones también, la reconstruccion realizada por el
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cirujano tras la exéresis del tumor no consigue una via aérea suficientemente permeable por lo
que el paciente necesita portar una traqueotomia, si no es posible una solucion quirurgica en un
segundo tiempo.

También la radioterapia puede tener efectos adversos sobre la permeabilidad de la VAS, ya sea
durante el curso del tratamiento o posteriormente. El edema postradico esta bien descrito en la
literatura y en el caso de los canceres de laringe e hipofaringe puede estar presente en el 44%
de los casos.” Aunque la radioterapia es cada vez mas selectiva y precisa, hay zonas de la VAS
como la laringe o la faringe, en donde hay mas riesgos de obstruccién con compromiso vital ya

que componen el paso mas estrecho para el aire en el conjunto de la VAS.

Tratamiento

El tratamiento de los canceres epidermoides de las VADS es complejo. Se ha de tener en cuenta
numerosos factores como la extension, la localizacion, la presencia o no de metastasis, asi como
antecedentes personales y los resultados funcionales que se prevén en funcion de la intervencion
terapéutica.® Por este motivo, el tratamiento no recae sobre la responsabilidad de un solo
especialista y se concierta en reuniones pluridisciplinares. En Francia, lugar donde se
condujeron los estudios que conforman esta tesis, el tratamiento se decide en las reuniones de
concertacion pluridisciplinar, el equivalente al «Comité de tumores» en Espafia. En estas
reuniones estdn presentes al menos oncologos, cirujanos ORL-maxilofaciales, radidlogos y
radioterapeutas. Tras el estudio minucioso del caso, los tratamientos que se plantean son la
cirugia, la quimioterapia y la radioterapia. En la mayoria de las ocasiones se suelen asociar
varios tratamientos para optimizar el resultado.

La evaluacion de la obstruccion de las VADS es fundamental durante todo el curso del
tratamiento ya sea para prevenir situaciones de emergencia vital en pacientes con obstruccion
grave o para decidir el momento adecuado para decanular a un paciente que ha necesitado una

traqueotomia transitoria.

1.2.2 Otras patologias

Paresia o paralisis de las cuerdas vocales

La paresia o la pardlisis de las cuerdas vocales se produce cuando estas no logran abducirse
adecuadamente. Las causas mds frecuentes son: la infiltracion tumoral en la laringe o en los
nervios recurrentes, una intubacién prolongada, la colocacion de una sonda nasogastrica,

patologias infecciosas, asi como otras patologias que afecten al tronco cerebral.’ En algunos
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casos, las paralisis de las cuerdas vocales pueden ser la consecuencia de complicaciones durante
la cirugia toracica y la cirugia del cuello anterior, como la cirugia de las glandulas tiroides. En
ocasiones los pacientes pueden ser capaces de soportar una disminucion en el calibre de la via
aérea temporalmente, pero una disminucion adicional del calibre de la via aérea resultado de
una afeccion virica u otra afectacion respiratoria que aumente el trabajo respiratorio puede
llevarlos a situaciones de urgencia vital. Por esta razon, se debe valorar la necesidad de una
traqueotomia durante el proceso de recuperacidon, si este puede producirse de manera
espontanea o a través de otras soluciones quirurgicas en caso de dafios definitivos e

irrecuperables.

Estenosis subglotica y glotica

Los casos de estenosis subglotica y gldtica son poco frecuentes y su tratamiento en ocasiones
es complejo. La mayoria de las veces son el resultado de una intubacién prolongada o
traumatica, pero también pueden ser congénitas o idiopaticas. La inflamacion de la mucosa y
la fibrosis localizada son las principales caracteristicas fisiopatoldgicas de la enfermedad. El
diagnostico se confirma mediante laringoscopia y broncoscopia.® El tratamiento estandar
consiste en la dilatacion de la via aérea con balones neumaticos controlados por presion.
También se utiliza el laser para aumentar el calibre de la via aérea. En las estenosis que no
responden a la dilatacion quirurgica conservadora, la reseccion cricotraqueal definitiva y la
reconstruccion del segmento estenosado puede plantearse en aquellos pacientes con

sintomatologia mas grave o en los portadores de traqueotomia.
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2. EVALUACION CLINICA DE LA ViA AEREA SUPERIOR

La historia clinica con los antecedentes mas destacados y la anamnesis son de gran ayuda para
conocer la causa de la obstruccion de la VAS y decidir la intervencion necesaria para aliviar los

sintomas potencialmente mortales.

2.1 Exploracion fisica

El paciente con obstruccion grave de la VAS suele presentar una respiracion dificultosa y
ruidosa, sobretodo durante la fase inspiratoria del ciclo respiratorio. La utilizaciéon de la
musculatura accesoria de la respiracion, especialmente puesta de manifiesto con el tiraje
supraclavicular, suele acompaiiar a la disnea y al estridor. Los pacientes pueden estar agitados
en un principio, para posteriormente, por agotamiento, entrar en estados comatosos que se
asocian a periodos de bradipnea y apnea con evolucion fatal a corto plazo. En la auscultacion
pulmonar tipica podemos encontrar sibilancias de predominio inspiratorio a menudo audibles
sin necesidad de fonendoscopio. Cuando no existe una afectacion del parénquima pulmonar
concomitante los valores de oxigenacién sanguinea se pueden mantener a niveles normales
hasta el final de la descompensacion respiratoria ya que la zona respiratoria donde se realiza el
intercambio gaseoso esta indemne. Esta circunstancia puede dar una falsa impresion de
estabilidad o de benignidad al personal sanitario no experimentado.

Tras la inspeccion general del paciente, el diagnostico de la obstruccion de la VAS requiere un
examen exhaustivo de la cabeza y el cuello. Durante el examen de la cavidad bucal con depresor
lingual se prestara especial atencion a la orofaringe “visible”, es decir, parte posterior de la
lengua movil, amigdalas, Givula y muro faringeo posterior. Aunque se han desarrollado
diferentes escalas para graduar la obstruccion de la VAS como la de Mallampati, estas escalas
no ofrecen informacion precisa sobre la obstruccion global y la permeabilidad de la VAS y su

utilidad principal radica en la prediccion de la dificultad de una intubacion oro-traqueal.!”
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Mallampati Classification: Il (hard and soft palate, upper portion of tonsils anduvula visible)
Hard palate
Soft palate Hard palate

Uvula

Pillars

CLASS | CLASS I CLASS Il CLASS IV

Figura 3. La estructura faringea de la clasificacion de Mallampati. Clase 1: paladar blando, tivula y pilares pueden
ser visualizados. Clase 2: paladar blando y tivula pueden ser visualizados. Clase 3: pilares fauciales y paladar
blando pueden ser visualizados, pero la ivula esta tapada por la base de la lengua. Clase 4: paladar blando puede

ser visualizado. Fuente: Green, et al., 2019.!!

El cuello debe examinarse por completo en busca de patologia que pueda estar causando una
compresion externa en las estructuras de las vias respiratorias o de ganglios linfaticos
inflamados, que pueden orientar hacia una patologia infecciosa o cancerosa.

La evaluacion de la obstruccion de la VAS se completa con la laringoscopia flexible para las
enfermedades de la faringe y la laringe pudiéndose considerar este procedimiento como el gold
standard. De manera general, el ORL otorga un porcentaje de obstruccién o una descripcion

anatomica y funcional de la enfermedad segtin su percepcion. %13

Figura 4. Esquema de la laringoscopia flexible transnasal. Fuente: Monnier, ef al., 2015.'3
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Con la finalidad de objetivar el examen de la via aérea, Cohen et al. propusieron en la década

de los 90 una escala para la evaluacion de la permeabilidad de la glotis utilizando la

laringoscopia flexible.

Classification From To Endoscopic appearance
Grade| Obstnction | Obstruction
Grade Il 35% 50%
Grade Il 51% 75%
Grade IV 76% 100%

Figura 5. Clasificacion de Cohen. Fuente: Monnier, et al., 2015.13

Para examenes adicionales (como biopsias) y para enfermedades de la traquea superior, la

laringoscopia rigida directa y la traqueoscopia bajo anestesia general son necesarias. '3

Figura 6. Esquema de la laringoscopia rigida transoral. Fuente: Monnier, et al., 2015."

Las estenosis subgldticas son habitualmente evaluadas mediante la escala de Myer-Cotton. La

principal limitacion de esta escala es que hace referencia a una t{inica region anatémica y no

evaltan la via aérea superior en su conjunto.'?
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Classification From To Endoscopic appearance
N
Grade | \ ,,‘
No Obstruction 50% Obstruction
Grade Il
51% 70%
Grade Il
71% 99%
Grade IV No detectable lumen

Figura 7. Clasificacion de Myer-Cotton. Fuente: Monnier, et al., 2015.13

Mas recientemente, en 2015, la European Laryngological Society ha publicado un
documento de consenso para la evaluacion de las estenosis laringotraqueales en el que se hace
hincapié en la descripcion mas precisa de la lesion (“fresca” vs fibrotica), asi como la
extension de esta y la condicion global de los pacientes.!?

En cualquier caso, todas estas escalas estan dedicadas a las estenosis benignas, que no estan
relacionadas con el cancer, y no evaltan la hipofaringe. Cabe resaltar que en este documento
de consenso se aconseja la utilizacion espirométrica rutinaria para evaluar la via aérea de una
manera mas global y funcional.!?

De hecho, estos métodos constituyen una evaluacion morfologica-cualitativa, no carente de
cierta subjetividad, y no cuantitativa para la valoracion de la obstruccion de la VAS.

Es necesario afiadir que en numerosas ocasiones el examen con fibroscopia flexible puede
encontrar ciertas dificultades como una anatomia modificada en el caso de pacientes que han
sido operados, la presencia de abundantes secreciones en pacientes con disfagia o la evaluacion
de zonas como el espacio retrolingual o retropalatal que son estructuras musculomucosas

dinamicas, carentes de soporte rigido y dependientes del ciclo respiratorio (Figura 8).
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Figura 8. Espacio retrolingual de un paciente antes de una laringotomia parcial supracricoidea (a) y 3 meses

después de la cirugia (b). Espacio retropalatal (c) y retrolingual (d) durante una respiracion tranquila; Espacio
retropalatal (e) y retrolingual (f) duran durante la maniobra de Mueller en un paciente tras una laringotomia parcial
supracricoidea. Espacio retrolingual en la fase espiratoria (g) e inspiratoria (h) en un paciente tras una laringotomia

parcial vertical. Fuente: Ouyang ef al., 2019. 14

2.2 Pruebas de imagen

Las pruebas de imagen no forman parte del examen fisico, pero son, actualmente,
imprescindibles para la evaluacion de las VADS. Sin embargo, se debe tener extrema
precaucion en los pacientes con una obstruccion aguda o cronica descompensada. La obtencion
de imagenes no debe retrasar la correccion de la obstruccion en pacientes con descompensacion
aguda. En estos casos, las imagenes pueden ser ttiles para determinar la etiologia después de
que se haya aliviado la obstruccion.*

Las pruebas de imagen que se utilizan para evaluar la obstruccion de la VAS incluyen las
radiografias laterales de la cabeza y el cuello, la tomografia computarizada y la resonancia
magnética nuclear (RMN).

Aunque las radiografias simples pueden proporcionar una vision de las glandulas adenoides y
del tamafio de las amigdalas, la vision de los tejidos blandos faringeos, asi como los espacios
aéreos subgloticos y traqueales puede ser poco precisa (Figura 9). Ademas, las imagenes
obtenidas dependen en gran medida de la fase del ciclo respiratorio. Por todo esto, la radiografia

simple carece de fiabilidad para la evaluacion de la gravedad de la obstruccion de la VAS.!?
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Figura 9. Relacion entre la via aérea (linea negra) y el paladar blando (linea blanca) para evaluar el aumento de
tamafio de las glandulas adenoides en la radiografia lateral del cuello, método descrito por Cohen y Konak. Fuente:

Sharifkashani, et al., 2015."

La tomografia computarizada proporciona imagenes que pueden evaluar tanto las estructuras
6seas como los tejidos blandos. También posibilita la evaluacion del didmetro de la VAS. Los
constantes avances tecnoldgicos permiten mayor rapidez en el diagnostico y pueden crear
imagenes tridimensionales. Pero, una vez mas, hay que tener precaucion a la hora de decidir si
el paciente esté estable para este tipo de pruebas diagnosticas ya que se necesita la cooperacion
del paciente y las imagenes pueden verse afectadas por el movimiento y se debe tener en cuenta
que la sedacion puede aumentar la obstruccion de la VAS.!? En situaciones de urgencia no son
viables y para un control rutinario tampoco ya que la radiacion que recibe el paciente no se

puede subestimar.

Figura 10. Imagen de Tomografia computarizada de la region retropalatal durante 3 diferentes situaciones:
Paciente despierto con respiracion tranquila (A), al final de una inspiracion profunda (B), y en una apnea del suefio.

Fuente: Tang, et al., 2012.16
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Figura 11. Imagen de Tomografia computarizada de la region retroglosa durante 3 diferentes situaciones: Paciente

despierto con respiracion tranquila (A), al final de una inspiracion profunda (B), y en una apnea del suefio. Fuente:

Tang, et al., 2012.¢

La RMN también puede ser util para determinar la etiologia de la obstruccion de las vias
respiratorias. La RMN es especialmente util para evaluar las masas de tejido blando y las
estructuras circundantes. Ademas de generar imagenes tridimensionales, la RMN no produce

radiacion. Las limitaciones de la RMN son la disponibilidad y el coste. *

2.3 Evaluacion espirométrica

La espirometria es un método de evaluacion no invasivo y cuantitativo de la obstruccion de las
vias aéreas. La utilizacion de la espirometria para la evaluacion de la obstruccion de la VAS se
remonta a la segunda mitad del siglo pasado. Miller, Hyat, Empey y Rotman son algunos de los
precursores que ya entonces identificaron las variables espirométricas relacionadas con la
obstruccion de la VAS. 171819 En 1975, Rotman publico el grafico de la curva flujo-volumen
(FVL) que podemos ver en la Figura 12."

De manera general, podemos afirmar que los parametros espiratorios resultantes de la
espirometria forzada se utilizan para cuantificar las obstrucciones de las vias aéreas inferiores,

mientras que los pardametros inspiratorios son indicadores de las obstrucciones de la VAS.2°
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EXPIRATION

Flow Rate (Liters/sec)

6 INSPIRATION

Vital Capacity (Liters)
Figura 12. Ejemplos de curvas flujo-volumen de un sujeto normal, un sujeto con obstruccion e la via aérea superior
(UAO), y sujeto con EPOC (COPD). La limitacion de flujo en la UAO ocurre durante la inspiracion y al inicio de
la espiracion, mientras que en COPD, la limitacion de flujo principalmente es al final de la espiracion. Fuente:

Rotman, ef al., 1975.7°

La espirometria forzada nos aporta variables como: la Capacidad Vital Forzada (FVC, L) el
Volumen Espiratorio Forzado en el primer segundo (FEV1, L), el Volumen Espiratorio Forzado
en el 0,5 segundo (FEVos, L), el Flujo Espiratorio Maximo (PEF, L/s o L/min), el Flujo
Espiratorio Méaximo al 50% de la Capacidad Vital (MEF50%, L/s), el Flujo Inspiratorio
Maximo (PIF, L/s o L/min) y el Flujo Inspiratorio Maximo al 50% de la Capacidad Vital
(MIF50%, L/s). Estas variables fueron utilizadas para la elaboracion de los criterios que se
presentan a continuacion para el diagnéstico de la obstruccion de la VAS:

e FEV//PEF > 10 mL/L/min (basado en el criterio de Empey!®)

e MEF50%/MIF50% < 0,30 0 > 1 (basado en el criterio de Miller y Hyatt'”)

e MIF50% < 100 L/min (basado en el criterio de Rotman'®)

e FEV//FEV(s5> 1,5 (basado en el criterio de Rotman'®)
Posteriormente, en 2005, la European Respiratory Society y la American Thoracic Society
han afiadido nuevos criterios para ayudar a distinguir la obstruccion de la VAS?!:

e PEF: disminuido ante obstruccion fija. PEF normal o disminuido si la obstruccién es

variable.
e MIF50%: disminuido tanto en obstruccion fija o variable.
o  MIF50%/MEF50%: en torno a 1 si la obstruccion es fija y menor a 1 si la obstruccion

es variable.
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No obstante, estos criterios tienen una baja sensibilidad para detectar la obstruccion de la VAS
cuando son aplicados a una poblacion general.??> Sin embargo, la utilidad de la espirometria esta
ampliamente demostrada en numerosos estudios para la evaluacion de pacientes con
obstruccion de la VAS grave, para el seguimiento de procesos evolutivos o para la valoracion
de los cambios posquirtirgicos.>17-18:23:24.25.26.27.282931,32
Ademas de la valoracion cuantitativa de las variables espirométricas, la inspeccion visual de la
FVL aporta informacion sobre la naturaleza y localizacion de la obstruccion: fija o variable,
intratoracica o extratoracica. La observacion de una meseta del flujo inspiratorio forzado con o
sin meseta en el flujo espiratorio sugiere obstruccion variable extratoracica de la VAS. Una
meseta en la espiracion sin afectacion inspiratoria sugiere una obstruccion variable

intratordcica. La presencia de una meseta tanto en la rama inspiratoria como en la espiratoria

sugiere la existencia de una estenosis fija de la via aérea superior (Figura 13).!

a) 6+ b) 64 c) 6
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Figura 13. Ejemplos de la curva flujo-volumen segun el tipo de obstruccion de la via aérea superior: a) fija, b)

variable extratoracica, c) variable intratoricica. Fuente: Pellegrino, et al., 2005.2!

