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Presentacion

La presente tesis doctoral estd estructurada segun las directrices del Marco
Regulador del Doctorado de la Escuela de Postgrado del Departamento de
Medicina de La Universidad de Murcia y se presenta como Compendio de

Publicaciones.

Los estudios que conforman esta tesis doctoral estan relacionados con la linea
de investigacion dirigida a evaluar la utilidad de la Ventilacibn Mecénica no
Invasiva en tres situaciones relacionadas con el fracaso respiratorio agudo o
cronico agudizado grave con conclusiones innovadoras con respecto a los

conocimientos existentes hasta la actualidad.

En los diferentes apartados de esta tesis se exponen los resultados generales de
esta linea de investigacion mientras que los aspectos mas especificos se

encuentran detallados en las publicaciones que se adjuntan
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INTRODUCCION



Aproximacion al manejo de la Insuficiencia Respiratoria. El sistema
respiratorio desempernia, entre otras, la funcién vital del intercambio gaseoso entre
el torrente sanguineo y el entorno. De esta forma, el oxigeno (0O2) es transportado
hasta la superficie alveolar donde difunde a través de la membrana alveolo-capilar.
Ya en la sangre, el O2 se une principalmente con la hemoglobina (permaneciendo
un pequefio porcentaje disuelto en el plasma) para su transporte hacia los
diferentes tejidos, donde supone el sustrato basico para el metabolismo celular. El
principal producto de desecho de este metabolismo aerobio es el dioxido de
carbono (CO2), que realiza el recorrido opuesto al oxigeno para finalmente ser
espirado a la atmdsfera. Por tanto, la insuficiencia respiratoria se define como
aguel sindrome en el cual se produce una incapacidad, por parte del sistema
respiratorio, para la realizacion de un intercambio gaseoso adecuado para los
requerimientos metabdlicos del individuo (1). La definicion de insuficiencia
respiratoria se ha realizado de forma clasica mediante la realizacion de una
gasometria arterial, donde queda reflejada la presencia de hipoxemia, cuando hay
un nivel arterial de presién parcial de oxigeno (PaO2) menor de 60 mmHg e
hipercapnia cuando el aumento de la presion parcial de didéxido de carbono
(PaCO2) es mayor de 45 mmHg; respirando aire ambiente a nivel del mar, en

estado de vigilia y en situacion de reposo (2, 3).

Aunque el mecanismo primario causante del episodio de insuficiencia
respiratoria sea facilmente identificable, es muy frecuente que se asocien otros
durante el curso de la misma que potencien al anterior. Finalmente como via
fisiopatolégica comun, lo que se produce es una discordancia entre la ventilacion y
la perfusion (V/Q) a nivel de los alvéolos pulmonares, que actian promoviendo y
perpetuando la situacion de insuficiencia respiratoria. La insuficiencia respiratoria,
y especialmente la aguda hipoxémica, constituye un sindrome frecuente de capital
importancia en el manejo del paciente critico ya sea debida a motivos
exclusivamente respiratorios o como consecuencia del fallo secundario de otros
organos (4). Si no se consigue revertir con celeridad el desencadenante del cuadro
de insuficiencia respiratoria, los musculos respiratorios incapaces de mantener la
respiracion por ellos mismos, entran en situacion de “fatiga muscular” haciendose

imprescindible el soporte respiratorio artificial. Es por ello, que en el marco de las



medidas basicas de soporte vital, asegurar un correcto intercambio gaseoso es

prioritario en relacion al pronéstico del paciente a corto, medio y largo plazo. Para

este proposito, la asistencia respiratoria se puede realizar, basicamente, de tres

formas:

Oxigenoterapia convencional. Mediante la aplicacion de un flujo de aire
enriguecido en O2 a través de dispositivos como gafas nasales, mascarillas

tipo Venturi o mascarilla con bolsa de reservorio (5).

Oxigenoterapia de alto flujo mediante canula nasal y humificacién activa.
Existen nuevos dispositivos respiratorios que permiten calentar y humidificar
flujos de aire para su administracion a través de una canula nasal, con los
gue se puede tolerar flujos muy elevados, en torno a los 40 a 60
litros/minuto. Estos sistemas de alto flujo con canula nasal y que incluyen un
calentador humidificador acoplado ofrecen un modo alternativo de
oxigenacion eficaz, con elevada experiencia en el tratamiento domiciliario de
enfermos con insuficiencia respiratoria crénica, en la insuficiencia
respiratoria aguda posquirdrgica, en medicina intensiva pediatrica y en
pacientes adultos, sobre todo en los casos de hipoxemia o disnea refractaria
al tratamiento con las tradicionales mascarillas con efecto Venturi, ya que
aportan un fraccibn mas constante y elevada de oxigeno, reducen el
espacio muerto, generan presion positiva y ofrecen comodidad vy
tolerabilidad (6,7)

Ventilacién mecéanica (VM). El suministro artificial de flujos ventilatorios, con
objeto de ayudar de forma parcial o sustituir en su totalidad a la funcion
ventilatoria del aparato respiratorio del individuo enfermo, se produce
mediante el establecimiento de un gradiente de presion entre la via aérea y

los alvéolos pulmonares. La VM se puede dividir en dos modalidades:



Invasiva (VMI): El calificativo de “invasiva” viene determinado porque evita y
altera la barrera fisiolégica que para la via respiratoria representa la glotis,
mediante la colocacibn de un tubo endotraqueal. Clasicamente se ha
considerado como la principal medida de tratamiento de la insuficiencia
respiratoria aguda hipoxémica grave, en el ambito del paciente critico, cuando
la oxigenoterapia convencional es insuficiente para mantener una adecuada

situacion clinica y/o gasomeétrica (8).

No Invasiva (VNI). Esta modalidad terapéutica se define como aquel soporte
ventilatorio en la que la interfaz entre el paciente y el ventilador prescinde de la
intubacion orotraqueal o la canalizacion traqueal. De esta forma se evita el
principal problema de la VMI como son las complicaciones asociadas a la
intubacién endotraqueal (9), que condicionan de forma decisiva el pronéstico
de los pacientes, especialmente en aquellos individuos afectos de insuficiencia

respiratoria cronica y/o con diferentes niveles de inmunosupresion.

Ventilacién mecénica no invasiva.