Para la obtencién de las variables espirométricas utilizadas en los criterios diagnosticos
anteriormente mencionados, excepto para el PEF, es necesario un espirémetro. Este dispositivo
habitualmente s6lo esta disponible para su utilizacion rutinaria en los servicios de neumologia.
Sin embargo, las mediciones del PIF con un dispositivo portatil pueden ser muy ttiles para la
monitorizacion frecuente de la obstruccion grave de la VAS en ciertos contextos clinicos.
Ademas, el PIF es mas sensible en la deteccion de obstrucciones variables extratoracicas de las
VAS que son mas habituales en los pacientes incluidos en los estudios de esta tesis. Como
podemos comprobar en la Figura 14, los valores de MIF50% (circulo rojo) y PIF (circulo azul)
son muy similares por lo que podemos considerar, de manera general, al PIF como un buen
representante de la rama inspiratoria de la FVL. El PIF, ademads, se ha demostrado util para
detectar diferentes grados de obstruccion de la VAS, tanto en contexto clinico como en
laboratorio.?*32 Al igual que el PEF, el PIF es un parametro espirométrico dependiente del
esfuerzo del paciente por lo que es primordial animar al paciente para conseguir mediciones

validas.

41



EXPIRATION

Flow Rate (Liters/sec)

Vital Capacity (Liters)

Figura 14. Ejemplos de curvas flujo-volumen de un sujeto normal, un sujeto con obstruccion e la via aérea superior
(UAO), y sujeto con EPOC (COPD). El circulo rojo indica aproximadamente los valores del flujo inspiratorio
maximo al 50 % de la CV y el circulo azul i indica aproximadamente el flujo inspiratorio maximo. Fuente: Rotman

et al., 1975 (modificado).”

Los medidores de flujo portatiles resultan muy practicos y sencillos de utilizar, pero no debemos
olvidar que la FVL afiade informacion muy valiosa. En nuestra experiencia clinica, hemos
encontrado en alguna ocasion (p.ej.: cartilago aritenoides “movil” con edema localizado tras
cirugia) un PIF aceptable que enmascaraba una obstruccion grave de la VAS en contexto
postquirargico (Figura 15). Pero de manera general, y salvando escasas excepciones, este
pardmetro espirométrico ha resultado muy util para la evaluacion clinica de la obstruccion de

la VAS.

10 Essai 1 2 Théo.| %Théo

8 * Rang ... #1 #2
FVCL) 3.46 3.29 2.85 3.93 83
6 FEVI[L) 2.65 2.30 1.91 3.08 86
4 4 FEVIFVC 0.77 0.70 0.67 0.76 101
“ PEF[L /min] 2620 2727 1869  480.1 55
7 2 MEF25-75[L/s] 244 1.66 1.15 3.33 73
= 0 \: MEF75[L/s) 3.98 4.42 2.66 7.09 56
é T MEFSO[L/s] 3.76 2.10 1.65 4.22 89
-2 MEF25(L/s] 078 0.9 0.27 1.51 51
] FET[s] 7.22 1028  12.08 =
4 3 2 14 0 1 2 3 4 5 6 7 8 9 10Fvh 2.96 3.73 3.85 3.93 75
Volume [L] PIF(L/min] 108.5 139.6 134.4 - -

Figura 15. Curva Flujo-Volumen en un paciente con edema del cartilago aritenoides movil” tras cirugia
(izquierda) y variables espirométricas resultantes de la espirometria forzada del mismo paciente (derecha). Fuente:

Elaboracion propia.
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Es importante sefialar que la utilizaciéon de forma rutinaria del PIF en servicios como el de
OCCC puede estar facilitada por el bajo coste del medidor de flujo inspiratorio portatil In-
Check (In-Check Oral, Clement Clark International, Harlow, Reino Unido): comercializado
con precio aproximado de 40 euros desde hace pocos afios, a diferencia de los medidores de
PEF con los que se controla la obstruccion asmatica.>?

En los tres primeros estudios que componen esta tesis por compendio se midio el PIF con el
medidor de flujo In-Check (Figura 16): para monitorizar la obstruccion de las vias altas durante
la decanulacion, medir el PIF justo antes de practicar una traqueotomia de urgencia por
obstruccion grave de la VAS y para medir el PIF en un contexto clinico rutinario en un grupo

de pacientes con obstruccion de la VAS.

AN EERD

I

Figura 16. A la izquierda, una paciente utilizando el medidor de flujo inspiratorio “In-Check Oral”. A la derecha

el medidor de flujo inspiratorio “In-Check Oral”. Fuente: Kobayashi, et al., 2020.3

En el cuarto estudio se utilizé el espirometro portatil EasyOne (EasyOne 2001 diagnostic, ndd
Medical Technologies, Zurich, Suiza) (Figura 17) para obtener una FVL (con rama espiratoria

e inspiratoria) justo antes de la decanulacion e inmediatamente después.

spirette

Figura 17. Espirometro portatil “EasyOne”. Fuente: Barr, et al., 2008.%
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3. EL CONTROL DE LA ViA AEREA

Cuando la obstruccion de la VAS es grave y la respiracion es dificultosa en ocasiones es
necesario el control de la via aérea mediante una traqueotomia o en raras ocasiones mediante

una intubacion orotraqueal.

3.1 La intubacion orotraqueal
La intubacion orotraqueal es preferible cuando se tratan afecciones de las vias aéreas inferiores
que necesitan de manera temporal ventilacion mecénica y drenaje de secreciones mediante
aspiraciones bronquiales. También se puede valorar la intubacion orotraqueal en obstrucciones
de la VAS que se presumen que se pueden resolver en un plazo de tiempo corto. Los pacientes

intubados y sedados se encuentran exclusivamente en los servicios de cuidados intensivos.

3.2 La traqueotomia

La traqueotomia se realiza preferentemente en pacientes con obstrucciones graves de la VAS
que van a necesitar tratamientos quirargicos y/o oncologicos y en el postoperatorio de ciertas
cirugias de la VADS. También se realizan traqueotomias en pacientes con enfermedades
pulmonares y neuromusculares en fase avanzada y en los que se presume que se va a necesitar
ventilacion mecanica prolongada.’

Los pacientes traqueotomizados por obstruccion de la VAS los podemos encontrar en los
servicios de cuidados intensivos temporalmente y en los servicios de OCCC cuando estan
estabilizados.

La traqueotomia no es un tratamiento curativo de la obstruccion de la VAS, pero permite un
control de la via aérea necesario ante obstrucciones graves, ademds de facilitar el drenaje de
secreciones de los pulmones. En ocasiones, la traqueotomia puede ser temporal, como las
realizadas durante algunas cirugias de VADS, pero en otras ocasiones puede ser definitiva si la
obstruccion no es corregible. Se pueden practicar de manera programada (de manera preventiva
durante un tratamiento o tras cirugia de las VADS) o de urgencia. En el contexto del paciente
oncoldgico, las guias de buenas practicas ponen el acento en evitar las traqueotomias de
urgencia ya que en situaciones de emergencia en ocasiones no se respeta la voluntad del
paciente. A la hora de tomar decisiones sobre el tratamiento de la obstruccion de la VAS, es
importante diferenciar entre los pacientes a los que se cree que les queda un periodo importante
de vida y los que se encuentran en la fase terminal de la enfermedad. La mayoria de los pacientes

en fase terminal no necesitan una traqueotomia, pero si medidas paliativas cuidadosas para
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minimizar la sintomatologia.” De ahi la importancia de una evaluacion objetiva de la
obstruccion de la VAS durante el seguimiento y control de los pacientes.

Actualmente, existen dos opciones para la realizaciéon de la traqueotomia: la traqueotomia
quirtrgica y la percutanea. En los ultimos afios ha aumentado el niumero de traqueotomias
percutaneas ya que es un procedimiento que no necesita forzosamente a un cirujano ORL que
la practique y las pueden llevar a cabo intensivistas o anestesistas experimentados sin necesidad
de trasladar al paciente al quir6fano. La traqueotomia percutanea permite un acceso a la via
respiratoria en situaciones criticas por lo que se realiza con frecuencia en servicios de cuidados
intensivos. El inconveniente principal de esta técnica es la necesidad de una cierta experiencia
en el procedimiento. No se puede afirmar con certeza si la traqueotomia percutdanea aumenta
las complicaciones inmediatas y tardias como las estenosis traqueales. 37-3

En los diferentes estudios de esta tesis, los pacientes fueron traqueotomizados mediante la
técnica quirurgica, ya que dicho procedimiento fue realizado en un servicio de OCCC. Se
realizaron traqueotomias programadas durante la cirugia en los estudios 1 y 4 y se practicaron
traqueotomias de urgencia por disnea grave en el estudio 2.

A pesar de que la traqueotomia es un procedimiento corriente en ciertos servicios, esta asociado
a complicaciones agudas y tardias, como hemorragias, obstrucciones, decanulaciones
accidentales, infecciones y lesiones traqueales como las estenosis, la traqueomalacia y las
fistulas.’*#%4 Ademas, esta puede afectar al estado psicoldgico del paciente y perturbar las
funciones del habla y la deglucion.*>* Las complicaciones tardias, como las estenosis
laringotraqueales, suelen estar mas presentes en aquellos pacientes que fueron portadores de

una traqueotomia durante mas tiempo.*+*3

3.2.1 Protocolos de decanulacion

Por consiguiente, cuando la respiracion fisiologica es posible, la decanulaciéon es un
procedimiento que ha de efectuarse precozmente, pero en ocasiones puede resultar dificil. La
literatura disponible sobre la decanulacion se basa fundamentalmente en opiniones de expertos,
el consenso profesional y las experiencias clinicas. 464748

En este proyecto, como se ha comentado con anterioridad, los pacientes fueron
traqueotomizados por afecciones de las vias altas y no por necesidad de ventilacion mecénica.
Sin embargo, los protocolos de decanulacion son basicamente los mismos, ya se trate de

traqueotomia asociada a la necesidad de ventilacion mecanica o de traqueotomia asociada a la

obstruccion de la VAS. El procedimiento gold standard es la prueba de taponamiento u oclusion
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en el que se coloca un tapon en la canula de traqueotomia durante 24-48 horas, con lo que se
intenta imitar una respiracion fisioldgica a través de la VAS, y se vigila la tolerancia del
paciente. Otros parametros generales que son tenidos en cuenta son la estabilidad respiratoria
y hemodinémica, el estado de alerta y de interaccion de los pacientes, asi como un buen manejo
de las secreciones, una correcta deglucion y la eficacia de la tos.*8

En los estudios que se presentan en esta tesis relacionados con la obstruccion de la VAS y la
decanulacion en el postoperatorio inmediato (estudios 1 y 4) los pacientes fueron
traqueotomizados durante la intervencion quirtrgica con una canula de traqueotomia con balon
neumatico (Shiley; Covidien plc, Dublin, Irlanda), nimero 8 para hombres y 6 para mujeres.
Este tipo de canula se utiliza para evitar el riesgo de obstruccion de las vias respiratorias
superiores por el edema postquirirgico y gracias al balon neumadtico proteger las vias
respiratorias de la sangre, las secreciones y los restos quirargicos (Figura 16, izquierda). Segin
el protocolo del servicio donde se realizaron los estudios que se presentan, durante el primer
dia después de la operaciéon de deshinchaba el balon neumatico para la aspiracion de
secreciones, sangre y restos quirurgicos (Figura 16, centro). Posteriormente, todavia durante el
primer dia tras la operacion, se cambiaba la canula con baléon que ofrece mayor seguridad por
otra canula sin balon y fenestrada (Shiley; Covidien plc, Dublin, Irlanda) que facilita el paso de

aire a la VAS (Figura 16, derecha).

- 4/
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Figura 18. El gas fluye a través de los tubos de traqueotomia correctamente colocados: La figura de la izquierda
muestra un tubo con el manguito inflado con el flujo de gas excluido de la via aérea superior. La figura central
muestra el flujo de gas, con el manguito desinflado (o no presente). El gas fluye a través de la canula de
traqueotomia, pero también una pequefia cantidad a través de las vias respiratorias superiores. La figura de la
derecha muestra el aumento del flujo de aire a través de las vias respiratorias superiores al afiadir una fenestracion

a la canula de traqueotomia. Fuente: McGrath, et al., 2016.%
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Evaluacion espirométrica
En los estudios en los que la evaluacion espirométrica se realizd tras cirugia, las pruebas se
llevaban a cabo inmediatamente antes de la decanulacion, obturando la canula fenestrada sin

balon neumaético y haciendo la medicion a través de la boca.

Figura 19. Se puede observar el método utilizado para evaluar la obstruccion de la via aérea superior mediante
espirometria (con medidor de flujo inspiratorio o con espirdmetro portatil) con la canula de traqueotomia todavia
insertada: Al obstruir la canula fenestrada y permitir el paso de gas hacia la via aérea superior, la medicion
espirométrica puede reflejar una posible obstruccion en la via aérea superior. Fuente: Barr, ef al., 2008,%

Kobayashi, et al., 2020 ** y McGrath, et al., 2016 (modificado).*

Inmediatamente después de la decanulacion, se repetia la espirometria (con medidor de flujo o
espirdmetro) obturando el traqueostoma (apoyando firme, pero cuidadosamente, con los dedos

sobre una compresa) haciendo la medicién, también, a través de la boca (Figura 18).

Figura 20. Se puede observar el método utilizado para evaluar la obstruccion de la via aérea superior mediante
espirometria (con medidor de flujo inspiratorio, en la figura, o con espirometro portatil): Al obstruir el
traqueostoma (con el paciente decanulado) el gas fluye hacia la via aérea superior, la medicion espirométrica puede

reflejar una posible obstruccion en la via aérea superior. Fuente: Kobayashi, ef al., 2020 (modificado).*
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En los estudios en los que se midid el PIF en pacientes no traqueotomizados (estudios 2 y 3),
la prueba espirométrica se realizaba de manera convencional. El PIF se midi6 en posicion
sentada. Al medidor de flujo “In Check” se le colocaba una boquilla de un solo uso y al paciente
una pinza nasal. Los resultados se expresan en L/min, con un margen de error de + 10% (es
decir, 10 L/min) segun el fabricante. Una vez que el paciente comprendia bien el procedimiento,
el mejor valor de al menos tres medidas consecutivas fue registrado. A los pacientes se les pedia

una espiracion completa y después una inspiracion lo mas rapida posible. % 24
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SECCION SEGUNDA: RESULTADOS
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Estudio 1: “Peak Inspiratory Flow Is a Simple Means of Predicting Decannulation
Success Following Head and Neck Cancer Surgery: A Prospective Study of Fifty-

Six Patients”.

Contexto. Decanulacion tras cirugia de las VADS.

Objetivo. Proponer un umbral de flujo inspiratorio maximo que ayude a protocolizar la decision
de decanular a los pacientes tras cirugia de cuello y cabeza.

Resultados. Cincuenta y seis pacientes fueron incluidos en este estudio monocéntrico
prospectivo. La traqueotomia se realizd durante la cirugia para el tratamiento oncologico
curativo en 53 casos y para la reconstruccion funcional en tres casos.

La decanulacion se realizo entre el tercer y el quinto dia del postoperatorio. La decision de
decanulacion fue tomada por el médico tras una exploracion fisica, independientemente de la
medicion del PIF. La decanulacion se posponia cuando el paciente tenia una complicacion
médica (insuficiencia cardiaca o respiratoria, neumonia o complicacién neuroldgica) o
complicaciones locorregionales tempranas (hematomas y/o infecciones). La prueba
espirométrica con el medidor de PIF portatil In-Check se realiz6 justo antes de la decanulacion
obturando la canula e inmediatamente después obturando el traqueostoma.

La decanulacion fue completada con éxito al primer intento en 47 pacientes. Nueve pacientes
necesitaron una recanulacion, pero la decanulacion fue exitosa al segundo intento en siete de
ellos. En dos casos fue necesario un tercer intento. Cuando los intentos de decanulacion
fracasaban un nuevo intento se realizaba tras 48 horas.

PIF umbral predictor de una decanulacion con éxito

Un umbral de 40 L/min con una cénula fenestrada fue el valor que parecid predecir una
decanulacion positiva en los pacientes, con una sensibilidad del 90%, una especificidad del
95%, un valor predictivo positivo del 77% y un valor predictivo negativo del 98%.

El PIF medio en las decanulaciones que se completaron con éxito fue de 86 L/min (rango, 20-
150 L/min). El PIF medio de las decanulaciones que fracasaron fue de 20 L/min (rango, 0-60
L/min). La comparacion de los dos grupos mostrd una diferencia estadisticamente significativa
en los valores del PIF (p <0,0001).

Comparacion de los valores del PIF antes y después de la decanulacion

El PIF medio antes de la decanulacion (obtenido mediante la obstruccion de la canula de
traqueotomia fenestrada) fue de 77 L/min (rango, 0-180 L/min), y el PIF medio después de la

decanulacion (obtenido mediante la obstruccion del traqueostoma) fue de 100 L/min (rango, 0-
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200 L/min). La diferencia entre PIF antes y después de la decanulacion fue estadisticamente

significativa (p <0,0001).

Estudio 2: “Peak inspiratory flow as predictor for tracheotomy”.

Contexto. Obstruccion aguda de la VAS con disnea inspiratoria grave.

Objetivo. Conocer los valores de PIF relacionados con una obstruccion de la VAS grave previos
a la realizacion de una traqueotomia de urgencia por disnea inspiratoria.

Resultados. Este estudio observacional prospectivo monocéntrico analizé los valores de PIF,
con el medidor de flujo portatil In-Check, en 22 pacientes que presentaban disnea aguda por
obstruccion de la VAS y a los que se realizo una traqueotomia de urgencia tras la espirometria.
La obstruccion de la VAS de todos los pacientes estaba relacionada con tumores laringeos
excepto un paciente con paralisis bilateral de las cuerdas vocales.

La prueba espirométrica se llevo a cabo antes de la realizacion de la traqueotomia.

Valor de PIF predictor de una traqueotomia de urgencia

En este estudio, antes de practicar la traqueotomia de urgencia el PIF medio fue de 53,13 L/min
(rango de 35 a 100, desviacion estandar = 14,5 L/min), la mediana, el cuartil inferior y el cuartil
superior fueron respectivamente S0L/min, 45 L/min y 60 L/min.

El porcentaje medio del PIF respecto al teérico fue 18,35%.

Estudio 3: “Upper airway obstruction assessment: Peak inspiratory flow and

clinical COPD Questionnaire”.

Contexto. Seguimiento clinico rutinario de la obstruccién de la VAS.

Objetivo. Analizar los valores de PIF en un grupo de pacientes con obstruccion de la VAS (no
traqueotomizados) y en un grupo control. Ademas, se estudio la relacion entre los valores de
PIF y sintomas tales como la disnea en el grupo con obstruccion de la VAS.

Resultados. En este estudio de cohorte prospectivo monocéntrico se incluyeron un total de 72
sujetos: 26 pacientes con obstruccion de VAS (confirmada por fibroscopia) y un grupo de
control formado por 46 sujetos sanos. Las etiologias mas frecuentes de obstruccion de la VAS
fueron: cancer de cabeza y cuello (HNC) en el 30,8% (n=8), pardlisis de las cuerdas vocales en
el 26,9% (n=7) y secuelas de HNC en el 23,1% (n=6).

Tanto al grupo de pacientes como al grupo control se les realizé mediciones del PIF y se les

administré el Clinical COPD questionnaire (CCQ). Ambos procedimientos se efectuaron el
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mismo dia. EI CCQ consta de 10 items divididos en 3 dominios (sintomas, estado mental y
estado funcional).

Capacidad del PIF para discriminar entre el grupo con obstruccion de la VAS y el grupo
control

En el grupo con obstruccion de la VAS los valores medios de PIF fueron de 117,69 L/min
(desviacion estandar =44,48 L/min) con un intervalo de confianza del 95% (IC del 95%):
100,59-134,79 y en el grupo control los valores medios de PIF fueron 291,85 L/min (desviacién
estandar =66,14 L/min) con un IC del 95%: 272,74-310,96. Los valores de la variable
espirométrica resultaron estadisticamente diferentes entre el grupo de control y el grupo con
obstruccion de la VAS (p <0,001). El analisis de la curva ROC mostr6 que los valores del PIF
eran precisos (AUC =0,98; [IC del 95%], 0,94-1; p <0,001) para distinguir el grupo control del
grupo con obstruccion de la VAS. El valor de PIF de 170 L/min fue el umbral con la mejor
sensibilidad (96%) y especificidad (93%), con un valor predictivo positivo del 89% y un valor
predictivo negativo del 98%.

Correlacion entre los valores de PIF y el CCQ

No se establecidé una correlacion significativa (r =0,19; p =0,35) entre los valores PIF y la
puntuacion global del CCQ en el grupo con obstruccion de la VAS. Tampoco se encontrd
correlacion entre los diferentes subdominios del cuestionario y los valores de PIF (sintomas,
estado mental y estado funcional).

Analisis del CCQ

La puntuacion del dominio de los sintomas fue de 2,43 (desviacion estandar =1,28, rango 0,25-
5,75), mas alta que la del dominio funcional 1,60 (desviacion estandar =1,35, rango: 0-5), y la
del dominio mental 1,59 (desviaciéon estandar =1,47, rango: 0-4,5). Hubo diferencias
estadisticamente significativas entre el dominio de los sintomas y el dominio mental (p <0,001;
t-test) y entre el dominio de los sintomas y el dominio funcional (p <0,01; t-test,). La disnea de

esfuerzo y la tos fueron los items mas afectados.

Estudio 4: “Expiratory airflow obstruction due to tracheostomy tube: A

spirometric study in 50 patients”.

Contexto. Decanulacion tras cirugia de las VADS.
Objetivo. Evaluar la obstruccion producida por los tubos de traqueotomia, cuando estos se
obturan voluntariamente, en la via aérea superior durante el proceso de decanulacion tras

cirugia de cuello y cabeza.
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Resultados. Cincuenta pacientes fueron incluidos en este estudio prospectivo, la edad media
fue de 57 afios, y las mujeres representaban el 22% de los pacientes. La traqueotomia se realizo
durante la cirugia para el tratamiento oncologico curativo en 45 pacientes o para realizar una
reconstruccion funcional en cinco pacientes. La decision de decanular fue tomada por el
cirujano tras exploracion fisica, cuando el valor del PIF alcanz6 al menos 0,75 L/s (45 L/min)
en la espirometria forzada con una canula fenestrada sin balon neumatico.

La FVL fue obtenida utilizando el espirdmetro portatil EasyOne. Antes de la decanulacion la
prueba espirométrica (valores pre-decanulacion) se realiz6 al paciente siendo portador de una
canula fenestrada sin balon neumatico obstruyendo el orificio de la cdnula (a través de la boca).
Inmediatamente después de la decanulacion la prueba se repitid obstruyendo el traqueostoma
(valores post-decanulacion). La espirometria forzada registro la FVC, FEVi, PEF, MEF50%,
PIF y MIF50%.

De los 50 pacientes incluidos, dos fueron estudiados dos veces porque su primera decanulacién
fallo, y uno fue estudiado tres veces porque la primera y la segunda decanulacion fallaron. En
total, se monitorizaron 54 decanulaciones. Se analiz6 el porcentaje de reduccion de flujo aéreo
provocado por la canula de la siguiente forma: si la cédnula de traqueotomia no provocara
obstruccion los valores espirométricos anteriores a la decanulacion (PEF, PIF) serian similares
a los obtenidos tras la decanulacion. De esta forma el 0% de obstruccion supone valores pre y
post decanulacion iguales.

Comparacion de los valores del PEF y del PIF, antes y después de la decanulacion

Todos los pardmetros espirométricos aumentaron significativamente después de la
decanulacion. La media del PEF aument6 de 2,8 L/s (168 L/min) antes de la decanulacion a
4,5 L/s (270 L/min) después de la misma (p <0,0001); la media de la PIF aumento6 de 2,3 L/s
(138 L/min) a 2,7 L/s (162 L/min) (p < 0,01).

Reduccion del flujo aéreo debido a la canula de traqueotomia

El porcentaje de reduccion del flujo aéreo espiratorio (EAR) antes y después de la decanulacion
fue mayor que el inspiratorio (IAR) (33,8 % =+ 21,9 frente a 8,9 % + 32,0; p <0,0001).
Clasificacion de la obstruccion del flujo aéreo espiratorio

Las decanulaciones se clasificaron en seis categorias: sin obstruccion o valores espiratorios
mejores con la canula (0 % o mejor), leve (EAR de >0% a <25%), moderada (EAR de 25% a
<50%), grave (EAR de 50% a <75%), muy grave (EAR de 75% a <100%) u obstrucciones
completas (100%).

Se detectd una obstruccion del flujo aéreo espiratorio en la mayoria de las pruebas

espirométricas, en el 43% de las decanulaciones se detect6 una obstruccion moderada (EAR de
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25% a <50% respecto a los valores post decanulacion) y en el 25% de las de las decanulaciones
se evidencid una obstruccién de grave a completa (EAR de 50% a 100%); una ausencia de

obstruccion o una obstruccion leve estuvo presente en el 31% de las decanulaciones.
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SECCION TERCERA: CONCLUSIONES
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CONCLUSIONES GENERALES

La valoracion espirométrica mediante la obtencion del PIF con un medidor de flujo portatil
permite evaluar de forma objetiva, cuantitativa y no invasiva la obstruccion de la VAS. Junto a
la endoscopia laringea, prueba mas cualitativa, la espirometria puede completar el examen
clinico.

La obtencion del PIF con un medidor de flujo portétil es una alternativa util y de bajo coste para
la valoracién de la obstruccion de la VAS para un uso rutinario en servicios como el de ORL-
CCC.

La medicion del PIF con dispositivo portatil resulta una prueba sencilla y facil de realizar para
el paciente, ya sea a pie de cama durante la hospitalizaciéon o en consulta, en situaciones de
urgencia o mas cronicas.

De manera general, podemos concluir que la valoracion espirométrica, ya sea con espirometro
portatil (espirometria forzada) o en su version simplificada con medidor de PIF, tiene
numerosas aplicaciones clinicas y permite mejorar la calidad de la atencion al paciente y ayuda
a la toma de decisiones en los pacientes con obstruccion de la VAS.

Por otra parte, cabe subrayar que la aplicabilidad clinica de los resultados que se presentan se
limita a pacientes quirurgicos seguidos en OCCC y a pacientes con obstruccion de VAS sin
enfermedades pulmonares cronicas diagnosticadas.

Por ultimo, pese a que la utilidad de la espirometria para la evaluacion de la VAS es conocida
desde la segunda mitad del siglo pasado, el valor de los estudios que se presentan en esta tesis
recae en la utilizacion rutinaria, a pie de cama o en consulta, de dispositivos portatiles con los
que se ha conseguido hacer valoraciones en contextos clinicos diversos e inaccesibles hasta la

fecha.

CONCLUSIONES ESPECIFICAS

Estudio 1

La medicion del PIF con un dispositivo portatil puede ayudar en la toma de decision de la
decanulacion en los pacientes traqueotomizados tras cirugia por CCC. La espirometria
representa una herramienta objetiva y cuantitativa, que se puede emplear a pie de cama del
paciente, y que aporta una informacion especifica sobre la obstruccion de la VAS que completa

la exploracion fisica, asi como el resto de criterios generales de decanulacion.
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Estudio 2

En pacientes con obstruccion de la VAS grave que requieren una traqueotomia, la medicion del
PIF con un medidor de flujo inspiratorio portatil es factible incluso en situaciones de urgencia
previas al control de la via aérea. Los resultados de la espirometria pueden ayudar al clinico en
la toma de decisiones a diferencia de otros exdmenes complementarios, como las pruebas de

imagen, que no son viables en situaciones de urgencia con riesgo vital.

Estudio 3

La evaluacion espirométrica mediante el PIF, medido a través de un dispositivo portatil, es una
herramienta util para su uso clinico rutinario en el seguimiento y control de pacientes con
obstruccion de la VAS. El PIF es un parametro especifico que se obtiene de manera no invasiva
y puede ayudar a planificar mejor los tratamientos, mejorar los planes de atencioén
individualizados del paciente y puede reducir las situaciones de emergencia no planificadas en

pacientes con obstruccion de la VAS.

Estudio 4

Las canulas obturadas, incluso las que no disponen de balon y son fenestradas, provocan una
obstruccién al flujo aéreo en su transcurrir hacia la VAS durante la espirometria forzada. La
evaluacion espirométrica de esta obstruccion puede ser conveniente antes las pruebas de
oclusiéon o taponamiento previas a la decanulacion. El examen fisico junto a la evaluacion
espirométrica a pie de cama pueden ser una alternativa las pruebas de oclusion en los pacientes
portadores de traqueotomia por obstruccion de la VAS, con tasas de decanulacion exitosa

acorde con lo aconsejado en las guias de buenas practicas.
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FUTURAS LINEAS DE INVESTIGACION

En el contexto del paciente con céncer de cuello y cabeza con obstruccion de la VAS las
medidas del PIF constituyen una herramienta valiosa para monitorizar dicha obstruccion
durante el curso de la enfermedad y su tratamiento.

Si bien es verdad que el PIF tiene diversas aplicaciones clinicas para la evaluacion rutinaria de
la obstruccion de la VAS, la FVL obtenida con un espirometro nos aporta mucha mas
informacion. En nuestro primer trabajo ya detectamos un aumento del PIF tras la decanulacion
lo que hacia sospechar que la canula cuando se obtura, a pesar de no tener balon neumatico y
tener una camisa interna fenestrada, podia provocar una obstruccion al flujo aéreo en su
transcurrir hacia la VAS. Pero ha sido gracias a la FVL medida con un espirometro portatil que
hemos podido demostrar mas claramente la obstruccion que provocan las canulas obturadas al
flujo aéreo ya que esta obstruccion es mucho mas importante en la fase espiratoria.

Esta obstruccion debida a la cénula deberia ser evaluada y tenida en cuenta antes de la
realizacion de las pruebas de oclusion o taponamiento ya que probablemente tenga un impacto
en el trabajo respiratorio del paciente. Esta hipotesis podria ser estudiada en futuras
investigaciones para conocer la relacion entre la obstruccion provocada por las canulas
obturadas y el trabajo respiratorio del paciente durante los capping trials, ya que es escasa la
literatura encontrada al respecto.

Por otro lado, y ante un incipiente interés por la rama inspiratoria de la FVL, son necesarios
valores de referencia validados internacionalmente de las diferentes variables espirométricas
inspiratorias, asi como continuar con los esfuerzos para intensificar y estandarizar las

indicaciones dadas a los pacientes para obtener esfuerzos inspiratorios de calidad.
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Peak Inspiratory Flow Is a Simple Means of Predicting
Decannulation Success Following Head and Neck Cancer Surgery:
A Prospective Study of Fifty-Six Patients

Joanne Guerlain, MD; Jose A. S. Guerrero, PT; Bertrand Baujat, MD, PhD; Jean L. St Guily, MD;
Sophie Périé, MD, PhD

Objectives/Hypothesis: Temporary tracheotomies are commonly performed in head and neck cancer surgery. The aim
of this study was to propose a minimum peak inspiratory flow (PIF) as a standardized simple tool for successful decannula-
tion after surgery.

Study Design: Prospective review between January 2011 and June 2013 in a university teaching hospital.

Methods: Fifty-six patients after head and neck cancer surgery requiring tracheotomies were included. Decannulation
failure was defined as the need to recannulate patients within 24 hours. PIF values did not influence the decisions to decan-
nulate or recannulate. Pre- and postdecannulation PIF values, measured with a handheld PIF meter (In-Check Dial), were reg-
istered until definitive decannulation.

Results: A total of 67 decannulation attempts were performed, with 47 positive and nine negative decannulations at the
first attempt. Of the latter, seven were positive at the second attempt and two at the third. All patients were decannulated
(mean, 6.3 days). PIF values of 40 L/min appear to be the threshold with the best sensitivity (90%) and specificity (95%) for
predicting decannulation success. There was a significant difference (P <.001) between mean PIF in the positive (86 L/min)
and negative (20 L/min) decannulation groups and between mean PIF values with (77 L/min) and without cannula (100 L/
min).

Conclusions: PIF >40 L/min with cannula (>60 L/min without) using the In-Check Dial oral method is a threshold
associated with decannulation success. PIF is a simple quantitative parameter for evaluating the upper airway, aiding the deci-

sion to decannulate safely.

Level of Evidence: 4.