Aunque el primer dispositivo de VNI como fundamento tedrico fue descrito por
John Dalziel en el afio 1838, no sera hasta la primera mitad del siglo XX, con la
utilizacion de la energia eléctrica, cuando el uso de estos mecanismos goce de la
confianza de la comunidad médica. En 1928, Philip Drinker crea el denominado
“pulmon de acero” que consiste en un gran cilindro metalico, con un orificio en un
extremo para la cabeza del paciente. En el interior de este dispositivo se generan
presiones negativas con objeto de ayudar al esfuerzo ventilatorio y/o mitigar la
fatiga de los musculos respiratorios. De hecho, éste y otros mecanismos similares
fueron la herramienta terapéutica de eleccion, en cuanto a soporte respiratorio se
refiere, de los pacientes aquejados de paralisis o debilidad de los musculos

respiratorios. No obstante, la VNI con presion negativa sufrio un duro revés en



1952, durante la gran epidemia de poliomielitis de Copenhague. La utilizacion de
respiradores con presion positiva superaron los resultados de los que
proporcionaban presion negativa, fundamentalmente por la mejor proteccion y
aislamiento de la via aérea junto al mejor manejo de las secreciones respiratorias.
Este hecho promovio el uso de la ventilacion invasiva con presion positiva, que se
vio reforzada durante las primeras décadas de la segunda mitad del siglo XX, de
forma paralela al desarrollo de las unidades de cuidados intensivos (UCI), donde
llegb a ser una practica habitual para el manejo de pacientes con fracaso
respiratorio agudo. Es a partir de la década de los 80-90 del siglo pasado cuando,
tras el auge inicial por la VMI, resurge el interés por la VNI con la introduccion de la
misma en el manejo del sindrome de apnea obstructiva del suefio (SAOS)
mediante dispositivos suministradores de presion positiva continua en la via aérea.
Este hecho supuso una verdadera revolucion terapéutica puesto que favorecio la
apertura del espectro de indicaciones al enfermo respiratorio crénico, asi como un
impulso considerable para su aplicacion en diferentes procesos respiratorios. Por
otro lado, el progresivo desarrollo tecnolégico, con la aparicién de nuevas interfaz
respirador-paciente y la introduccién de respiradores cada vez mas sofisticados, ha
contribuido a una franca mejoria en los resultados de la técnica. Estas
innovaciones tecnoldgicas que se ha producido en los Ultimos afios han
repercutido en una aplicacion cada vez mas selectiva e individualizada de la
técnica, en respuesta a los requerimientos puntuales de cada paciente, refrendada
por una amplia literatura cientifica que avala su uso en determinadas etiologias de

insuficiencia respiratoria y en determinados pacientes.

De la misma forma que ocurre con la ventilacion convencional, la VNI puede
administrarse a un paciente de diversas maneras. Los modos ventilatorios con este
tipo de soporte ventilatorio han ido desarrolldndose en los Ultimos afios y
actualmente disponemos de varios modos que pueden ser utilizados. Pese a ello,
la mayoria de clinicos que utilizan la VNI circunscribe el uso de la VNI a dos
modos, el modo CPAP (presion positiva continua de la via aérea) y la utilizacion de
presion de soporte mas presion positiva al final de la espiracion. Una variante de
esta ultima, el modo BiPAP (ventilacién con doble nivel de presion positiva) es el

mas utilizado en la actualidad sobre todo en el paciente hipercapnico,



preferiendose el modo CPAP para el paciente con edema agudo de pulmon. Asi
mismo, en la actualidad se disponen de multiples interfaces para aplicar la
ventilacion no invasiva. En el ambito del paciente agudo, la mayoria de médicos
que tratan a estos pacientes prefieren la mascarilla orofacial, o su variante la
mascarilla total face, en el momento agudo, utilizandose la mascarilla nasal para el
paciente que no tolera la anterior o cuando el fallo respiratorio ha mejorado.
Aungue disponemos de interfaces que pemiten una mejor relacion con el medio y
menor numero de complicaciones sobre todo cutdneas, como es el Helmet o
casco, su uso esta mucho menos extendido que las mascarillas convencionales,

utilizadndose en algunos grupos de pacientes determinados.

No hay duda de que la VNI presenta multiples ventajas sobre la modalidad
invasiva. Entre las mas importantes destaca la evitacion de las complicaciones
derivadas de la intubaciébn endotraqueal y ventilacion mecénica invasiva,
especialmente las complicaciones infecciosas (9). Por otro lado, la relacion del
paciente con el ambiente (bienestar, autonomia, relacién) estd mucho mas
conservado en el caso de tratamiento con VNI que con invasiva. Obviamente, la
VNI no esta exenta de complicaciones, en general frecuentes pero poco
importantes, aunque algunas de ellas se relacionan con el fracaso del soporte no
invasivo (10-12). El porcentaje de pacientes con complicaciones relacionadas con
la VNI es muy variable, entre el 10% y el 50% de los pacientes van a desarrollar
alguna complicacién, incluyendo las desarrolladas al fracasar la VNI y precisar
intubacion endotraqueal (13). Casi siempre estan asociadas con la interfaz y con
la presién o flujo del aire administrado. Entre las complicaciones destacan la
necrosis de la piel del puente nasal, la irritacion ocular, las molestias nasales,
paranasales y orofaringeas. Las complicaciones mas graves, distension géstrica,
vomitos, broncoaspiraciéon o neumotérax son mucho menos frecuentes. Especial
mencion debe de hacerse a la claustrofobia que puede producir esta técnica
ventilatoria, cuya forma mas extrema, la intolerancia puede ser causa de fracaso

de la técnica.



La VNI como toda tecnica de soporte tienen sus indicaciones Yy
contraindicaciones. Estas ultimas son poco frecuentes (14), y tienen mas una base
teorica que real, estando en discusion algunas de ellas, como es el caso de la
encefalopatia hipercdpnica grave, la dificultad de manejar secreciones respiratorias
o la incapacidad de colaboracion. Es por ello, que salvo la situaciéon de parada
cardio-respiratoria inminente, la imposibilidad de aplicar alguna interfaz y la
presencia de obstruccién importante de la via aérea superior, el resto de
contraindicaciones se deben considerar “relativas” puesto que, hasta ahora, no
existe evidencia cientifica que desaconseje taxativamente su aplicacion en estas

circunstancias (15).

Las indicaciones para soporte respiratorio con VNI no se circunscriben
Gnicamente al paciente critico, sino que es un procedimiento valido en el ambito de
la hospitalizacién de agudos, al igual que en la terapia domiciliaria cronica o de
mantenimiento. En el marco del paciente agudo, se ha utlizado la VNI
practicamente en cualquier forma de insuficiencia respiratoria. Sin embargo, la
evidencia cientifica para recomendar su uso no se ha logrado en todas las
etiologias de la insuficiencia respiratoria. Asi multiples ensayos controlados vy
aleatorizados, algunos multicéntricos, han sido publicados en aras de demostrar
que la utilizacion de VNI frente a terapia estandar, ya sea con VMI u
oxigenoterapia convencional, mejora la morbimortalidad de los pacientes (16).
También se han publicado multiples estudios observacionales analizando los
factores de riesgo para fracaso de VNI en pacientes con insuficiencia respiratoria
para mejor acotar la utilizacion de esta terapia. Con ello pretendemos incidir en su
uso en los pacientes con mas probabilidades de tener éxito, mientras que en los
que se prevee una elevada posibilidad de fracaso deberia de ser intubados

precozmente.

Dentro de las indicaciones actuales para VNI destaca el paciente con
insuficiencia respiratoria crénica agudizada grave secundaria a EPOC. La
aplicacion de VNI al paciente con EPOC exacerbado, con acidosis respiratoria

persistente pese a tratamiento meédico, ha sido una de las primeras indicaciones



para la técnica ventilatoria no invasiva, con un porcentaje de fracasos
(generalmente definido por la necesidad de intubacién endotraqueal) muy
variable, entre el 7% vy el 64% (17,18). En las directrices sobre el uso de VNI en el
paciente agudo su aplicacién en el paciente EPOC con exacerbacion presenta un
grado de recomendacion 1A. También se ha comparado VNI frente a invasiva en
pacientes EPOC con exacerbacion muy grave (18-20). Las conclusiones de estos
estudios seria que la probabilidad de éxito de la terapia no invasiva, en pacientes
con grave acidosis respiratoria, es menor, aunque se puede aplicar la VNI y ante
la no mejoria no se debe retrasar la intubacion. En esta patologia tan frecuente,
también se ha analizado los factores de riesgo para fracaso de la VNI, mediante
una aproximacion estadistica univariante y multivariante, con resultados
contradictorios, (17) En general se puede afirmar que la mayor gravedad de los
pacientes, medida mediante los indices generales utilizados en UCI, es un factor
predictivo de resultado de la técnica. Es importante tener en cuenta que la
capacidad predictiva de algunas de estas variables, mejora claramente cuando se
miden a la hora o dos horas de iniciado el soporte no invasivo.

La segunda indicacién fundamental para VNI es el paciente con insuficiencia
respiratoria secundaria a edema agudo de pulmon cardiogénico. Durante los
altimos afios se han publicado numerosos estudios controlados y aleatorizados,
inicialmente comparando CPAP frente a oxigenoterapia convencional vy
posteriormente ventilacién con doble nivel de presion en el tratamiento del edema
agudo de pulmén cardiogénico, para disminuir la morbilidad y mortalidad en estos
pacientes. Con respecto a la CPAP, la BiPAP tiene la capacidad de mejorar el
funcionalismo de los musculos respiratorios mas eficientemente y revertir o
prevenir mejor el fracaso ventilatorio, la hipoventilacion alveolar y la hipercapnia.
Los estudios aleatorizados han sido sintetizados en mdltiples revisiones
sistematicas y metaanalisis (21-27) en los que se llegaba a la misma conclusion: el
uso de cualquier modo de ventilacion no invasiva (CPAP o BiPAP) mejora el
pronéstico del paciente en edema agudo de pulmén cardiogénico, tanto por una
disminucién de morbilidad como de mortalidad. Otras conclusiones fueron que,
pese a las ventajas teoricas del uso de doble nivel de presion, no se demuestran

diferencias en el pronéstico si se utiliza CPAP 6 BIPAP. Tambien en esta



patologia se han analizado los factores de riesgo para fracaso de la VNI y
mortalidad hospitalaria (28, 29). Entre las variables que en el analisis multivariante
se relaciona con el fracaso estan las complicaciones derivadas de la aplicacion de
la técnica, la mayor gravedad al ingreso o durante la evolucion clinica, asi como la
procedencia de planta de hospitalizacion en vez de urgencias y la presencia de
sindrome coronario agudo como desencadenante del edema agudo de pulmon
(29).

Mas problematica es la utilizacion de VNI en el paciente con insuficiencia
respiratoria aguda hipoxémica de etiologia no cardiaca. Tradicionalmente en el
paciente con fracaso respiratorio hipoxémico, la aplicacion de VNI ha sido
considerada como una medida de soporte suboptima y con resultados
contradictorios, motivado en muchos casos por la inclusiéon de pacientes de muy
diferentes categorias en estos estudios. Ha sido publicado un metaandlisis que
sintetiza los resultados de ocho ensayos controlados y aleatorizados sobre el uso
de VNI con respecto a terapia estandar en pacientes con IRA hipoxémica,
excluyendo a los pacientes con edema agudo de pulmon cardiogénico y
exacerbaciones de EPOC (30). Las conclusiones eran que el uso de VNI podria
suponer un beneficio en el paciente al diminuir la intubacion, reduciendo la
estancia y la mortalidad en UCI sin modificar la mortalidad hospitalaria,
observandose una amplia variabilidad en los estudios debido a la diferente

poblacién estudiada.

Dentro de la patologia mas frecuente, en la neumonia adquirida en la
comunidad grave (31,32) y el sindrome de distres respiratorio agudo del adulto, los
ensayos controlados y aleatorizados son escasos, con bajo numero de pacientes
incluidos, y aunque se objetiva un mejor prondstico en los pacientes tratados con
VNI, no pueden considerarse resultados definitivos (33). Los estudios
observacionales en estos pacientes muestran tasas de fracaso muy altas, que
pueden alcanzar cifras mas elevadas aun, en pacientes con fracaso multiorganico
(34). En la actualidad las guias de préctica clinica (35), no recomiendan el uso
sistematico de la VNI en pacientes con neumonia sin EPOC, ni en el sindrome de

distres respiratorio agudo/lesion pulmonar aguda.



Algunas consideraciones deben de hacerse sobre el uso de VNI en el paciente
con IRA hipoxémica “de novo”, es decir sin patologia respiratoria o cardiaca previa,
en contraposicion del paciente con insuficiencia respiratoria cronica agudizada. En
una amplia serie prospectiva de pacientes en ventilacion mecénica reclutadas en
70 UCIs francesas, se demuestra que el fracaso de la ventilacion no invasiva
seguida de intubacion endotraqueal en aquellos pacientes que presentaban IRA
“de novo” condicionaba un incremento de la probabilidad de muerte (36). Aunque
sin una explicacién definitiva, se hipotetiza que el uso inadecuado en paciente en
el que no esta indicada o la prolongacion excesiva de VNI en paciente que no
mejora de forma signifcativa, puede suponer un riesgo para un desenlace

desfavorable.

Una consideraciéon especial puede hacerse en el paciente inmunodeprimido. El
aumento de las complicaciones infecciosas relacionadas con el empleo de la VMI
es el principal factor determinante para considerar el uso de VNI en los pacientes
con inmunosupresion. Ensayos controlados y aleatorizados, asi como multiples
series observacionales apuntan a la utilidad de la VNI en pacientes
inmunodeprimidos con infiltrados pulmonares que producen insuficiencia

respiratoria aguda (37).