Key Words: Upper airway, peak inspiratory flow, decannulation, tracheotomy, head and neck cancer.
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INTRODUCTION
Surgery for head and neck cancer (HNC) is com-
monly associated with a tracheotomy, which is usually
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maintained for a few days. The tracheotomy protects the
airway from postoperative edema or hemorrhage, but
exposes the patient to many inconveniences or possible
complications (delay in phonation and impaired swallow-
ing, increased tracheal secretions, psychological issues,
and laryngotracheal stenosis). Until now, the decision to
decannulate after head and neck surgery has commonly
been made by the surgeon on the basis of clinical crite-
ria: responsive and interactive patient; consciousness
level; strong cough; no oxygen required;, and no general
postoperative complications such as respiratory compli-
cations, hemorrhage, or locoregional infections. In some
departments, decannulation is based on the ability to
tolerate the tracheotomy tube cap.? In our department,
decannulation is commonly performed postoperatively at
an early stage (generally 3 to 5 days postoperatively) to
restore early pharyngolaryngeal function. Tracheotomy
tube capping prior to decannulation is not performed
routinely, because the presence of the tube interferes
with coughing and reduces airway caliber. The first
attempt to decannulate may be a failure and require
recannulation, whereas the correct time for further dec-
annulation attempts is not well defined. In our practice,
we usually wait 48 hours after a first decannulation fail-
ure to obtain a significant reduction in airway edema.
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For patients with postoperative complications, decannula-
tion is delayed until the patient’s general status improves.
However, at all events, there is no objective tool to guide
practitioners in the decannulation decision for each patient
and no objective assessment of the upper airway after dec-
annulation. Studies have focused more on decannulation
following invasive ventilation in intensive care units.!™

In contrast to expiratory peak flow, measurement of
inspiratory airway function is not currently routine clini-
cal practice. The peak expiratory flow rate is widely
used as a simple objective tool to detect changes in
patients with asthma, and to evaluate symptom severity
quantitatively. In addition, a handheld peak inspiratory
flow (PIF) meter (In-Check Dial, HS Clement Clark
International Ltd., Haag-Streit Group, Harlow, United
Kingdom) is used for asthma patients to assess the
appropriate choice of inhaled medication device.*®

Measurement of inspiratory air flow by spirometry is
used to quantitatively assess upper airway disturbance.®!°
It has been well shown to detect upper airway disease and
laryngotracheal stenosis,'®'® and has also been used in
dysfunction of the vocal cords.'™® One study reports the
use and benefit of spirometric parameters in assessing
respiratory function of the upper airway after partial lar-
yngectomy in comparison with computed tomography (CT)
and laryngovideoscopy.'® In addition to physical examina-
tion, PIF measured with the In-Check Dial used for
asthma patients would be a simple objective tool for evalu-
ating the possibilities of decannulation in patients follow-
ing head and neck surgery and for monitoring them before
and after decannulation. It is a simple and inexpensive tool
that can easily be used at the patient’s bedside.

The aim of this study was to analyze the minimum
PIF required for successful decannulation and to evalu-
ate the In-Check Dial device method as an objective tool
in the decision to decannulate tracheotomized patients
following elective surgery for HNC.

MATERIALS AND METHODS

Participants

This prospective study was performed between January
2011 and June 2013 in our head and neck surgery department.
Inclusion criteria were adults tracheotomized following elective
surgery for HNC. Exclusion criteria were patients who had
undergone an emergency tracheotomy, those in an intensive care
unit for more than 1 day, and those with missing data. Missing
data were defined as no PIF value before the first decannulation.

The study population was a consecutive series of 56
patients who met the inclusion and exclusion criteria.

Test Method: Decannulation and PIF
Measurement Protocol

Decannulation was commonly planned for the third to fifth
day postoperatively. The decision to decannulate was made by
the physician after physical examination independently of the
PIF measurement. Decannulation was postponed when the
patient had a medical complication (heart or respiratory failure,
pneumonia, or neurological complication) or early locoregional
complications (hematoma, infections).

PIF was measured through the oral cavity in the seated
position after a physiotherapy session of airway clearance. The
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physiotherapist recorded the PIF values with an officially recog-
nized handheld inspiratory peak flow meter using the In-Check
Dial device method, with a single mouthpiece and a nose clip.
The device was used without additional resistance. The trans-
parent body of the In-Check Dial device is designed to allow vis-
ual inspection before use. When the procedure was fully
understood by the patients after a number of attempts with the
respiratory therapist, the best value of at least three consecu-
tive measures was taken. Patients inhaled with maximum effort
following slow, complete exhalation.

PIF was performed and recorded by a single physiothera-
pist immediately before the decision to decannulate by the phy-
sician; PIF was recorded with the cannula (including the inner
cannula) still inserted (and by obstructing the fenestrated cuff-
less tracheotomy tube), and without the cannula (by obstructing
the orifice of tracheotomy) after decannulation.

If decannulation failed, the test was repeated at the time of the
next decannulation, usually 48 hours later. Upper airway endoscopy
was performed only in cases of repeated decannulation failures.

Decannulation failure was defined as the need to recannu-
late the patient within 24 hours of decannulation, whereas dec-
annulation success was defined as the ability to continue
without a tracheotomy with no significant dyspnea. In this pre-
liminary study, the PIF values, recorded by the physiotherapist,
did not influence the decision to decannulate or recannulate in
the event of dyspnea, as the physician was blinded.

Results were expressed at the patient level and at the dec-
annulation level. Decannulation was considered as a success
(positive decannulation) or as a failure (negative decannulation
[i.e., recannulation]).

Statistical Analysis

Sensitivity was defined as the probability that PIF was
strictly below a threshold in patients who needed to be recannu-
lated (decannulation failure or negative decannulation). Speci-
ficity was defined as the probability that the inspiratory peak
flow was greater than or equal to a threshold in patients who
had a successful decannulation.

The sensitivity and specificity values were calculated for
different PIF values (20, 30, 40, 50, 60, 70, 80, and 90 L/min),
from which a receiver operating characteristic curve was plotted
to evaluate the diagnostic test.

PIF values associated with success or failure were com-
pared by a nonparametric Wilcoxon-Mann-Whitney test using
the BiostaTGV software program, provided by Pierre Louis
d’Epidémiologie et de Santé Publique UMR S 1136, Paris,
France. In addition, PIF values before and after decannulation
were compared by a paired Student ¢ test using the BiostaTGV
software program, with a significance level defined at P <.05.

Ethical Considerations

The study was approved by the Commission d’Evaluation
et de Recherche Observationnelle en OtoRhinoLaryngologie
(CEROL) (Ethics Committee of the Society of Otolaryngology,
France). In accordance with French legislation (Public Health
Code amended by law No. 2004-806, August 9, 2004 and the
Huriet-Sérusclat Law 88-1138, December 20, 1988), a patient
information letter was issued. Data were strictly anonymous.

RESULTS

Participants
Sixty-five patients were eligible during this period
(Fig. 1). Nine patients were excluded: seven had a
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Eligible patients
n=65

Excluded patients (n = 9):

7 missing data
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Included patients
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Decannulation
attempts
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1 missing PIF for
decannulation attempt for the
third positive decannulation in
one patient
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PIF= 40 L/min PIF< 40 L/min
Positive Negative : Positive Negative ‘
decannulation decannulation ‘ decannulation decannulation
Fig. 1. Flow diagram. PIF = peak n=52 i i h=a n=10

inspiratory flow.

missing PIF value before the first decannulation and
two underwent an emergency tracheotomy because of
postoperative complications.

Fifty-six patients were included in this prospective
study (Table I). Forty-nine patients were male, seven
were female, and their mean age was 60.7 years with a

TABLE I.
Patient Characteristics.
Mean age, yr, n =56 60.7
Sex, n=56, % (no.)
Male 87% (49)
Female 13% (7)

Type of tumor, n =56, % (no.)

Squamous cell carcinoma 96.4% (54)

Osteosarcoma 3.5% (2)
Intervention type, n =56, % (no.)

Partial (pharyngo)laryngectomy 48% (27)

Pelviglossectomy 30% (17)

Oropharyngectomy 22% (12)
Cervical neck dissection, n =56, % (no.)

None 27% (15)

Unilateral 43% (24)

Bilateral 30% (17)
Shiley cannula diameter, n =56, % (no.)

8 77% (43)

6 23% (13)
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range of 25 to 83 years. Tracheotomy was performed
during surgery for curative oncological treatment in 53
cases (with a cervical lymph node dissection in 41) and
for functional reconstruction treatment in three cases.
Patients were tracheotomized with a nonfenestrated
cuffed tube (Shiley; Covidien ple, Dublin, Ireland). The can-
nula was usually changed the day after surgery for a fenes-
trated cuffless tracheotomy tube of the same diameter.

Results at the Patient Level

Decannulation was positive (first positive decannula-
tion) in 47 patients. Nine patients needed recannulation
(first negative decannulation), but the second decannula-
tion (second positive decannulation) was positive in seven
cases and negative in two (second negative decannula-
tion). For the last two, the third decannulation was
positive (third positive decannulation) (Fig. 1, Table II).

The day of positive decannulation varied between 3
and 20 days at the patient level (mean, 6.3 days; 15
patients at day 3, 16 between days 4 and 5, and 25
patients after 6 days). All of the patients who were dec-
annulated remained cannula-free when they left the
department.

Results at the Decannulation Level

There were a total of 67 decannulation attempts: 47
positive and nine negative decannulations at the first
attempt, seven positive decannulations and two negative
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TABLE II.
Results at the Decannulation Level in the 56 Patients.

TABLE Il
Sensitivity, Specificity, PPV, and NPV for Different PIF Values.

Positive
Decannulation

Negative
Decannulation

First attempt (n = 56) 47 9
Second attempt (n=9) 7 2
Third attempt (n=2) 2 0
All 56 11

decannulations at the second attempt, and two positive
decannulations at the third attempt (Fig. 1,Table II).

PIF Threshold

The sensitivities and specificities were reported for
different PIF values on the decannulation attempts scale
as described in Figure 2 and Table III. The value of
40 L/min was the threshold with the best sensitivity
(90%) and specificity (95%) for predicting decannulation
success. A PIF >40 L/min appeared to be predictive of
positive decannulation in these patients. This value was
obtained with PIF recorded by obstructing the fenes-
trated tracheostomy tube with an inner cannula.

Ten decannulation failures (at the decannulation
level) were associated with a PIF <40 L/min. Only one
decannulation failure had a PIF value of 60 L/min.

The probability of decannulation failure for a PIF value
of <40 L/min was 77% (positive predictive value [PPV]), and
the probability of decannulation success for a PIF value
>40 L/min was 98% (negative predictive value [NPV]).

Comparison of PIF Values in the Positive
Decannulation and Negative Decannulation
Groups

Mean PIF was measured on the decannulation
attempts scale in two groups—the positive decannula-
tion group and the negative decannulation group.

09 %%
08

0,7
0,6

0,5
0,4

Sensitivity

0,3
0,2

0,1
0

0 o1 02 03 04 05 06 07 08 09 1

1- Specificity
Fig. 2. Receiver operating characteristic curve. Sensitivity and 1-
specificity for each peak inspiratory flowvalue (numbers in italics
given in liters/minute). The value of 40 L/min was the threshold

with the best sensitivity (90%) and specificity (95%) for predicting
decannulation success.
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PIF Value (L/min) Sensitivity Specificity PPV NPV
20 0.45 1 1 0.90
30 0.64 0.98 0.87 0.93
40 0.9 0.95 0.77 0.98
50 0.9 0.89 0.62 0.98
60 0.9 0.8 0.48 0.98
70 1 0.65 0.37 1
80 1 0.55 0.30 1
90 1 0.42 0.25 1

NPV = negative predictive value; PIF =peak inspiratory flow;
PPV = positive predictive value.

Mean PIF in the positive decannulation group
(n =55) (data missing for the third positive decannula-
tion attempt in one patient) was 86 L/min (range, 20—
150 L/min). Mean PIF in the negative decannulation
group (n=11) was 20 L/min (range, 0-60 L/min). Com-
parison of the two groups showed a statistically signifi-
cant difference in PIF rate (P <.0001).

Comparison of PIF Values Before and After
Decannulation

PIF immediately before decannulation, with the
cannula still inserted, and immediately after attempted
decannulation were compared in the population with
complete data at the decannulation level (n = 64) (miss-
ing data for the PIF value in two cases after decannula-
tion, and in one case before the third decannulation
attempt) (Fig. 3). Mean PIF before decannulation (by
obstructing the fenestrated tracheotomy cannula) was
77 L/min (range, 0-180 L/min), and mean PIF after dec-
annulation was 100 L/min (range, 0-200 L/min). The dif-
ference between PIF before and after decannulation was
statistically significant (P <.0001).

Economic Evaluation of the In-Check Dial
Device Method

The price of the In-Check Dial is US$37.20, and a
one-way valve mouthpiece is <US$0.16. We used about
three In-Check Dial devices during the protocol period.

DISCUSSION

Early decannulation is frequently scheduled in our
department to restore physiological laryngopharyngeal
function (e.g., phonation, effective cough, laryngeal sensi-
tivity, and swallowing). However, there are no specific
guidelines. Clinical criteria such as the ability to manage
secretions, cough effectiveness, level of consciousness, and
adequate oxygenation remain the most important consid-
erations in the decision to decannulate. This is partly cor-
roborated by the fact that 47/56 patients were positively
decannulated at the first decannulation attempt, but 31/
56 underwent definitive successful decannulation between
3 and 5 days postoperatively. Early decannulation
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however, is postponed in some patients, especially when
there are complications in the immediate postoperative
period. Decannulation is postponed for 48 hours in antici-
pation of a marked decreased in upper airway edema,
with a success rate of 77.7% (7/9). In the present study,
the mean time to decannulation was 6.3 days, showing
that systematic decannulation between 3 and 5 days post-
operatively is suitable in the majority of cases, but is suit-
able not for all patients. The decision of decannulation
and recannulation was made on multifactorial criteria.

Alongside physical criteria for decannulation, PIF
provides a specific criterion. A lower PIF value presup-
poses the persistence of upper airway obstruction and
therefore an increased rate of decannulation failure. It is
a useful quantitative tool for choosing the best time for
decannulation and for supporting the practitioner’s deci-
sion. In the previous study by Matyja,'® the results of
conventional spirometry after partial laryngectomy were
compared with laryngeal lumen size measured with a
laryngeal videoscope and CT; the threshold predictive of
positive decannulation was found to be between 84 L/
min and 120 L/min, which is higher than our results.
However, the values are highly dependent on the mea-
surement tools. The values reported in our study were
found with the In-Check Dial method. This involves
greater resistance than with conventional spirometry,
but the correlation with dyspnea has been found to be
more accurate than with conventional spirometry.2°

In the present study, we demonstrated that PIF is a
simple, quantitative tool for evaluating upper airway
obstruction. A threshold >40 L/min with a fenestrated
cannula was the value that appeared to be predictive for
positive decannulation in patients, with a sensitivity of
90%, a specificity of 95%, a PPV of 77%, and a NPV of
98%. In the future, these results must be confirmed in a
larger population.

Another interesting aspect concerns the difference
between PIF before and after decannulation. This study
shows a statistically significant difference in PIF before
and after decannulation. This supports that tracheotomy
tube capping creates significant additional airway
obstruction, even with a cuffless cannula, reducing
inspiratory air flow by at least 20 L/min (threshold for
decannulation success of 40 L/min with a cannula com-
pared to 60 L/min without a cannula). Consequently, the
measurement of PIF without a cannula may evaluate
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the upper airway more precisely. Moreover, the differ-
ence before and after decannulation increases when PIF
is high, as a result of increased resistance.2%?? This
must be considered in decannulation protocols that
include patients ready for decannulation who tolerate
capping of the tracheotomy tube for 24 to 48 hours. Tra-
cheotomy tube capping creates significant obstruction of
the upper airway with increased resistance,?? and the
size and localization of the fenestrated tracheotomy tube
may be not appropriate for all patients with potential
respiratory difficulties. The situation is different for
patients in whom tracheotomy is performed for ventila-
tion in intensive care units. In these cases, decannula-
tion is frequently performed by testing the ability to
tolerate tracheotomy tube capping. In such patients, the
problem in most cases is not a transient disturbance of
the upper airway, as occurs following head and neck sur-
gery when a tracheotomy is performed for only few days.

It is important to note that this protocol enables the
decision to decannulate to be taken jointly between the
physician and the respiratory therapist. Measurement of
PIF is becoming a routine tool in our department. It is a
safe tool that can be used easily at the bedside. Although
PIF is useful in making the decision to decannulate and
recannulate, it remains a supplement to physical crite-
ria, especially in the decision to recannulate. In addition,
the threshold obtained in this study remains a minimum
threshold that must be reevaluated for each patient on
the basis of the clinical examination and clinical toler-
ance. Moreover, in future larger analyses, the threshold
must be compared in males and females, because the
minimum PIF required for positive decannulation may
differ between the sexes.

Evaluation of PIF in the pediatric population remains
to be studied. The use of tidal flow measurements in the
decision to decannulate pediatric patients has been
reported, with a statistical difference between the decan-
nulation failure group and the decannulation success
group.?® Therefore, PIF could be a useful tool for decannu-
lation in children who can understand the method, but
the threshold remains to be defined in this population.