Una de las indicaciones fundamentales de la VNI en la Unidad de Cuidados
Intensivos es en el paciente tras la extubacion. La aplicacion de VNI en el paciente
previamente intubado se puede enmarcar en tres contextos diferentes. En primer
lugar, los pacientes que tras ser extubados presentan fracaso respiratorio
postextubacion. En segundo lugar, en la facilitacion del “destete” del ventilador en
el paciente que no cumple criterios para ser extubado. Por ultimo, se ha utilizado la
VNI de forma “profilactica”, para prevenir el fracaso post-extubacién en el paciente
gue al ser extubado no presenta fracaso respiratorio pero si tiene factores de
riesgo para desarrollarlo en las siguientes horas. El uso de VNI para tratar al
paciente con insuficiencia respiratoria post-extubacion esta muy controvertido (38,
39), sin embargo puede considerarse su utilizacibn en pacientes con mayor
probabilidad de tener éxito, como son los pacientes EPOC y con insuficiencia
cardiaca. Tambien es controvertido el uso de la VNI como una herramienta para
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facilitar la liberacién de la VMI y del tubo endotraqueal. Se trata de un subgrupo de
pacientes en los cuales fracasa el destete convencional, y pese a no cumplir
criterios clinicos, los pacientes son extubados, para inmediatamente aplicar VNI
generalmente en soporte de presion. Recientemente ha sido publicado un
metaanalisis y revision de la Cochrane por Burns y cols. (40) que, sintetiza los
ensayos clinicos aleatorizados publicados hasta el momento, mostrando una
reduccion de morbimortalidad en los pacientes tratados con VNI. En ultimo lugar, la
aplicacion de VNI “profilactica” ha sido evaluada para evitar la reintubacién en
pacientes de alto riesgo (ancianos, intento previo de weaning fallido, insuficiencia
cardiaca congestiva, PaCO2 elevada tras la extubacion, comorbilidades asociadas,
estridor, gravedad de la enfermedad y obesidad modrbida), fundamentalmente en
pacientes con fracaso respiratorio crénico. Un muy reciente metaanalisis (41)
concluye que el uso de la VNI disminuye la tasa de reintubacion respecto a
aguellos pacientes tratados con oxigenoterapia convencional, sobre todo en
pacientes EPOC y en pacientes en los que se prevee un alto riesgo de fracaso en

la extubacion,

Ademas de las indicaciones “clasicas” de VNI, esta modalidad de soporte
ventilatorio ha sido utilizada en casi cualquier etiologia de insuficiencia respiratoria,
tanto aguda como cronica. Una de la mas estudiada ha sido para tratar la
insuficiencia respiratoria en el postoperado de torax o abdomen (42) o para
prevenir su aparicion, con muy buenos resultados. Tambien se han publicado
varios estudios controlados y observacionales en el pacientes asmatico, donde una
reciente revision (43), incluye ensayos clinicos aleatorizados pero también
observacionales y retrospectivos. Concluyen los autores que el uso de la VNI en el
ataque agudo de asma se asocia con una mejora importante de las variables
fisiolégicas (frecuencia respiratoria, flujo pico), y que la mejoria en el flujo pico
estaria relacionada con el efecto directo de la presion postiva. También observan
gue no se encuentra ninguna mejoria en la tasa de intubacién, mortalidad,
duracion de la estancia hospitalaria y en UCI. Como se ha mencionado, el uso de
VNI para indicaciones no usuales de esta técnica se esta generalizando (44), y
cada vez son mas las publicaciones sobre el uso de VNI como técnica de

preoxigenacion antes de la intubacion (45-48), en pacientes muy ancianos (49),
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como apoyo a técnicas diagnosticas o terapeuticas invasivas (50, 51), y sindrome
de Hipoventilacion-Obesidad (52-55). En cualquier etiologia de insuficiencia
respiratoria, un porcentaje variable de los mismos presenta orden de no intubacién
(ONI). Pese a ello, a estos pacientes se les podria aplicar la VNI para intentar
mejorar la sintomatologia y la supervivencia cuando la causa del fallo respiratorio
sea reversible. La supervivencia de los pacientes con ONI e insuficiencia
respiratoria, tratados con VNI, también muestra una amplia variabilidad segun las
series y depende, sobre todo, de la poblacién estudiada. En una reciente revision,
Azoulay (56) sumariza 10 estudios publicados de pacientes con ONI y tratados con

VNI, mostrando una supervivencia hospitalaria media de alrededor del 50%.
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Reduccion de la mortalidad con la VNI. Recientemente se ha publicado una
revision sistematica y metaanalisis analizando la eficacia de la VNI en el paciente
agudo (16). Se incluyen ensayos controlados y aleatorizados publicados entre
1994 y 2013 comparando VNI frente a otras terapias en el tratamiento o
prevencion de la IRA, y en la facilitacion de la extubacion. Se analizan 78 ensayos
controlados con 7.365 pacientes aleatorizados. En 57 ensayos, la VNI se utiliza
para tratar la IRA (4 comparandola con intubacion endotraqueal y el resto frente a
terapia estandar); 14 estudios utilizandola para prevenir la IRA que no estaba
presente en el momento de la aleatorizacion (generalmente en el periodo
postoperatorio o tras la extubacién en UCI); y 7 ensayos donde la VNI se utiliza
para facilitar el destete de pacientes intubados en UCI y que no cumplen criterios
de extubacion (en estos estudios, los pacientes en el grupo control seguian
intubados mediante un protocolo de destete estandar). El seguimiento muestra
que, globalmente, la VNI reduce la mortalidad de forma significativa (12,6% en el
grupo VNI y 17,8% en el control, RR =0,74; NNT: 19). La mortalidad se reduce
tanto cuando la VNI se utiliza de forma terapéutica o preventiva, pero no cuando la
VNI se utiliza para facilitar el destete. Este articulo muestra, ademas, que la
reducion de la mortalidad se mantiene aun considerando a los pacientes que en el
grupo control son tratados con VNI, al cumplir criterios de fracaso de la terapia
convencional. Entre los estudios que analizan la mortalidad hospitalaria (59
ensayos), el uso de VNI también reduce la mortalidad (10, 9% frente a 16, 9%, RR
=0, 69; NNT: 17).

En la tabla 1 se resumen los resultados globales, mortalidad en el seguimiento,
de todos los pacientes incluidos en la revisidn sistematica y de los diferentes

subgrupos etioldgicos.
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Tabla 1. Resultados clinicos de la revisién sistematica

Etiologia IRA
Escenario

Tratamiento IRA
EPOC

Asma
EAPc

Extrahospital

IRA

VNI vs VMI

IRA PE

IRA PO

Prevencion

Prevencion IRA PE
Alto riesgo

No seleccionados

Prevencion IRA PO
Cirugia Pulmén

Obesos

Fallo Prueba T

GLOBAL

Facilitacion Weaning

Eventos/Casos

385/2.717

50/529

0/71
170/1.278

15 /195

115 /537

20/ 88

40/ 153

10/149

48 /906

33/403

30/181

3/222

11 /490

5/221

0/73

52 /217

49 /160

485/ 3.840

Eventos/Controles

476 /2.314

97 /533

0 /54
148 /890

17 /193

180 /540

37/92

28 /149

23 /148

76 /919

55/408

49 /184

6/224

14 /498

9/223

0/78

761292

66 /239

628/ 3.525

RR
IC-95%

0,72
0,63-0,81
0,56
0,42-0,74

0,80
0,65-0,99
0,88
0,45-1,70
0,66
0,54-0,80

0,59
0,37-0,92

1,35
0,78-2,35

0,51
0,28-0,92
0,64
0,46-0,90

0,65
0,44-0,96

0,64
0,43-0,97
0,53
0,04-6,50

0,81
0,26-2.53
0,55
0,51-1,30
0,81
0,51-1,30
0,91
0,56-1,47
0,73
0,66-0,81

p NNT
<0,001 16
<0,001 11
0,04 30
0,69
<0,001 8
0,02 6
0,28
0,02 11
0,01 34
0,03 19
0,003 10
0,61
0,29
0,39
0,70
<0,001 19

(IRA: Insuficiencia respiratoria aguda; EPOC: Enfermedad pulmonar obstructiva crénica; EAPc: edema

agudo de pulmon cardiogénico; VNI: ventilacion no invasiva; VMI: ventilacién mecanica

invasiva;

IRA PE: insuficiencia respiratoria postextubacion; IRA PO: Insuficiencia respiratoria postoperatoria).
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2.2 Abstract

Background. Non-invasive ventilation can prevent respiratory failure after
extubation in individuals at increased risk of this complication, and enhanced
survival in patients with hypercapnia has been recorded. We aimed to assess
prospectively the effectiveness of non-invasive ventilation after extubation in

patients with hypercapnia and as rescue therapy when respiratory failure develops.

Methods. We undertook a randomised controlled trial in three intensive-care units
in Spain. We enrolled 106 mechanically ventilated patients with chronic respiratory
disorders and hypercapnia after a successful spontaneous breathing trial. We
randomly allocated participants by computer to receive after extubation either
non-invasive ventilation for 24 h (n=54) or conventional oxygen treatment (n=52).
The primary endpoint was avoidance of respiratory failure within 72 h after

extubation. Analysis was by intention to treat.

Findings. Respiratory failure after extubation was less frequent in patients assigned
non-invasive ventilation than in those allocated conventional oxygen therapy (8
[15%] vs 25 [48%]; odds ratio 5-:32 [95% CI 2:11-13-46]; p<0-0001). In patients with
respiratory failure, non-invasive ventilation as rescue therapy avoided reintubation
in 17 of 27 patients. Non-invasive ventilation was independently associated with a
lower risk of respiratory failure after extubation (adjusted odds ratio 0-17 [95% CI
0-06—0-44]; p<0-0001). 90-day mortality was lower in patients assigned non-

invasive ventilation than in those allocated conventional oxygen (p=0-0146).

Interpretation. Early non-invasive ventilation after extubation diminished risk of
respiratory failure and lowered 90-day mortality in patients with hypercapnia during
a spontaneous breathing trial. Routine implementation of this strategy for
management of mechanically ventilated patients with chronic respiratory disorders
Is advisable.
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2.3 Introduction

Reintubation is sometimes necessary for management of respiratory failure after
extubation® and is undertaken in 6-23% of patients within 48-72 h of planned

extubation.?™

Although reintubation could indicate increased disease severity, it is an

5

independent risk factor for nosocomial pneumonia, ° mortality, and extended

hospital stay.?

Findings of a case-control study® suggest that non- invasive ventilation could be
a promising treatment for respiratory failure after extubation, with potential to
avoid reintubation.” However, some concerns have been raised about use of non-
invasive ventilation because in two randomised clinical trials in mixed populations,
non-invasive ventilation was not beneficial in decreasing the risk of reintubation for
patients who developed respiratory failure after extubation.™® By contrast, non-
invasive ventilation implemented immediately after planned extubation was
effective at avoiding respiratory failure in people at high risk of this complication
who had tolerated a spontaneous breathing trial.>*° Subgroup analysis showed that
the benefits of non-invasive ventilation at enhancing survival were restricted to
patients with hypercapnia (partial pressure of arterial carbon dioxide [PaCO2] >45
mm Hg) during the spontaneous breathing trial before extubation10. In this subset

of patients, 98% had underlying chronic respiratory disorders.

Findings of an adequately powered clinical trial should be able to show benefits of
non-invasive ventilation after extubation in a hypercapnic population for several
reasons. First, definitive conclusions can be drawn, unlike with subgroup analyses.
Second, the numbers of patients with hypercapnia enrolled into the study can be
controlled, by comparison with low numbers recorded in previous subgroup
analyses®. Finally, non-invasive ventilation is an effective treatment for patients

with acute-on-chronic hypercapnic respiratory failure™
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We postulated that early use of non-invasive ventilation during the initial period
after extubation would avert respiratory failure and enhance survival of patients with
chronic respiratory disorders who had hypercapnia during a spontaneous breathing
trial before extubation. Therefore, we aimed to assess the effectiveness of this
strategy compared with conventional oxygen management in patients who
underwent planned extubation.
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2.4 Methods
Patients

We undertook a randomised controlled trial in the respiratory and medical
intensive-care units of Hospital Clinic, Barcelona, and in the general intensive-care
unit of Hospital Morales Meseguer, Murcia, Spain. All patients with chronic
respiratory disorders, intubated for 48 h or more, who tolerated a spontaneous
breathing trial through a T-piece after recovery of their disease, with hypercapnic
respiratory failure (PaCO2 >45 mm Hg) on spontaneous breathing, were deemed
eligible for the study. We did not screen patients with a tracheostomy. Exclusion
criteria were: facial or cranial trauma or surgery; recent gastric, oral, or
oesophageal surgery (ie, during the current hospital admission); active upper
gastrointestinal bleeding; excessive amount of respiratory secretions or weak
cough; uncooperative state with inability to understand or unwillingness to follow
the protocol’s instructions; upper-airway disorders; and previous decision to restrict
therapeutic effort in the intensive-care unit. The ethics committee of each
institution approved the study and we obtained written informed consent from all

participants.
Procedures

We undertook a patient’'s spontaneous breathing trial if the following criteria were
met: improvement or resolution of the underlying cause of acute respiratory failure;
correction of arterial hypoxaemia (partial pressure of arterial oxygen [PaO2] >60
mm Hg at a fraction of inspired O2 [FiO2] <0-4 and positive end-expiratory pressure
<5 cm H20); absence of fever (=38°C) or hypothermia (<35°C); blood haemoglobin
concentration of 70 g/L or more; haemo- dynamic stability; and alertness and
ability to communicate10,12. We obtained data for arterial blood gases before and

at the end of the T-piece trial.

We defined failure of the spontaneous breathing trial as presence and persistence

of one of the following criteria: respiratory frequency greater than 35 breaths per
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min; arterial O2 saturation by pulse-oximetry less than 90% at FiO2 of 0-4 or more;
heart rate more than 140 beats per min or less than 50 beats per min; systolic
blood pressure greater than 200 mm Hg or less than 70 mm Hg; diminished
consciousness, agitation, or diaphoresis; and clinical signs suggestive of
respiratory muscle fatigue, increased work of breathing, or both, such as use of
respiratory accessory muscles, paradoxical motion of the abdomen, or retraction of

the intercostal spaces.'®*?