PIF may be used as a safe and effective tool before
decannulation in tracheotomized patients for head and
neck surgery. In the future, this measurement could be
used in emergency departments, because the evaluation
of inspiratory dyspnea may be difficult to assess for
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nonotolaryngologists. The benefit of this tool may also be
assessed in the follow-up of patients with chronic upper
airway obstruction, especially in quantifying acute
decompensation in these patients at high risk of trache-
otomy (laryngotracheal diseases). It could also be used
in the future by the patient.

CONCLUSION

PIF may help to improve quality of care and to opti-
mize outcomes following tracheotomy decannulation in
head and neck surgery and could also be very useful in all
causes of acute or chronic upper airway obstruction. It
may represent a specific tool in addition to physical exami-
nation and upper airway endoscopy for routine clinic use.
It is a simple, inexpensive, supplementary clinical tool
that is easy to use at the bedside and in the office.
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Objectives: Quantitative evaluation of upper airway obstruction cannot be commonly performed under
acute dyspnea, especially in head and neck cancer (HNC); the decision whether or not to perform airway
control surgery may be difficult to reach. Peak inspiratory flow (PIF) has been previously demonstrated to
be a useful tool to decide on decannulation after HNC surgery. The aim of the present study was to assess
the role of PIF as a standardized non-invasive tool in quantifying severe inspiratory dyspnea requiring
emergency tracheostomy.
Materials and methods: A single-center prospective observational pilot study analyzed PIF measurements
in 22 patients exhibiting acute dyspnea due to upper airway obstruction.
Main outcome measures: The decision whether or not to perform tracheotomy was taken prior to PIF mea-
surement. PIF was measured with a hand-held PIF meter (In-Check method), and laryngeal fiberoscopy
was then performed. Obstruction severity was defined by PIF values.
Results: PIF could be measured prior to tracheotomy (imminent in 21 cases, postponed in 1) in all cases.
PIF values below 53.1 L/min (i.e., 18.3% of theoretic value) correlated with necessity for emergency tra-
cheotomy. This threshold is concordant with that previously found for the feasibility of decannulation
(60 L/min).
Conclusions: PIF is a non-invasive quantitative parameter assessing severity of upper airway obstruction,
that may be helpful in decision-making for tracheostomy. Testing is simple, quick and reproducible.

© 2017 Elsevier Masson SAS. All rights reserved.

by the otolaryngologist on the basis of clinical criteria, severity
of laryngeal dyspnea [2] and other criteria such as a context of

1. Introduction

Upper airway obstruction in head and neck cancer (HNC) can
occur before, during and after treatment. Obstructive tumor (lar-
ynx, hypopharynx) and bilateral laryngeal palsy or stenosis may
cause severe dyspnea, and emergency tracheostomy may become
mandatory. In addition, after treatment, laryngeal dyspnea may
arise due to recurrent HNC or to post- radiotherapy edema. The
severity and tolerance of inspiratory dyspnea may be difficult to
assess for general practitioners, emergency physicians and radio-
therapists. Laryngeal fiberoscopy performed by otolaryngologists
sheds light on morphological features, but provides inadequate
functional assessment of the laryngeal obstruction [1]. Until now,
the decision to perform tracheostomy or controlled laryngeal intu-
bation in case of respiratory distress has commonly been taken

* Corresponding author.
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recurrent HNC or comorbidity, notably cardiac and pulmonary.

Since the 1970s, several authors have used conventional spirom-
etry to evaluate upper airway obstruction [3-5]. In these studies,
the greatest changes were in inspiratory parameters of the flow-
volume loops. More specifically, peak inspiratory flow (PIF),
maximal inspiratory flow at mid-vital capacity (MIF 50) and forced
inspiratory volume in the first second (FIV1) have been shown
to correlate with extrathoracic airway obstruction [6]. Guerlain
et al. [7] were the first to describe a portable hand-held inspira-
tory flow meter to evaluate upper airway obstruction, and also
nasal obstruction [8]. It was thus demonstrated that PIF could
be a safe and effective means of assessing the likely success of
decannulation after HNC surgery [7]. It is a simple, inexpensive,
non-invasive clinical tool, easy to use at the bedside and in the
office. PIF >60 L/min, without cannula, appeared to be predictive
of successful decannulation in these patients [7], lower PIF values
requiring recannulation.
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Acute upper airway obstruction can occur in several clinical
situations: in HNC but also in bilateral laryngeal palsy, laryngo-
tracheal stenosis, laryngotracheal inflammation, or after traumatic
injury. Whatever the etiology, acute upper airway obstruction
needs to be promptly but carefully diagnosed, evaluated and man-
aged. The appropriate decision is taken by the otolaryngologist,
but emergency practitioners may be concerned in first line. Urgent
tracheotomy under local anesthesia or controlled intubation for
laryngeal laser debulking are the commonly available options to
secure the airway [9-11].

PIF measurement can be used in acute inspiratory dyspnea, as a
decision-making criterion for tracheostomy in all cases, whereas
conventional spirometry with flow-volume loop is unsuited to
acute conditions.

The aim of this observational study was to assess the use-
fulness of PIF, measured on a hand-held PIF meter (In-Check
method), in quantifying severe upper airway obstruction requir-
ing imminent airway control, and to compare previous reports of
PIF used in decision-making for decannulation/recannulation after
HNC surgery.

2. Patients and methods

This prospective observational study was performed between
November 2011 and December 2015 in our Head Neck Surgery
Department. Inclusion criteria comprised: adults with upper air-
way obstruction and severe dyspnea, in most cases for head and
neck squamous cell carcinoma (HNSCC). Emergency tracheostomy
or controlled tracheal intubation with tumor debulking was
discussed. Exclusion criteria comprised: patients without PIF mea-
surement before tracheostomy: no PIF measurement, or patient
exhausted or unconscious due to severe dyspnea or necessitating
an immediate salvage procedure.

Systematic upper airway fiberoscopy was performed for quali-
tative assessment of upper airway obstruction.

PIF was performed and recorded by the physiotherapist or by
the otorhinolaryngologist before airway control, using a hand-held
PIF meter by the method previously reported [7].

PIF was measured in sitting position. The PIF meter (In-check
oral method, HS Clement Clark International Ltd, Haag Streit group)
has a single-use mouthpiece and nose clip; the transparent body is
designed to allow visual inspection before use. Results are grad-
uated in L/min, with a margin of error of +£10% (i.e., 10 L/min)
according to the manufacturer.

Once the procedure was well understood by the patient, the
best value of at least three consecutive measures was taken [7,8].
Patients inhaled with maximum effort following slow complete
exhalation.

Results were expressed per patient as PIF value (L/min) and
percentage of theoretic PIF value (calculated from Bass’s data) [12].

Decision to control the airway, and notably to perform tra-
cheotomy, was taken by the otorhinolaryngologist after physical

Table 1
Patient characteristics.

Mean age (n=22)
Gender (n=22)

59.6 years (38-79)

Male 72.7% (n=16)
Female 27.2% (n=6)
Etiology (n=22)

Primary tumor or during chemotherapy 40.9% (n=9)
Following HNC surgery? 9.0% (n=2)
HNC recurrence after treatment or secondary HNC 40.9% (n=9)
No HNC recurrence after treatment 45%(n=1)
Bilateral laryngeal palsy 4.5%(n=1)

Tracheostomy (n=22) 100% (n=22)

2 Following HNC surgery associated with regional HNC recurrence in one case.

examination including laryngeal fiberoscopy, prior to PIF measure-
ment.

Mean PIF value was calculated with standard deviation; median
value, lower quartile, upper quartile and range were calculated and
summarized in box plots. Data were analyzed using Microsoft Excel.

The PIF study [7] was approved by the Commission d'évaluation
et de recherche observationnelle en otorhinolaryngologie (CEROL:
review board of the Society of Otolaryngology, France). Data were
strictly anonymous.

3. Results
3.1. Participants

Twenty-two patients with laryngeal dyspnea were eligible for
inclusion during the study period (Table 1): 16 male, 6 female;
mean age, 59.6 years (range 38-79 years). All patients had HNSCC,
except for 1 with bilateral laryngeal palsy. Onset of dyspnea was at
initial laryngeal HNSCC diagnosis in 8 cases, during chemotherapy
in 1 case, postoperatively following HNSCC surgery with no pri-
mary tracheostomy in 2 cases, including 1 with recurrent regional
adenopathy, during follow-up after HNSCC treatment in 10 cases,
including 9 with tumor relapse, or after laser cordotomy in 1 case
(Table 1).

In recurrent or secondary HNSCC, the mean interval after com-
plete primary treatment was 25.8 months (range 2-120 months).

3.2. Tracheostomy

Tracheostomy was performed in all patients (in emergency in 21
and at 10 days in 1), under local anesthesia in 20 cases and general
anesthesia with intubation in 2.

The primary non-fenestrated cuffed cannula was usually
replaced the day after surgery by a fenestrated cuffless tra-
cheostomy tube with the same diameter.

3.3. Peak inspiratory flow results

In this series, mean PIF value before tracheostomy was 53.13
L/min (range, 35-100; SD = 14.5); median, lower quartile and upper
quartile were respectively 50 L/min, 45 L/min and 60 L/min
(Table 2) (Fig. 1). Mean percentage of theoretic PIF was 18.35%
(range, 11.67-33.33%; SD=4.3); median, lower quartile and upper
quartile were respectively 18.33%, 16.07% and 19.86% (Fig. 2).

A PIF <53.13L/min (18.35% of theoretic value) appeared to be
predictive of severe upper airway obstruction requiring imminent
tracheostomy, except in 1 case (patient 16) in which tracheostomy
was postponed for 10 days as the patient preferred to undergo
tracheotomy later, nearer home in another hospital.

One patient (case 13) exhibited a PIF value of 100 L/min, but
dyspnea in this case was due both to recurrent HNSCC with upper
airway obstruction (initially treated by supracricoid laryngectomy
then radiotherapy) and to acute pneumonia from laryngeal aspira-
tion.

86% of patients exhibited PIF < 60 L/min prior to tracheostomy.

3.4. Post-tracheostomy period

Decannulation was performed after 3 months in the patient
with bilateral laryngeal palsy (patient 18), and in 1 patient who
was tracheotomized at day 2 after HNSCC surgery (patient 12).
Tracheostomy was maintained for 7 patients with progressive,
recurrent or secondary HNSCC (patients 2,11,13,15,19, 21, 22)and
in 1 patient without evidence of recurrent HNSCC (patient 16). Total
pharyngolaryngectomy was performed in 6 patients with definitive
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Table 2
PIF values expressed in L/min.

Patients PIF (L/min) Percentage theoretic PIF value (%)
1 55 18.33
2 55 18.33
3 65 20.44
4 50 16.67
5 60 20.00
6 75 23.56
7 55 17.30
8 35 11.67
9 60 18.87
10 45 17.86
11 45 19.23
12 40 13.33
132 100 33.33
14 40 13.33
15 40 15.87
16° 50 21,37
17 60 20.00
18¢ 35 14.96
19 60 18.87
20 50 16.67
21 45 14.15
22 50 19.44
Mean 53.13 20.45

Percentage theoretic PIF values calculated on basis of age and gender PIF values from
(Bass 1973) [12]. The margin of error of the device’s measurements, according to the
manufacturer, is + 10% (i.e., 10 L/min).

2 Dyspnea due to recurrent HNC associated with pneumonia due to aspiration, 7
months following surgery then chemoradiotherapy.

b The only patient in whom tracheostomy was postponed for days.

¢ Dyspnea on day one after laser cordotomy for bilateral laryngeal palsy.

120

100

80

60

L/min

20

PIF

Fig. 1. Box plot representing median PIF value (50L/min) and lower and upper
quartiles (respectively, 45 L/min and 60 L/min). Range was 35-100 L/min.

tracheostomy (patients 5, 8,9, 14, 17 and 20). Six patients died from
the HNSCC (patients 1, 3, 4, 6, 7 and 10).

4. Discussion

There are at present no specific decision-making guidelines in
upper airway control for obstruction. The decision is based on clin-
ical severity of dyspnea (inspiratory bradypnea, intercostal and
upper sternal inspiratory depression, with or without stridor) [2]
[13], and history, such as previous HNC and medical comorbidi-
ties (cardiac or pulmonary diseases). In fact, even severe upper
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Fig. 2. Box plot representing median percentage of theoretic PIF (18.35%) and lower
and upper quartiles (respectively, 16.07% and 19.86%). Range was 11.67-33.33%.

airway obstruction can be well tolerated, but respiratory
exhaustion can suddenly transform tolerated dyspnea into life-
threatening acute respiratory distress. Tolerance of chronic
inspiratory dyspnea varies from patient to patient, as breathing is
frequently precarious in patients with history of HNSCC surgery or
radiotherapy.

Spirometric peak flow measurement is routinely utilized in
pneumology departments to evaluate lower airway obstruction by
peak expiratory flow [14,15], but is not at present performed in
surgical or emergency departments for inspiratory dyspnea.

PIF provides specific quantitative criteria to predict severe upper
airway obstruction, in concordance to physical examination. PIF
levels lower than about 55 L/min (i.e., 18% of theoretic value) were
associated with severe upper airway obstruction in this series of 22
patients. This observational study demonstrated that PIF is a non-
invasive tool to measure upper airway obstruction and to evaluate
the severity of inspiratory dyspnea, helping in decision-making
for tracheostomy. This is in accordance with PIF levels previously
reported for decannulation [7]: the threshold for safe decannu-
lation was >60 L/min, and rates lower than 60 L/min correlated
with recannulation of patients for dyspnea. As this threshold is at
a minimum level for functional breathing, it must be re-evaluated
and reconsidered for each patient, on the basis of clinical examina-
tion and tolerance. When PIF is near threshold, close surveillance
with repeated clinical evaluation and PIF measurement is manda-
tory. Nevertheless, tracheostomy was able to be postponed for
few days in patient 16, since relative tolerance of acute aggrava-
tion of chronic dyspnea allowed scheduled tracheotomy nearer
the patient’s home. A single patient required emergency tra-
cheotomy for dyspnea, despite above-threshold PIF, probably due
to associated acute pneumonia. No other patients presented any
acute pulmonary or cardiac disease. Physical examination and the
comorbidities of each patient are essential to decision-making for
tracheostomy.

In seven patients, severity of laryngeal tumor obstruction and
various comorbidities precluded laryngeal intubation for tumor
debulking, which is an option worth considering before deciding
on tracheotomy.
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The present observational study had certain limitations. No con-
trol population or comparative analysis were possible, since acute
inspiratory dyspnea always requires rapid management, and is life-
threatening. However, in the follow-up of patients with tolerated
chronic laryngeal obstruction (laryngeal stenosis, patients with
head and neck treatment), PIF is considerably higher than 60 L/min
(data not yet published); however, the data collected remain selec-
tive, since all patients with moderate dyspnea are also followed by
other practitioners than otorhinolaryngologists. In addition, only
two studies provide reference values for PIF according to gen-
der and age: Bass [12] reported 130 subjects, using conventional
spirometry, and Tsounis [8] reported 131 subjects, using the In-
check method. The device’s 10% margin of error (i.e.,, 10 L/min)
should also be taken into account, although the best value of at least
three consecutive measurements was used in this study, like in pre-
vious publications [7,8]. Normative PIF data that we collected (data
not yet published) were higher than 150 L/min, but comparison
with patients exhibiting acute upper airway obstruction is difficult
due to variation related to gender, age and weight.

Currently, no other objective or subjective dyspnea scale is avail-
able in the emergency setting; assessment of obstruction severity
in laryngeal fiberoscopy is very operator-dependent, and some
patients with severe upper airway obstruction may show few
symptoms, with only a slight shift leading to severe and quickly
life-threatening decompensation.

Dyspnea scales such as the DyspneaIndex[16]and Clinical COPD
(chronic obstructive pulmonary disease) Questionnaire (CCQ) have
been validated for upper airway obstruction [17,18], but are inad-
equate in emergency situations, as is conventional spirometry.
Arterial blood gas was not analyzed, before or after control of the
airway, because saturation and capnia often remain normal, and
falsely reassuring, in acute and severe dyspnea, even of laryngeal
origin; in this condition, onset of hypoxemia and/or hypercapnia is
late and sudden.

PIF is a simple tool with a rapid learning curve, but is also an
objective and reproducible means to identify dyspnea patients at
risk of acute upper airway obstruction and to establish a man-
agement plan. PIF measurements can also monitor response to
medical treatment in acute dyspnea (nebulization, corticotherapy).
PIF, if available in the emergency unit, may also be very useful in
acute cervical pathology (laryngeal traumatic injury, neck celluli-
tis). Furthermore, it could also be a useful tool to determine the
optimal rate of follow-up in chronic laryngeal disease (inflamma-
tory disease, laryngeal stenosis, bilateral laryngeal palsy, after HNC
treatment).