If no signs of failure appeared after 30—120 min, and
arterial blood gases at the end of the spontaneous breathing trial showed PaCO2

greater than 45 mm Hg, we proceeded with random allocation.

We randomly allocated patients either non-invasive ventilation or conventional
management (control); both procedures are described below. Three randomisation
schedules were generated by computer for every intensive-care unit in random
blocks of nine. Concealment was done with sequentially numbered opaque sealed
envelopes, opened by the investigator only after informed consent was obtained.
Patients and staff were aware of treatment allocations owing to the nature of the
interventions. Respiratory therapists implemented non-invasive ventilation (BiPAP
Vision, Respironics, Murrysville, PA, USA), which included choice and fitting of
masks, adjustment of ventilator settings, and initial adaptation of patients. Non-
invasive ventilation was delivered continuously immediately after extubation using
the bi-level positive-airway pressure mode. Airway pressure was fixed at 5-6 cm
H20 and FiO2 was set to achieve arterial O2 saturation by pulse-oximetry of more
than 92%. A face mask was used as first choice, and hydrocolloid dressing was
applied systematically to prevent nasal-bridge damage. The procedure was
delivered for as much time as possible for a scheduled maximum period of 24 h
after extubation. After this time, non-invasive ventilation was withdrawn and
patients received conventional venturi oxygen treatment for as long as they

needed.

Patients allocated to the control group received conventional venturi oxygen
treatment after extubation. Respiratory therapists delivered this intervention using
conventional masks, without any dressing. We set FiO2 to achieve arterial O2
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saturation of more than 92%. Conventional venturi oxygen was administered for as

long as patients needed.

We continuously monitored patients’ electrocardiogram, pulse-oximetry, blood
pressure, and respiratory rate. We measured arterial blood gases every 1-2 h after
extubation or according to patients’ needs. We did not allow meals during the first
24 h after extubation to avoid aspiration. Cough and expectoration were assisted by
respiratory therapists. We reviewed all relevant data from patients’ medical records
and bedside flowcharts at entry and at the end of the study (72 h after extubation).

We extended follow-up to 90 days after randomisation.

We defined respiratory failure as presence and persistence for at least 30 min,
within 72 h after extubation, of at least two of the following: respiratory acidosis
(arterial pH <7-35 together with PaCO2 >45 mm Hgq); arterial O2 saturation by
pulse-oximetry of less than 90% or PaO2 lower than 60 mm Hg at FiO2 of 0-5 or
more; respiratory frequency greater than 35 breaths per min; diminished
consciousness, agitation or diaphoresis; and clinical signs suggestive of respiratory
muscle fatigue increased work of breathing, or both, such as use of respiratory
accessory muscles, paradoxical motion of the abdomen, or retraction of
intercostal spaces.''® We assigned causes to respiratory failure after extubation,
with adapted published definitions: 13 upper-airway obstruction; aspiration or
excess respiratory secretions; congestive heart failure; respiratory failure; and

encephalopathy.

We undertook immediate reintubation if any of the following predefined major
clinical events arose: respiratory or cardiac arrest; respiratory pauses with loss of
consciousness or gasping for air; psychomotor agitation inadequately controlled by
sedation; massive aspiration; persistent inability to remove respiratory secretions;
heart rate below 50 beats per min with loss of alertness; and severe
haemodynamic instability without response to fluids and vasoactive drugs.'®*? If a
patient from either treatment group met criteria for respiratory failure after
extubation, but did not fulfil criteria for immediate reintubation, we administered
rescue therapy with non-invasive ventilation. For patients allocated non-invasive

ventilation, rescue therapy consisted of reinstitution or continuation of the

27



procedure after 24 h of extubation. In addition to criteria for immediate reintubation,
when patients who received rescue therapy with non-invasive ventilation showed
deterioration of blood gases (arterial pH, PaC0O2, PaO2) or tachypnoea despite use
of this method in optimum conditions, the procedure was not prolonged for more
tan 4 h* and then patients were reintubated. We defined clinical diagnoses of

15,16

hospital-acquired pneumonia purulent tracheobronchitis’’ and multiple organ

failure'® according to published criteria. We recorded other relevant complications.
Study endpoints

The primary endpoint was rate of respiratory failure after extubation. The
secondary endpoint was survival at 90 days (for the purposes of this report, we
have used 90-day mortality).

Statistical analysis

Based on previous data in patients with hypercapnialO we expected a 41% rate of
respiratory failure after extubation in patients assigned control and a prevalence of
15% in those assigned non-invasive ventilation. Initial calculations indicated a
minimum sample size of 106 people (confidence level (1—-a) 95%, power level (1-3)
80%).

We compared qualitative or categorical variables with x? or Fisher's exact tests,
when appropriate. We used the unpaired Student’s t test to compare quantitative
continuous variables. We ascertained cumulative 90-day mortality probability with
Kaplan-Meier curves and used the log-rank test to compare groups. We did
analyses by intention to treat, and we set the level of significance at 0-05. We
undertook univariate analyses of predictors of respiratory failure after extubation
with the x? test and Student’s t test. We did multivariate analyses by logistic

regression with a conditional stepwise forward model (pi,<0-10).
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2.5 Results

Between May, 2005, and December, 2007, 164 consecutive patients were
registered for the study, of whom 106 underwent random allocation (figure 1).
54 were allocated non-invasive ventilation and 52 were assigned control. General
clinical characteristics and physiological variables of patients at entry into the study
did not differ at baseline (tables 1 and 2).

Non-invasive ventilation was delivered for a mean period of 8 h (SD 7) in patients
assigned to this group. Mean levels of inspiratory and expiratory positive-airway
pressure in these patients were 17 cm H20 (SD 3) and 6 cm H20 (1), respectively.
Five (10%) people assigned non-invasive ventilation tolerated the procedure for 6 h

or less.

Table 3 summarises outcome variables in the trial. Respiratory failure after
extubation arose in fewer patients allocated non-invasive ventilation than those
assigned control. The main difference between groups in respiratory failure was
noted within 24 h after extubation (figure 2), whereas in the following 2 days,

incidence was similar between groups.

In patients who developed respiratory failure after extubation but who did not
need immediate reintubation, non-invasive ventilation as rescue therapy resulted in
avoidance of reintubation in two of seven patients assigned non-invasive
ventilation and 15 of 20 controls. One patient from the control group refused
reintubation. Hence, the reintubation rate did not differ by much in the non-invasive

ventilation group.

Of variables associated with respiratory failure after extubation in univariate
analyses, use of non-invasive ventilation was associated independently with
decreased risk for this complication (table 4). The variables tested for association
with respiratory failure after extubation were those available before extubation: age,

sex, comorbidities, causes of mechanical ventilation, severity scores, modes of
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ventilation and previous duration of ventilation, forced spirometry values, and

physiological variables before and at the end of the spontaneous breathing trial.