A multicenter study with repeated PIF measurement, as soon as
HNC is diagnosed then throughout follow-up and in acute dyspnea
episodes, could provide a large amount of data that would refine
the use of PIF. An objective reproducible scale would allow better
understanding and management of the progression of upper airway
obstruction at each step of HNC treatment, for all practitioners and
especially younger ones.

It is also important to note that PIF measurement needs the full
cooperation of the tested subject for results to be valid [8]. Further-
more, although the In-check method is easy to use and the learning
curve is fast, a minimum of experience is needed to confirm the
validity of the values obtained.

5. Conclusion

PIF helps to evaluate acute upper airway obstruction and to
optimize decision-making for imminent airway control. It is a
specific and practical tool for routine clinical use in addition to clin-
ical criteria and laryngeal fiberoscopy. It is simple, reproducible,
inexpensive, non-invasive and easy to use, at the bedside and in
emergency departments. The contribution of PIF in acute upper
airway obstruction should be evaluated in a larger population.
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Objectives: Spirometric evaluation of upper airway obstruction (UAO) is not com-
monly performed by Otolaryngologists. In addition, functional evaluation of UAO by
flow-volume loops (FVL) is not available in all clinical settings. More recently, peak
inspiratory flow (PIF) has proven to be a useful tool to monitor UAO at the patient’s
bedside. The aim of this work is to assess the role of PIF measured with a simple
flow metre (In-Check method) as a standardised, simple, non-invasive tool in quanti-
fying chronic and subacute UAO in a routine clinical practice. In addition, a Clinical
COPD Questionnaire (CCQ), previously validated to assess the psychophysical sta-
tus in patients with laryngotracheal stenosis, was utilised to evaluate respiratory
function in UAO.

Design: Prospective cohort study.

Settings: University teaching hospital.

Participants: Seventy 2 subjects, an UAO group of 26 patients and a control group
of 46 healthy subjects.

Main outcome measures: The ability of PIF values to discriminate between the
UAO group and the control group was assessed using a ROC curve. A Spearman
rank correlation was used to test the relationship between PIF measurements and
the global CCQ score. Additionally, an analysis of CCQ at domain and items levels
was performed.

Results: Peak inspiratory flow values were accurate, with an area under the ROC
curve (AUC) of 0.98 (P < .05) for differentiating the control group from the UAO
group. A threshold PIF value of 170 L/min was found for diagnosing UAO. An
inconclusive negative trend was found (r = —.19; P = .35) between PIF values and
CCQ global score. Concerning CCQ, the symptoms domain was the most affected
by UAO, higher than mental domains (P <.001) as well as functional domains
(P < .01). Exertional dyspnoea and cough were the items that obtained the highest
disturbed scores.

Conclusions: Peak inspiratory flow is a non-invasive, quantitative parameter to eval-
uate the severity of UAO. Testing can be easily performed in a routine clinical set-
ting, with a non-expensive hand-held device, and could help medical follow-up
programmes and prevent emergency situations. However, FVL may be necessary for
further assessment of UAO diseases. The CCQ confirms that exertional dyspnoea is

the main symptom of UAO, but cough remains a common symptom.

Clinical Otolaryngology. 2018;43:1303-1311.
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1 | INTRODUCTION

Upper airway obstruction can be the result of many pathologies involving
the upper aerodigestive tract. The main causes are benign and malignant
neoplasms, traumatic injuries, vocal fold paralysis, chronic inflammatory
disease (such sarcoidosis) or collagen vascular disease (granulomatosis
with polyangitis) as well as extrinsic tracheal compression.

Dyspnoea is the main symptom of UAO. In addition, phlegm and
cough are not rare in subjects with an UAO condition, as in lung dis-
eases. In this context, establishing a differential diagnosis may be dif-
ficult. More specific UAO symptoms such as dysphonia, stridor and
dysphagia may complete the clinical presentation.

Evaluation of UAO is currently made through a flexible laryn-
goscopy for pharynx and larynx diseases. Usually, ENT doctor delib-
erates a percentage of obstruction or a disease description based on
his own perception. For further examinations and for upper tracheal
diseases, direct laryngoscopy and tracheoscopy under general anaes-
thesia is necessary and Myer Cotton scale is the most commonly
used method to measure the severity of subglottic or tracheal steno-
sis.»? However, this method corresponds to a morphological evalua-
tion and not a functional test to evaluate UAO.

Even if quantitative assessment of UAO can be made with flow-
volume loop,® spirometers are not available in all routine clinical set-
tings. Furthermore, and in contrast to pneumology departments, the
quantitative evaluation of UAO with spirometric tests is not commonly
performed by Otolaryngologists. There is, however, a hand-held flow
metre that has been used over the past few years to measure PIF.
Although FVL provide further information about UAO condition and
allow for the calculation of parameters such as total peak flow (peak expi-
ratory flow + PIF) that has been described as the most accurate for diag-
nosing laryngotracheal stenosis,® the simple measure of PIF can
conveniently evaluate UAO.*”" Peak inspiratory flow measurements
with a hand-held device have been used to measure the impact of nose
surgery in nasal obstruction, using the system connected to a nasal
mask.1® More recently, the utility of the hand-held flow inspiratory metre
has also been reported for the quantitative evaluation of UAO for the
decision of decannulation, for UAO assessment in patients undergoing
tonsillectomy as well as for emergent tracheotomy.””?

Additionally, measurements of impact of UAO with a self-related
health questionnaire or psychophysical outcomes are not commonly
performed in Head and Neck departments. The Medical Research
Council scale and the Clinical COPD Questionnaire (CCQ) have previ-
ously been validated as disease-specific outcome measures in adult
laryngotracheal stenosis.?1"1? MRC scale evaluates dyspnoea, whereas
CCQ evaluates dyspnoea but also other symptoms (cough, phlegm)
and other domains (functional limitation and mental status).®1%

The aim of this study is to analyse the quantitative assessment
of UAO using PIF measured with a hand-held flow metre for a
routine clinical setting. Additionally, the impact on respiratory
symptoms of UAO patients was studied using CCQ. We hypothe-
sise, thus, the following: (i) PIF measurement could be an effective

test to discriminate our patient group from our control group, and

Keypoints

» Peak inspiratory flow evaluates quantitatively the severity
of upper airway obstruction in a routine clinical setting.
» Exertional dyspnoea is the main symptom of upper air-

way obstruction on COPD Questionnaire.

(ii) PIF values in UAO patients would be negatively correlated to
their CCQ score.

2 | MATERIAL AND METHODS

2.1 | Ethical considerations

The study was approved by the Commission d’Evaluation et de
Recherche Observationnelle en OtoRhinoLaryngologie (CEROL: Ethics
Committee of the Society of Otolaryngology, France). In accordance
with French legislation (Public Health Code amended by law No 2004-
806, August 9, 2004 and the Huriet-Sérusclat Law 88-1138, Decem-
ber 20, 1988), a patient information letter was issued. All subjects gave
their written informed consent. Data were strictly anonymous.

2.2 | Demographic and clinical data

This prospective cohort study was performed between February
2014 and June 2015 in our Otolaryngology Head and Neck Surgery
Department of a University teaching hospital. A total of 72 consecu-
tive subjects were included: 26 patients with UAO and a control
group consisting of 46 healthy subjects.

Patients of the UAO group were consecutive adults recruited
from the HNC department in the hospitalisation unit or at the office
room. Inclusion criterion of the pathologic group was UAO con-
firmed by flexible laryngoscopy. Subjects of control group were
recruited among medical and paramedical teams or patients followed
in Otolaryngology department at office room, without a medical his-
tory of UAO. Exclusion criteria for UAO and control groups were a
medical history of heart failure or lung disease. All UAO patients and
controls gave their written informed consent.

Peak inspiratory flow measurements and CCQ were performed
on the same day during a follow-up visit at the office or during hos-
pitalisation before surgery.

Patient 1 was evaluated 4 times, and patients 3, 4, 6, 7 and 8 were
tested 2 times. At least, an interval of 1 week was respected between
evaluations. A total of 80 evaluations were performed. Only the first
evaluation of each patient was taken into account for statistical analysis.

2.3 | PIF measurements

An In-check portable hand-held inspiratory flow metre (HS Clement
Clark International Ltd, Haag Streit Group) with a single mouthpiece
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and a nose clip was used for the measurement of PIF. Tests were
performed in a seated position. The transparent body of the In-
Check device is designed to allow visual inspection before use.
Results are measured in L/min, and the standard error of the
device's measurements, according to the manufacturer, is + 10% (ie
10 L/min). Patients performed spirometric tests on themselves with
the help of a respiratory therapist or laryngologist. Patients inhaled
with maximum effort following slow, complete exhalation. When the
procedure was fully understood by the patients after a number of
attempts with the respiratory therapist or laryngologist, the best
value of at least 3 consecutive measures was taken.” Results were

expressed by PIF values (L/min).

2.4 | Psychophysical outcome measures by CCQ

Psychophysical outcome measures were evaluated with the CCQ
(Table 1) previously validated for assessing symptoms’ severity,
level of function and mental status in adult patients with laryngo-
tracheal stenosis.'? The questionnaire is related to patient experi-
ence during the previous week. The CCQ were completed by all
patients under the supervision of a respiratory therapist or a
laryngologist.

CCQ consists of a short and easy scale (10 items) that evaluates
the severity of symptoms (through 4 questions pertaining to dysp-
noea at rest, exceptional dyspnoea, cough and phlegm), functional
limitation (4 questions pertaining to heavy efforts, medium efforts,
daily activities and social activities) and mental function (2 questions

pertaining to depression and loss of control).X*

WILEY-2%

Patients respond to each question using a 7-point scale, from O
(asymptomatic, no limitation) to 6 (extremely symptomatic, totally
limited).

The overall score of the questionnaire is calculated by dividing
the rate obtained by 10.

The overall CCQ score varies between O (the best result) and 6

(the worst result).

2.5 | Data analysis

Continuous and categorical variables were expressed as means with
standard deviations and percentages when appropriate.

To test for differences between the 2 study samples, chi-square
analyses were used for categorical data (sex), and t test for continu-
ous data (age).

The PIF values between the control and UAO groups were com-
pared using t test.

The ability of PIF values to discriminate between the UAO group
and the control group was assessed using a receiver operating char-
acteristic (ROC) curve.

Correlation between global CCQ score and PIF values in the UAO
group and correlation between CCQ domain-specific scores and PIF
values were examined using Spearman’s rank correlation coefficient.

An analysis of CCQ at domain and items levels was also per-
formed. At the domain level, the scores on each of the 3 domains
were calculated separately (symptom domain = items 1 +2 + 5 + 6/
4, 7+8+9+10/4;

domain = items 3 + 4/2) and data were analysed as interval data.

functional domain = items mental

TABLE 1 Clinical COPD Questionnaire (CCQ) used to evaluate the psychophysical outcomes

On average, during the past week, how often did you feel Never

1. Short of breath at rest? 0

2. Short of breath doing physical activities 0

3. Concerned about getting a cold or your breathing 0
getting worse?

4. Depressed (down) because of your breathing problems? 0

In general, during the past week, how much of the time:

5. Did you cough?

6. Did you produce phlegm

On average, during the past week, how limited

were you in these activities because of Not limited

your breathing problems at all

7. Strenuous physical activities (such as climbing stairs, 0
hurrying, doing sports)?

8. Moderate physical activities (such as walking, 0
housework, carrying things)

9. Daily activities at home (such as dressing, 0
washing yourself)?

10. Social activities (such as talking, being with children, 0

visiting friends/relatives)?

Hardly A few Several Many A great Almost all
ever times times times many times the time
1 2 3 4 5 6
1 2 3 4 5 6
1 2 3 4 5 6
1 2 3 4 5 6
1 3 4 5
1 3 4 5
Very slightly  Slightly Moderately Very Extremely Totally limited/
limited limited limited limited limited or unable to do
1 2 3 4 5 6
1 2 3 4 5 6
1 2 3 4 5 6
1 2 3 4 5 6

Patients respond to each question using a 7-point scale, from O (asymptomatic, no limitation) to 6 (extremely symptomatic, totally limited). The overall

score of the questionnaire is calculated by dividing the rate obtained by 10.
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TABLE 2 Patients’ gender and ages, aetiologies, disease description, PIF values, CCQ scores and symptoms for the UAO group

N =26
1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Sex/age (y)
M/66

M/89

F/61

M/21

M/71

F/58

M/27

F/39

M/48

M/62

F/42

M/65

M/65

F/48

M/57

M/57

F/60

M/63

F/59

F/60

F/42

M/55

M/63

F/49

Etiologies
disease description?

HNC seq

Larynx edema after SCL
HNC

T3 Larynx

HNC
T3 Larynx
Granulomatosis with polyangitis
50% subglottis obstruction
HNC seq

Pharyngo-larynx edema and fibrosis after
pharyngectomy and radiotherapy

HNC seq
Larynx edema and fibrosis after SCL and
radiotherapy

Laryngeal Human Papilloma Virus 40%
subglottis obstruction

HNC seq
Larynx edema after SCL

HNC

T4 Pharyngo-Larynx

HNC

T3 Larynx

Reinke’s edema

Bulging of the left vocal fold
HNC

T3 Larynx

HNC seq and recurrent HNC

Larynx edema after SCL, and recurrent
cancer on cervical trachea (30%
obstruction).

Bilateral RLN injury
Bilateral VFMI

HNC
T3 Larynx

HNC seq
Larynx edema after SCL
Unilateral RLN injury
Unilateral VFMI with edema
HNC
T4 Larynx
Unilateral RLN injury
Unilateral VFMI
Unilateral RLN injury
Unilateral VFMI
Unilateral RLN injury
Unilateral VEMI
Post-intubation injury
Bilateral crico-arytenoid ankylosis
Bilateral RLN injury
Bilateral VFMI

HNC seq
Laryngocele

PIF values

130 L/m

80 L/m

105 L/m

150 L/m

140 L/m

130 L/m

170 L/m

45 L/m

65 L/m

130 L/m

220 L/m

60 L/m

100 L/m

130 L/m

160 L/m

130 L/m

110 L/m

70 L/m

150 L/m

140 L/m

170 L/m

160 L/m

100 L/m

60 L/m

CCQ score®
CCQ domains

Global: 1.2
S:10, F:1, M:1
Global: 1

S:8, F:2, M:0
Global: 1.1

S: 7, F:1, M:3
Global: 2.2
S:14, F:6, F:2

Global: 2.1
S:9, F:6, M:6

Global: 1.1
S:7, F:2; M:2

Global: 1.6
S:12, F:2, M:2

Global: 4

S:13, F:20, M:7
Global: 3.9

S:20, F:11; M:8
Global: 0.6

S:4, F:0, F:2
Global: 0.2

S:1, F:1; M:0
Global: 1.9

S:10, F:6, M:3

Global: 2
S:8, F:4, M:8

Global: 3.2

S:10; F:16, M:6
Global: 1.7

S:10, F:4, M:3
Global: 4.2

S:19, F:14, M:9
Global: 0.9

S:4, F:5, M:0
Global: 1.6

S:11, F:3, M:2
Global: 1.6

S:5; F:5, M:6
Global: 1

S:5; F:5, M:0
Global: 3.7

S:13; F:17, M:7
Global: 1.3

S:5, F:6, M:2
Global: 2

S:7, F:9; M:4
Global: 3.2

S:23, F:9, M:0

Symptoms
Dysphonia, dyspnoea, cough, dysphagia

Dysphagia, dysphonia

Dysphonia, odynophagia

Exertional dyspnoea

Dysphagia, dysphonia

Dysphonia,
odynophagia

Dyspnoea
Severe dyspnoea®, Dysphonia
Dysphagia, dysphonia,

severe dyspnoea“
Dysphagia, dysphonia
Dysphonia
Severe dyspnoea®

dysphonia

Severe dyspnoea®

Dyspnoea
Dysphonia, dysphagia
dyspnoea
Dyspnoea, dysphonia
Dysphonia, breathiness,
dyspnoea
Severe dyspnoea®, dysphonia
Dysphagia, dysphonia,
breathiness, dyspnoea
Dysphonia, breathiness, dyspnoea
Dysphonia, breathiness, dyspnoea
Dyspnoea
Dyspnoea

Severe dyspnoea®, dysphonia

(Continues)
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TABLE 2 (Continued)

Etiologies
N =26 Sex/age (y) disease description®
25 M/54 Unilateral RLN injury
Unilateral VEMI
26 M/80 HNC seq

Larynx edema after radiotherapy

WILEY-—27

CCQ score®
PIF values CCQ domains Symptoms
120 L/m Global: 1.4 Dysphonia, breathiness, dyspnoea
S:8, F:6, M:0
35 L/m Global: 1.4 Dyspnoea, dysphonia
S:10, F:4, M:0

Etiologies/Disease description: HNC, Head Neck Cancer; HNC seq, Head neck cancer sequellae; SCPL, Supracricroid laryngectomy; RLN, recurrent

laryngeal nerve; VFMI, vocal fold mobility impairment.

bCCQ score: Global, CCQ global score; S, CCQ Symptoms domain; F, CCQ Functional domain; M, CCQ Mental domain.
“Unplanned hospitalization for inspiratory dyspnoea requiring tracheotomy, laser desobstruction or intravenous corticotherapy and cortico-adrenaline

nebulisations.

Means and standard deviations were calculated and a t test between
domains measurements was realised for testing significant differ-
ences between domains. At the item level, a Likert (summative)
scale, mode, median and range were reviewed to explore the rele-
vance of each item on the present population. A Wilcoxon signed
rank test between item measurements was also realised for testing
significant differences between items.

Data were analysed using XLSTAT and BiostaTGV software
program, provided by P. Louis (Epidemiologie-Santé Publique,
UMR S 1136, Paris, France). Significance level was defined at
P < .05.

3 | RESULTS

3.1 | Patients and lesion characteristics

Between February 2014 and June 2015, 80 subjects were eligible.
In the UAO group, 33 subjects were eligible. Six patients were
excluded due to concomitant heart failure or lung disease: 2
patients with heart failure, 2 patients with COPD, 1 patient with a
papillomatosis pulmonary location and 1 patient with cystic fibrosis
and asthma. One patient was also excluded due to incomplete data.
Thus, 26 patients were enrolled for the UAO group. Among them,
16 males (62%) and 10 females (38%) of which the average age
was 56.8 years (21-89 years, SD = 14.8). The control group con-
sisted of 46 subjects after the exclusion of 1 subject with Churg
and Strauss syndrome: 24 males (52%) and 22 females (48%), with
a mean age of 52.1 years (22-85 years, SD = 17.4). Most of the
subjects of the control group were recruited from the medical and
the paramedical teams and from patients followed in our depart-
ment at office room, without UAO diseases. There was no signifi-
cant difference between both samples in age and gender
characteristics (P < .05).

The most frequent aetiologies of UOA were: head and neck can-
cers (HNC) in 30.8% (n = 8), vocal fold paralysis in 26.9% (n = 7)
and HNC sequelae in 23.1% (n = 6).

Table 2 provides further information on patients’ gender and
ages, aetiologies, PIF values, CCQ scores and symptoms for the
UAO group. Patients exhibiting severe inspiratory dyspnoea were
those requiring unplanned hospitalisation for tracheotomy, laser

desobstruction or intravenous corticotherapy and cortico-adrenaline
nebulisations.

3.2 | PIF ability to discriminate between the UAO
group and control group

Mean PIF values were 117.69 L/min (SD = 44.48) with a 95% confi-
dence interval (95% Cl): 100.59-134.79 in the UAO group and
291.85 L/min (SD = 66.14) with a 95% Cl: 272.74-310.96 in the
control group. Peak inspiratory flow values were statistically differ-
ent between the control group and the UAO group (P < .001).

ROC curve analysis showed that PIF values were accurate
(AUC = 0.98; [95% ClI], 0.94-1; P < .001) for distinguishing the con-
trol group from the UAO group (Figure 1). The sensitivities and
specificities were reported for different PIF values in Table 3. The
value of 170 L/min was the threshold with the best sensitivity (96%)
and specificity (93%).

3.3 | Correlation between CCQ scores and PIF
values

No significant correlation has been established (r = —.19; P = .35)
between PIF values and CCQ global score in the UAO group (Fig-
ure 2).

Peak inspiratory flow values were not significantly correlated to
each CCQ domain-specific scores: symptoms (r= —.27, P=.17),
function (r = —.16, P = .42) and mental status (r = —.01, P = .96).

3.4 | CCQ Analysis

Symptoms domain score was 2.43 (SD = 1.28, range 0.25-5.75),
higher than functional domain score 1.60 (SD = 1.35, range: 0-5),
and mental domain score 1.59 (SD = 1.47, range: 0-4.5). There were
statistically significant differences between symptoms domain and
mental domain (P < .001; T-test, 2 sided) and between symptoms
domain and functional domain (P < .01; T-test, 2 sided). There were
no statistically significant differences between mental domain and
functional domain (P = 1, T-test, 2 sided).

At items level, summative scale score, median, mode and range

in the UAO group were reported in Table 4.
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4 | DISCUSSION

4.1 | Background of the present study

Management of chronic or subacute inspiratory dyspnoea is not
easy, especially in the follow-up of a pathologic evolutive process.
Assessment by a trained team is recommended. In addition, even if
severe UAO can be well tolerated, the increase in work of breathing
or slight imbalance in this context (laryngoscopy, intubation, gastros-
tomy, physical examination in lying position or pneumonia) can sud-
denly transform a tolerated dyspnoea into a rapidly life-threatening
condition. Moreover, quantitative evaluation of this disease is diffi-
cult in routine clinical practice since spirometers measuring FVL are
not commonly available. Peak inspiratory flow with a hand-held
inspiratory metre is a simple quantitative tool, complementary to
laryngoscopy qualitative examination, for frequently measuring UAO.

On the other hand, the evaluation of the impact of UAO with a
self-related health questionnaire is not commonly performed in Head
and Neck departments.

4.2 | Synopsis of key findings

In the present study, we have demonstrated the utility of PIF mea-
surements to evaluate quantitatively chronic and subacute UAO with
a simple hand-held flow metre for routine clinical settings. We could
possibly establish a threshold PIF value of 170 L/min (sensibility
96%, specificity 93%) for diagnosing UAO in our series. An inconclu-
sive negative trend was found (r = —.19; P = .35) between PIF val-
ues and CCQ global score.

Concerning questionnaires, there are 2 self-related health question-
naires that have been validated for patients with UAO, the RMC scale
and the CCQ.**2 We have chosen CCQ since CCQ evaluates sequelae
of UAO patients in a more complete way. In our series, the symptoms
domain was the sphere most affected by UAO, higher than mental
domains (P < .001), as well as functional domains (P < .01). The analysis
of item levels in our work confirms that exertional dyspnoea is the main
symptom of UAO. Items such as exertional dyspnoea, cough, phlegm
and limitation in strenuous physical activities were the highest scores
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FIGURE 1 Receiver operating characteristic curve and dot plots of the discriminative performance of peak inspiratory flow (PIF) values
between the UAO group and control group. The PIF value of 170 L/min was the threshold with the best sensitivity (96%) and specificity (93%)
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TABLE 3 Sensitivity, specificity, PPV and NPV for different PIF values

PIF value (L/min) Sensitivity
140 0.73
150 0.80
160 0.88
170 0.96
180 0.96
190 0.96

PIF, Peak inspiratory flow; PPV, Positive predictive value; cNPV, Negative predictive value.
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FIGURE 2 Correlation between peak inspiratory flow (PIF) values and CCQ scores. A, The relationship between PIF values and CCQ global
score. B, Relationship between PIF values and CCQ symptoms domain. C, Relationship between PIF values and mental domain. D, Relationship

between PIF values and functional domain

disturbed. On the other hand, items concerning depression, dyspnoea

at rest, limitation in social and daily activities were less affected.

4.3 | Comparisons with other studies

Our team has previously demonstrated the utility of PIF measure-
ments for decannulation practices and for monitoring severe inspira-

tory dyspnoea requiring emergent tracheotomy.”? Peak inspiratory

flow values lower than 60 L/min were related to unsuccessful
decannulation for dyspnoea.” In the same way, Lesnik et al® found
that PIF values of 53.7 L/min, in subjects with UAO and severe
inspiratory dyspnoea, need a control of the airway, such as an immi-
nent tracheotomy.

These results are consistent with the results of this study.
Although UAO severity of our recent series is less important than

UAO severity of our precedent works, almost all of the patients
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TABLE 4 At items level in the UAO group: summative scale
score, median, mode and range

Total

score

n=26 Median Mode Range
Exertional dyspnoea*® 80 2.5 2 0-5
Cough 69 25 2 0-6
Strenuous physical activities 67 3 1 0-5
Phlegm 66 2 2 0-6
Loss of control 49 2 2 0-5
Moderate physical activities 42 1.5 0 0-5
Depression 38 1 0 0-4
Dyspnoea at rest 38 1 2 0-5
Social activities 33 0.5 0 0-5
Daily activities 20 0 0 0-5

*The most affected item in patient group, with significant difference
between the rest of the items (P < .05) except cough (P = .3).

(except patient 26) with PIF values equal to or lower than 60 L/min
required airway control such as laser debulking, emergent tra-
cheotomy and close transient monitoring with intravenous corti-
cotherapy and cortico-adrenaline nebulisations (see table 2).

We have found a PIF threshold of 170 L/min for UAO that is
also in solid agreement with the ventilatory characteristics of
patients with laryngotracheal stenosis (146 4+ 69 L/min) and with
unilateral vocal fold mobility impairment (204 + 72 L/min) that were
described by Nouraei.**>

As of today, surprisingly, there is not any previous work that pro-
vides reference inspiratory values with complete formal reference
ranges (age, sex and height). Further studies on reference inspiratory

values are definitely required.

4.4 | Clinical applicability of the study

Peak inspiratory flow measurements with an inexpensive hand-held
device (approximately 70 dollars) can be very resourceful for fre-
quent monitoring of UAO in most clinical settings. This tool can be
very useful to communicate patients’ obstruction levels between
medical centres or medical departments; it may help rapid diagnosis
of UAO to improve the management of risk for patients previously
tracheotomised or intubated in the intensive care unit.¢

Following the analysis of the CCQ results, it is important to con-
sider that the item concerning loss of control in the mental domain
has produced an important score. We tend to believe that patients
self-testing PIF measurements with an inexpensive hand-held flow
metre may be a good strategy to help them become more self-aware

of their UAO condition and thus of its management.1”18

4.5 | Strengths and limitations of the study

The heterogeneity of the UAO group can be an obstacle for the
applicability of our results. Nevertheless, it is important to keep in

mind that the goal of this spirometric test is a functional quantitative
evaluation of upper airway flow. UAO assessment could require
quantitative spirometric measurements regardless of its aetiology.
Spirometric tests are complementary to other exams required in HN
diseases that asses anatomical and morphological features (laryn-
goscopy, CT-scan).

Head and neck cancers and their sequelae are the most frequent
aetiology of UAO in the present study. This is related to the strong
carcinology orientation of our hospital, but post-intubation laryngo-
tracheal stenosis remains another significant cause of UAO.

Peak inspiratory flow measurements with the hand-held flow
metre are simple, inexpensive and easy to use for spirometric tests.
However, flow-volume loop can complete this test, providing addi-
tional information such as fixed or dynamic obstructions, and evalu-
ate also the global pulmonary function. In addition, flow-volume loop
allows for the calculation of parameters such as total peak flow
(peak expiratory flow + PIF) and the ratio of area under the flow-
volume loop to forced vital capacity. These parameters have been
reported as the most accurate to evaluate laryngotracheal stenosis
by Nouraei et al® The impact of extra-thoracic tracheal obstruction
on the expiratory parameters of flow-volume loop may be consid-
ered.>*¢ For this reason, PIF measurements may be performed and
useful for upper obstruction down to cervical tracheal diseases. Nev-
ertheless, further studies would be helpful to identify the impact of
central airways diseases in spirometric parameters.

It is important to consider the use of PIF measurements in
COPD patients with UAO and to take into consideration that lung
diseases have a high impact on expiratory parameters.* In any case,
to avoid this confounding variable, patients with a medical history of
lung diseases were excluded. Nonetheless, another confounding vari-
able such as smoking, which is most likely present in both groups,
has not been taken into account.

On the other hand, some patients were evaluated several times.
In order to minimise bias, only the first evaluation was analysed.

The results of this monocentric study will need to be confirmed
by other studies with larger populations. The UAO group and control
group sample sizes were not planned ahead. In any case, the deci-
sion to finish the recruitment was made prior to statistical analysis.

Peak inspiratory flow measurements with a hand-held flow metre
are simple and easy to obtain, but require the full cooperation of
patients and a minimum experience on the part of practitioner to

obtain from patients a maximal inspiratory effort.

5 | CONCLUSION

We have demonstrated the utility of PIF measurements with a hand-
held flow metre, an inexpensive, simple and easy to perform spiro-
metric test, for the assessment and monitoring of patients with
UAO. Peak inspiratory flow is a quantitative parameter which can
help complement clinical criteria and laryngo-tracheal qualitative
examination for routine clinical use. It may represent a non-invasive
specific tool to help better plan treatments, improve individualised
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care plans and allow the reduction of unplanned situations in
patients with UAO.
The CCQ confirms that exertional dyspnoea is the main symptom

of UAO, but cough is an important perturbed symptom.
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1 | INTRODUCTION

Abstract

Objectives: Tracheostomy is commonly used in intensive care units and in head and
neck departments. Airway obstruction due to occluded cuffless tracheostomy tubes
themselves remains unknown, although capping trials are commonly used before de-
cannulation. The aim of this study was to evaluate the extent to which airway ob-
struction can be caused by occluded cuffless tubes in patients who underwent head
and neck surgery.

Design: Prospective Research Outcome.

Settings: University teaching hospital.

Participants: Fifty patients requiring transient tracheostomy after head and neck
surgery.

Main outcome measures: A flow-volume loop (FVL) through the mouth using a port-
able spirometer, with the occluded fenestrated cuffless tube, was measured before
and immediately after decannulation, by obstructing the orifice of tracheostomy tube.
The measurement of FVL recorded the forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV,), peak expiratory flow (PEF), forced expiratory flow at 50%
of FVC, peak inspiratory flow (PIF) and forced inspiratory flow at 50% of FVC.
Results: A statistically significant difference between all spirometric parameters was
found. Mean PEF and PIF, respectively, increased from 2.8 to 4.5 L/s (P < .0001) and
2.3t0 2.7 L/s (P < .01) before and after decannulation, with a strong positive correla-
tion (r = 0.7; P < .05). A mean expiratory (34%) and inspiratory (9%) airflow reduction
was observed due to cannula.

Conclusions: Occluded cuffless tracheostomy tubes cause a dramatic airflow ob-
struction, mainly in the expiratory phase of FVL. This should be taken into account

during capping trials.

time spent on mechanical ventilation.? In Head Neck Cancer (HNC)

departments, tracheostomy tubes (TT) are used to avoid the risk of

Various uses are made of tracheostomy. In the intensive care unit, tra-
cheostomy is commonly performed to optimise prolonged mechani-
cal ventilation, but the timing of the tracheostomy is a contentious
point. There is no consensus regarding the added value of early vs late

tracheostomy in terms of outcomes such as mortality, pneumonia or

upper airway (UA) obstruction and to protect the airway from blood,
secretions and surgical debris.* In respiratory or neurological depart-
ments, a tracheostomy may be used to decrease dead space and, thus,
work of breathing (WOB).>¢ In general, tracheostomy facilitates the

task of secretion clearance.
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Tracheostomy remains, however, a procedure associated with
acute and late complications such as haemorrhage, obstruction,
displacement, infections and tracheal injuries, including stenosis or
fistulae.” In addition, tracheostomy may affect the patient's men-
tal status and disturb speaking and swallowing functions.®? Thus,
when physiological breathing is already possible, decannulation
is a desirable but challenging process. Available literature about
decannulation is limited to expert opinions, professional con-
sensus and clinical experiences.’®*® Therefore, a quantified and
systematic analysis of these practices is relevant. Guerlain et al*4
reported the usefulness of peak inspiratory flow (PIF) to evalu-
ate UA obstruction before decannulation following HNC surgery.
Nevertheless, the decision to undergo decannulation is most com-
monly made on the basis of general parameters, such as clinical
and hemodynamic stability, status alert and interactive patients, as
well as stability of respiratory functions, secretions or swallowing
functions. Other major parameters include cough effectiveness
and tolerance of tube capping.w'16 In literature protocols, TT are
removed after being plugged for a duration comprised between 24
and 48 hours.'®

Breathing with a plugged tracheostomy increases airflow resis-
tance, which results in increase in WOB.% In this regard, McKim
et al*® have found an increased cough peak flow (CPF) after decan-
nulation for patients with neuromuscular weaknesses: CPF through
the mouth with capped cannula was approximately 0.58 L/s lower
than CPF following decannulation. In addition, Guerlain et al have
found a PIF difference of 0.33 L/s before and after decannulation
in HNC patients.'* In the same way, Gao et al observed that “some
patients who cannot tolerate plugging the TT may be ready to de-
cannulation. This may be attributed to the tube itself creating a sig-
nificant obstruction and turbulent airflow.”” Other authors argue
that increased WOB in patients with occluded TT could be related to
the increase of dead space.®

The aim of this study was to demonstrate the importance of
airway obstruction due to the TT itself, through measurement of

flow-volume loop before and after decannulation.