Lengths of stay in the intensive-care unit and in hospital were similar in patients
from each group. Specific complications associated with non-invasive ventilation
included nasal-bridge damage in five patients (10%), conjunctivitis in two (4%), and
gastric distension in two (4%).

Mortality in the intensive-care unit and the hospital did not differ significantly
between groups. However, 90-day mortality (p=0-0146; figure 3) was significantly
lower in patients assigned non-invasive ventilation than in those allocated control.

Table 3 shows causes of death within 90 days of randomisation.
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2.6 Discussion

The results of our study confirm the benefits of early use of non-invasive ventilation
after extubation to diminish risk of respiratory failure in patients with chronic
respiratory disorders and hypercapnia during a spontaneous breathing trial. This
strategy resulted in lowered mortality in our population. This specific population is
at high risk of development of respiratory failure after extubation, confirmed by a
frequency of 48% in the control group, similar to a 41% rate recorded in a previous
trial’®. By contrast, prevalence of respiratory failure after planned extubation was
substantially lower—25% and 23%—in previous trials undertaken in mixed
populations of patients with a low proportion of chronic respiratory disorders and
hipercapnia.'® Therefore, development of hipercapnia after an otherwise
satisfactory breathing trial could be an indication that the patient is not ready for
extubation and is a marker for continued support by ventilation. About two-thirds of
all patients who developed respiratory failure after extubation but who did not need
immediate reintubation benefited from rescue therapy with non-invasive ventilation;
this success rate was 75% in patients assigned control, who had not received non-
invasive ventilation previously. The real effectiveness and relevance of rescue
therapy with non-invasive ventilation is, however, uncertain because it was not
applied randomly. Further demonstration of superiority over standard medical
treatment would need a randomised clinical trial. Of 17 patients who did not need
reintubation after rescue therapy, only one died in hospital. The good outcome of
successful rescue therapy with non-invasive ventilation accords with previous

results™®

By contrast with our findings, in mixed populations of patients with respiratory
failure after extubation, use of non-invasive ventilation to avoid reintubation was
successful in fewer patients (52%' and 28%°%), with no advantages noted over
standard medical treatment.

Non-invasive ventilation even resulted in higher mortality in those who needed
reintubation and who received non-invasive ventilation, compared with patients who
received standard medical treatment® and these researchers therefore discouraged

use of non-invasive ventilation for this indication. Raised mortality was attributed to
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an extended time from extubation to reintubation, which is an independent risk
factor for increased mortality in reintubated patients™® in individuals who received
non-invasive ventilation®. However, in our study, the hospital mortality rate of
patients who were reintubated directly was similar to that of people who were
reintubated after failure of rescue therapy with non-invasive ventilation (67% and
70%, respectively). In addition, rescue therapy with non-invasive ventilation did not
result in delayed reintubation compared with patients directly reintubated, since the
median time from extubation to reintubation was 26 h (IQR 9-36) in patients who
received rescue therapy compared with 35 h (2—44) in those who were reintubated
directly. This finding indicates that rescue therapy with non-invasive ventilation is
safe and can provide a useful alternative to reintubation in patients with hipercépnia

and chronic respiratory disorders who do not meet major criteria for reintubation.

Hypercapnia during a spontaneous breathing trial is associated with poor survival in
mechanically ventilated patients*® particularly when no ventilation support is
provided after extubation.®Our data confirm these findings. Therefore, this
population is the target for early institution of non-invasive ventilation for prevention
of further respiratory distress. Similarly, individuals with severe hypercapnic
respiratory failure secondary to exacerbations of chronic obstructive pulmonary

disease are among the best responders to non-invasive ventilation,**92°

even
when they present other concomitant acute diseases such as community-acquired
pneumonia® or cardiogenic pulmonary oedema?. In our study, the 90-day mortality
rate was reduced with non-invasive ventilation. The few patients from the non-
invasive ventilation group who needed reintubation—a major determinant of poor
survival®>-could account partly for this finding. However, more individuals assigned
control did not need reintubation after rescue therapy with non-invasive ventilation
than those allocated non-invasive ventilation (15 vs 2). Therefore, the reintubation
rate of each group was similar compared with the large difference in rate of
respiratory failure after extubation between groups, suggesting a protective effect of
non-invasive ventilation beyond reduction of reintubation. In the same way,
differences in mortality between both groups arose later after discharge from the
intensive-care unit. Similar long-term benefits of noninvasive ventilation have been

described®®. The potential mechanism of this protective effect of non-invasive
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ventilation deserves further investigation. Other reasons that could account for the
effectiveness of non-invasive ventilation is our use of a ventilator specifically
designed for this procedure, which includes control of FiO2, effective compensation
for leaks, real-time assessment of mask pressure, and a sensitive and rapid
response flow-by trigger?* as done in previous trials.’***% This ventilator is widely
used with similar settings to those in the present study®?®. The feasibility to
undertake this protocol in clinical practice helps generalise our results. By contrast,
researchers on previous negative studies either used a ventilator with reduced
performance® or did not choose a specific ventilator for the trial*. Finally, non-
invasive ventilation was applied continuously after extubation, as done
previously.'®*22" This methodological point is key in our study, since intermittent
use of non-invasive ventilation for prolonged periods resulted in limited clinical eff
ectiveness.”® Several limitations of our study should be taken into account. First is
the difficulty for correct masking of investigators, attending doctors, and patients, a
common bias in this type of open clinical trial. Despite the fact that we predefined
criteria for all relevant interventions, clinical decisions, and outcome variables, this
bias could not be controlled entirely. Masking the control group with low levels of
continuous positive airway pressure would probably result in substantial bias since
this technique is expected to decrease the work of breathing in these patients.?
Second, rescue therapy with non-invasive ventilation might have affected survival
between groups, since many patients assigned control did not need reintubation.
Third, our trial was undertaken at two centres with lengthy experience of use of
non-invasive ventilation. This factor could have affected success of this
technique.®® However, good tolerance of non-invasive ventilation by conscious
patients with hypercapnia®? facilitates use of this technique in centres with reduced
experience. In conclusion, early use of non-invasive ventilation after extubation
diminished risk of respiratory failure after extubation and reduced 90-day mortality
in patients with hypercapnia after a spontaneous breathing trial. This trial confirms
the effectiveness of non-invasive ventilation in this clinical setting and provides
cientific evidence for routine implementation of this strategy for management of

mechanically ventilated patients with chronic respiratory disorders.
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2.7 Tables