2 | MATERIALS AND METHODS
2.1 | Study design and participants

This prospective study was performed from March 2014 to April
2016 in our Otolaryngology HNC Surgery Department. Inclusion
criteria were consecutive adult patients who were tracheotomised
(with a number 6 Shiley® cannula for women and a number 8 for
men) following elective surgery for HNC without complications after
surgery. Some of these patients stayed in the intensive care unit for a
few days in order to monitor the free flapper formed during surgery
before discharge to HNC Surgery unit. Patients with missing data
(no spirometric test before decannulation), as well as patients who
could not achieve at least three trials before and after decannulation,

were excluded.

Keypoints

e Upper airway obstruction
e Expiratory flow limitation

e Tracheostomy

2.2 | Variables and measurements

A maximal expiratory flow-volume loop (FVL), which includes forced
inspiratory manoeuvre, was conducted before and after decannulation
according to the American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines.18 Recorded outcomes were peak expiratory flow
(PEF), peak inspiratory flow (PIF), forced vital capacity (FVC), forced ex-
piratory volume in the first second (FEV,), forced expiratory flow at 50%
of FVC (FEF 50%) and forced inspiratory flow at 50% of FVC (FIF 50%).
Measurements were performed with a portable spirometer (EasyOne
2001 diagnostic, ndd Medical Technologies, Zurich, Switzerland) with
a single mouthpiece (Spirette model 2050, ndd Medical Technologies,
Zurich, Switzerland) and a nose clip. A minimum of three FVL were
performed in each case before and after decannulation. For statistical

analysis, FVLs with the best summative PEF-PIF were selected.

2.3 | Decannulation and spirometric test protocol

The day after surgery, the tracheostomy cuffed tube was replaced
by a fenestrated cuffless tube (Shiley®; Covidien plc, Dublin, Ireland).
Decannulation was generally planned postoperatively from the third
to fifth day. The decision to decannulate was made by a surgeon
after physical examination, when the PIF value reached at least
0.75 L/s with the occluded fenestrated cuffless tube.

All FVL were performed after a chest therapy session of airway
clearance and recorded by a single physiotherapist with experience
in spirometric tests. Patients had previously been familiarised with
the test days before decannulation.

Before decannulation, FVL was measured through oral cavity
with occluded fenestrated cuffless tube in seated position in a rigid
chair. After TT removal, FVL was recorded by obstructing the orifice
of the tracheostomy. The fenestrated cuffless tube was occluded
just for the test, and no capping trial was done prior to TT removal.

After each decannulation attempt, patients were closely moni-
tored and checked. When decannulation failed due to dyspnoea, pa-
tients were recannulated (in all cases FVL after decannulation could
be performed).A new physical examination and FVL was repeated

before the next decannulation attempt, commonly 48 hours later.

2.4 | Statistical analysis

Continuous and categorical variables were expressed as means with

standard deviations and percentages when appropriate.
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Results were expressed at patients level for patient character-
istics (n = 50), at spirometric test level for spirometric data (n = 51)
and at decannulation level for expiratory airflow reduction (n = 54).

A t test was calculated to check significant differences between
FVC, FEV, FEV,/FVC, PEF, FEF 50%, PIF and FIF 50% before and
after decannulation attempts (spirometric test level).

A Pearson correlation coefficient between before and after de-
cannulation values was calculated (spirometric test level).

Percentage of expiratory airflow reduction (%EAR) and percent-
age of inspiratory airflow reduction (% IAR) were calculated before
and after decannulation on the basis of spirometric data as follow
(spirometric test level):

A t test was calculated to check for significant differences be-
tween % EAR and %IAR (spirometric test level).

A classification of different expiratory obstruction levels was

made following monitored decannulations (decannulation level).

Decannulations were classified in six categories: no obstruction or bet-
ter expiratory level (O or better), mild (EAR from >0% to <25%), mod-
erate (EAR from 25% to <50%), severe (EAR from 50% to <75%), very
severe (EAR from 75% to <100%) or complete (100%) obstructions.

3 | RESULTS

3.1 | Participants

Fifty-five patients were eligible during the study period (Figure 1).
Five patients were excluded: three had missing spirometric tests
and two could not achieve three trials before decannulation. One of
them failed the three trials because of a manifest discomfort during
the first trial (FVL of this trial showed severe expiratory flattening).

The second patient could not achieve the three pre-decannulation

Eligible patients
(n=55)

Excluded patients n =5
- Missing data (n = 3)

- 3 trials non-achieved (n = 2)

Included
patients (n = 50)

(patient level)
(n= 50)

|

r

\_

Decannulation

after hospital
discharge, 3
monitored

attempts (n=1)

Decannulation at
2" attempt (n = 2)

Decannulation at
1st attempt (n = 47)

r

.

47 spirometric
tests before and

4 spirometric
tests before

3 spirometric
tests before

after and after

and after

decannulation decannulation decannulation

FIGURE 1 Flow diagram structured
in three levels: patients, decannulation
and spirometric tests. ?In three

cases, non-airflow was detected with
spirometry during the three trials prior

to decannulation. This circumstance
prevented these data from being included
in the analysis at spirometric test level

VY

54 monitored
decannulations(decannulation level)

A4

51 fully data analysis for spirometric
tests before and after decannulation®

(spirometric test level)
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trials due to coughing, but his post-decannulation test was done
easily.

Out of 50 patients (patient level) who were included in this pro-
spective study (Table 1), the mean age was 57 years, and females
represented 22%. Tracheostomy was performed during surgery for
curative oncological treatment in 45 patients (with cervical neck
dissection in 40) or for functional reconstruction treatment in five
patients.

Among the 50 included patients, two were studied twice be-
cause their first decannulation failed, and one was studied three
times because the first and second decannulations failed. All in all,
54 decannulations were monitored (decannulation level).

Of the 54 monitored decannulations, the airflow could not be
recorded by spirometry in three cases during the three trials prior
to decannulation (Figure 1). These cases were thus excluded from
statistical analysis before and after decannulation (spirometric test
level) but not from the classification of different expiratory obstruc-

tions (decannulation level).

3.2 | Spirometric findings

All parameters measured by spirometry increased significantly after
decannulation (Table 2). Mean PEF raised from 2.8 L/s before de-
cannulation to 4.5 L/s after decannulation (P < .0001); mean PIF
increased from 2.3 to 2.7 L/s (P < .01).The highest correlation coef-
ficient between before and after decannulation values was found for
FVC (r = 0.84).Twelve patients (24%) exhibited a decrease in FEV,/
FVC ratio (<70%) after decannulation.

Regarding the airflow reduction in51 spirometric tests, the per-
centage of expiratory airflow reduction before and after decannula-
tion was higher than the inspiratory one (33.8 + 21.9 vs 8.9 + 32.0;
P <.0001).

A classification of six different expiratory obstruction categories
was obtained from these 54 monitored decannulations (decannula-
tion level): no obstruction level, mild, moderate, severe, very severe
and complete obstruction (Figure 2). This Figure 2 reports expiratory
obstruction in most spirometric tests, moderate (43%) to more se-
vere obstruction (25%); only no obstruction or mild obstruction was

present in 31% of tests (Figure 2).

4 | DISCUSSION
4.1 | Synopsis of key findings

The importance of airway obstruction due to TT was the aim of the
present study. We have found significant differences in all spiromet-
ric parameters before and after decannulation, the expiratory ones
being the most affected. A strong positive correlation between be-
fore and after decannulation values was found. Thus, in most cases,
higher post-decannulation values are expected and could be calcu-

lated approximately.

TABLE 1 Patient characteristics (patient level, n = 50)

Anthropometrics

Age (years) 56.8 +13.3
(39-81)
Gender (Male/ Female) 39
(78%)/11
(22%)
Height (cm) 171+ 26.2
(150-193)
Weight (Kg) 68 +17.7
(40-108)
BMI (Kg/m?) 23.4+39
(17.7-32.6)
Smoking habit (yes, current or former) 47 (94%)
Type of tumour
Head and neck squamous cell carcinoma 43 (86%)
Adenocarcinoma (floor of the mouth) 1(2%)
Ameloblastoma 1(2%)
Reconstruction following HNC surgery 5(10%)
Surgery type
Partial (pharyngo) laryngectomy 20 (40%)
Pelvi glossectomy with or without 18 (36%)
mandibulectomy
Oropharyngectomy with or without 9 (18%)
mandibulectomy
Uvulectomy 1(2%)
Nasal amputation 1(2%)
No surgery on the primary (cervical neck 1(2%)
dissection)
Cervical neck dissection
None 10 (20%)
Unilateral 18 (36%)
Bilateral 22 (44%)
Shiley cannula size
Number 8/Number 6 38
(76%)/12
(24%)
Decannulation day 656
(2-47)
Decannulation failure rate due to dyspnoea® 4 (7%)

Note: Values are expressed as mean = 1 SD (range values) or number
(percentage).

Abbreviations: BMI, body mass index; HNC, Head Neck Cancer.
*The fifth decannulation failure was due to haemorrhage.

Moreover, tracheostomy occluded cuffless tubes induce them-
selves a 34% expiratory airflow and a 9% inspiratory airflow reduc-
tion, possibly resulting an increase of airflow resistance and thus,
WOB.*! Qualitative examination of the FVL in our patients high-
lights a typical flattening of the expiratory part of the loop, caused
by cannula's tendency to obstruct central airways. Overall, 70% of
our patients suffered from moderate to complete expiratory airflow

reduction (more than 25% of airflow reduction).
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TABLE 2 Values of spirometric parameters measured before and

after decannulation (spirometric test level, n = 51)

Before After P* r**
FVC (L) 2.39+1.25 2.63+1,08 <.05 0.84
FEV1 (L) 1.59 £0.93 1.95+0.84 <.001 0.76
FEV1/FVC (%) 66 +19 75+12 <.0001 0.55
PEF (L/s) 2.84+1.42 450+1.8 <.0001 0.77
FEF 50% (L/s) 1.74+1.04 2.26 +1.276 <.001 0.64
PIF (L/s) 2.26 £1.03 2.74+1.23 <.01 0.71
FIF 50% (L/s) 1.87+£1.01 2.20+1.28 <.05 0.70

Abbreviations: FEF 50%, forced expiratory flow at 50% of FVC; FEV1,

forced expiratory volume in 1 second; FIF50%, forced inspiratory flow
at 50% of FVC. Values are expressed as mean = 1 SD; FVC, forced vital
capacity; PEF, peak expiratory flow; PIF, peak inspiratory flow.

P* Level of significant difference.
r** Pearson correlation coefficient at P level <.05.

4.2 | Strengths and limitations of the study

This is the first study that uses the spirometric test during the
weaning process in patients with TT after HNC surgery and opens
the possibility to use FLV in the management of weaning. The FVL
performed by portable spirometer is adequate to evaluate func-
tional airway status and remains easy to use on patient's bedside.
Additionally, the central airway obstruction due to cannula leads us

to take into new consideration the evaluation of decannulation with

No obstruction (0 or better)
N =5 (9%)

Mild (> 0 % - < 25%)
N =12 (22 %)

WILEY-

occluded tubes. To this respect, further studies would be necessary
to evaluate WOB in the patient breathing during capping trials.

4.3 | Comparison with other studies

These findings are in accordance with two previous studies. Kim
et al find an increased cough peak flow (CPF) after decannulation
in the case of neuromuscular disease (CPF through the mouth with
capped cannula decreased about 0.58 L/s in comparison with CPF
following decannulation).*® Our team also reported a difference of
0.33 L/sin PIF before/after decannulation in the case of HNC.1
Few works on the topic of decannulation do evaluate WOB in
patients with occluded TT before and after decannulation. Villalba
et al evaluate WOB in four different situations: (a) breathing through
a TT with an inflated cuff, (b) breathing through the UA with a de-
flated cuff and occluded tube, (c) breathing through the UA with
an occluded cuffless tube and (d) post—decannulation.6 Breathing
through the UA with occluded tubes, with a deflated cuff, and
breathing through the UA with occluded tubes, with a cuffless
tube, were the two situations requiring higher WOB. But the au-
thors argue that this increased WOB is mainly due to an increase of
dead space; no important obstruction caused by TT was expected.
However, the small population of that study (n = 8) and its inclusion
criteria (patients who tolerated plug for 24 hours) showed no severe
airflow reduction due to cannula. It therefore follows that the tube
is well adapted in patients who tolerate TT capping for 24 hours. The

Moderate (25% - < 50%)
N = l23 §43 l%)l

1 1

e Before decannulation Uz Before decannulation :2 Before decannulation
L After decannulation 1 After decannulation g After decannulation
8 8 8
6 * 6 6
4 4 4 \\\
e = 2 - 2 _ o
= ® 3 Ty
2, 2, 2,
E 3 E - I
-2 e D = 5 —
4432101 2 3 4568 4 3 4 5 6 S35 0 1 2 3 4 5 6
-6 Volume [L] Volume [L] Yolume [L]
Severe (50% - <75%) Very severe (75% - <100% ) Complete Obstruction (100%)
N = 10 (18%) N = 1(2%) N =3 (5%)
12 Boiorcklccannalaton L Before decannulation 12 Before decannulation
10 N fier decannulation i After decannulation 10 After decannulation
8 8 £3 8
[ 6 6
4 4 k 4 e
z 2 g 2 S g 2 g
=40 x = 0 ® 3‘ 0 oy 3¢
= > -U = -2 IJ T 5 N\ /7d
- 4 l\-\ -4‘
"_4 S S D S ST _4—4 -3 -2 -1 0 1 2 3 4 5 6 4 =3 -2 -1 0 1 2 3 4 5 B
Volume [L] Volume [L] - Volume [L]

FIGURE 2 Classification of six different expiratory obstruction categories (no obstruction to complete obstruction level). Blue line:
Flow-volume loop before decannulation. Green line: Flow-volume loop after decannulation. In complete obstruction, no expiratory flow was
detected by the spirometer during the three trials before decannulation (blue line). Spirometer was put into operation by the physiotherapist

(expiratory part of the FVL)
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important obstruction that we have found in three quarters of our
patients could explain an increased WOB in patients being weaned
by capping the TT. An increased WOB in these patients cannot be
only explained by the increase of dead space, but also by the ob-
struction caused by the cannula.

In their analysis of decannulation's impact on respiratory me-
chanics, Delweg et al find no significant difference between PIF,
PEF, WOB and airway resistance before and after decannulation.®’
However, their analysis relied upon a controlled steady state of 40
breath cycles, avoiding situations with high airflow that could in-
crease resistance and WOB. We can even suppose that WOB in-
duced by tube obstruction is linked to the air flow intensity of the
breathing. This has to be considered, since high airflow situations
such as coughing, speaking or doing exercise are common in trache-

otomised patients during weaning period.

4.4 | Clinical applicability of the study

Capping trial is the most popular test to evaluate patients' tracheos-
tomy weaning readiness.’%131° |t is a simple and easy to perform test
that aims to simulate physiological airways with the decannulation
plug. However, our results show that occluded tubes cause a non-
negligible and non-physiological airflow obstruction. Performed just
prior to prolonged capping, FVL can evaluate the potential capping
tolerance.

In our department, decannulation was commonly planned be-
tween the third and fifth day after surgery. Patients with a PIF of at
least 0.75 L/s (with occluded cuffless tube, an increase of 0.33 L/s
has been approximately expected after decannulation) and with sat-
isfactory physical examinations have been decannulated.* Among
our 54 monitored decannulations, four failed due to dyspnoea. Our
failure rate of 7% slightly exceeds usual recommendations (5% of

failure rate).?®

However, spirometric evaluations allow us to decan-
nulate some patients who could not have tolerated plugging the TT
and may be ready for decannulation. Spirometric UA assessments
should therefore be included in clinical criteria associated with the
weaning process. Nevertheless, spirometry cut-off values must be
optimised to decrease decannulation failure rates. In this regard,
Matija et al suggest PIF values between 1.4 and 2 L/s as a decan-
nulation prerequisite.?® Moreover, Lesnik et al find that PIF values
of 0.88 L/s, in the case of subjects with UA obstruction and severe
inspiratory dyspnoea, call for an imminent airway control such as
tracheostomy.?!

We believe that our findings could be extended to other tra-
cheotomised patients and not only to patients with a HNC condi-
tion. The obstruction ratio is calculated according to airflow values
before and after decannulation, regardless of UA patient status. In
UCI patients, airflow obstruction due to TT must be taken into con-
sideration before capping trials, in order to anticipate capping tol-
erance. Besides, in patients with no suspected UA obstruction, the
assessment of others parameters such as lower airway functions is

mandatory.

Further studies with larger populations, different pathologies
from other departments, and using different devices (such as tra-
cheostomy retainers or Montgomery buttons) are strongly recom-
mended. In the meanwhile, let us keep one question in mind: does

my cannula fit right?

5 | CONCLUSIONS

Our results show that tracheostomy occluded cuffless tubes cause
a significant airflow obstruction, mainly in the expiratory phase of
FVL. Checking airway obstruction induced by TT is highly recom-
mended as part of capping trials and may be considered in view of
these results.
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