2.7.1 Table 1. Baseline characteristics of patients at entry into the study

Non-invasive Control
ventilation (n=54) (n=52)
Age (years) 67 (10) 70(9)
Men 44 (81%) 36 (69%)
APACHE-l score on admission 20@7) 20 (7)
APACHE-Il score at entry into the study 11(3) 113)
Previous duration of mechanical ventilation (days) 5(3) 4(2)
Forced expiratory volume in 1s (% predicted) 34(13) 38 (11)
Type of chronic respiratory disease
COPD or chronic bronchitis* 38 (70%) 36 (69%)
Sequelae of pulmonary tuberculosis 7 (13%) 6 (12%)
Bronchiectasis 2 (4%) 4 (8%)
Obesity-hypoventilation syndrome 5(9%) 4 (8%)
Chest-wall deformity 1(2%) 1(2%)
Chronic persistent asthma 1(2%) 1(2%)
Other comorbidities
Chronic heart disorderst 19 (35%) 27 (52%)
Immunosuppressiont 2 (4%) 2 (4%)
Diabetes mellitus 11 (20%) 13 (25%)
Liver cirrhosis 3(6%) 1(2%)
Neoplasm 2 (4%) 4(8%)
Chronic renal failure 1(2%) 1(2%)
Previous use of non-invasive ventilation in hospital 7 (13%) 7 (13%)
Causes of mechanical ventilation
Exacerbation of chronic respiratory disorder 28 (52%) 25 (48%)
Pneumonia 7 (13%) 7 (13%)
Congestive heart failure 5(9%) 8 (15%)
Neurological disease 1(2%) 2 (4%)
Sepsis 6 (11%) 5 (10%)
Postoperative respiratory failure 3(6%) 2 (4%)
Other 4(7%) 3(6%)

Data are mean (SD) or number of patients (%). APACHE-II=acute physiology and chronic health
evaluation-ll. COPD=chronic obstructive pulmonary disease. Pulmonary function tests were available in
66 (62%) patients. *Chronic bronchitis defined by history of dyspnoea, cough, expectoration, and smoke
consumption without pulmonary function testing. tIncludes coronary-artery disease, hypertensive or
valvular heart diseases, and dilated myocardial disease of any cause. fIncludes neutropenia after
chemotherapy or bone-marrow transplant, drug-induced immunosuppression in solid-organ transplant or
as a result of corticosteroids or cytotoxic therapy, and HIV-related disorders.
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2.7.2 Table 2. Physiological variables of patients at entry into the study

Mechanical ventilation Spontaneous breathing trial®
Maon-invasive Control (n=52)  Mon-invasive Control {n=52)
ventilation (n=54) ventilation (n=54)
Respiratory frequency 18 (4) 171(3) 23(5) 23(5)
{breaths per min)
frv; - - 6 (26) B5 (23]
Heart rate (beats permin) 82 (15) 77 (18) 8913) 87(16)
Systolic blood pressure 132 (17) 128(21) 146 (18) 141(26)
{rmrm Hg}
Arterial pH 7-41(0-05) 7-41(0-05) 7-38(0-04) 7:38(0.03)
PaCO, {mm Hg) 48 (6) 48(7) 55(6) 53(5)
Pal, (mm Ha) a8 (20) 92(17) 76 (14) 81(17)
Pal,/FiC, 227 (51) 246(49) 198 (39) 206 (40)

Data are mean (SD). f/VT=respiratory frequency to tidal volume ratio. *Variables obtained at end of
breathing trial.



2.7.3 Table 3. Outcome variables, length of stay, and causes of death

Non-invasive  Control (n=52) Odds ratio P
ventilation (95% CI)
(n=54)
Outcome variables
Respiratory failure after extubation 8 (15%) 25 (48%) 5-32 (2-11-13-46) <0-0001
Main causes of respiratory failure after - 03451
extubation
Respiratory failure 3 18
Aspiration or excess respiratory 3 3
secretions
Cardiac failure 1 2
Upper-airway obstruction 0 1
Encephalopathy 1 1
Time from extubation to respiratory 29 (13) 17 (18) - 0-0982
failure (h)
Criteria met for reintubation 6 (11%) 10 (19%) 1-90 (0-64-5-68) 03741
Complications
Tracheostomy needed 3(6%) 2 (4%) 0-68 (0-11-4-24) 0-9675
Infections diagnosed after study onset
Ventilator-associated pneumonia 3(6%) 9 (17%) 3-48 (0-89-13.70) 01230
Ventilator-associated 1(2%) 1(2%)
tracheobronchitis
Catheter-related infection* 1(2%) 2 (4%)
Urinary-tract infectiont 2 (4%) 0
Bacteraemia of unknown origin 1(2%) 0
Length of stay
Intensive-care unit stay (days) 11(13) 10(9) - 05041
Hospital stay (days) 29(27) 24(17) - 0-2988
Mortality
Intensive-care unit mortality 3 (6%) 4(8%) 1-42 (0-30-6-67) 07132
Hospital mortality 6 (11%) 11 (22%) 215 (073-6-33) 02587
Mortality at 90 days 6 (11%) 16 (31%) 3-56 (1.27-10.0) 00244
Causes of death within 90 days after - 02037
entry into the study
Respiratory failure: 0 4
Shock or multiple organ failure 3 3
Cardiac arrest 2 3
Other 1 3

Data are mean (SD) or number of patients (%).*Catheter-related sepsis defined as positive blood and
catheter cultures concomitant with infl ammatory signs in a catheterised vein or at its insertion point.
tUrinary-tract infection defined as presence of amplified leucocytes in urinary sediment examination
together with a positive semiquantitative urine culture. fDeath after progressive hypoxaemia,
hypercapnia, or both, without other major organ system failures.
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2.7.4 Table 4. Univariate and multivariate analysis of predictors of respiratory failure after
extubation

Univariate analysis Multivariate analysis

Odds ratio (95% () p Adjusted odds ratio (95% Cl) p
Non-invasive ventilation 019 (0-07-0-48) <0:0001 017 (0-06-0-44) <0-0001
Older age* 1-05 (1-00-1-10) 0-0430

*Age was treated as a continuous variable. Odds ratio shows estimates for every 1 year increase in age.



2.8 Figures

2.8.1 Figure 1. Trial profile

164 registered or eligible patients

58 not randomised
34 met exclusion criteria”
24 refused to participate

A

I 106 underwent randomisation ‘

v .

| 54 assigned non-invasive ventilation

| 52 assigned control |
8 respiratory failure 46 extubation success 25 respiratory failure 27 extubation success
after extubation after extubation
1 direct reintubation 7 non-invasive ventilation S direct reintubation 20 non-invasive ventilation
as rescue therapy as rescue therapy
| 5 reintubation | | 2 no reintubation ‘ | 5 reintubation ‘ ‘ 15 no reintubation |
‘ 6 reintubation | ’ 48 no reintubation ‘ { 10 reintubation ‘ | 42 no reintubation |

*Previous decision to limit therapeutic eff ort in intensive-care unit (n=16); excessive amount of
respiratory secretions (5); legal incapacity to give informed consent (3); upper-airway obstruction (2);
incapacity for adequate follow-up due to transfer to another hospital (2); recent gastric (2) and oral
(2) surgery; and active gastrointestinal bleeding (2).
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28.2Figure

2. Time elapsed from extubation to development of respiratory failure

| |
Control e o ° .: Py ! .:
— | |
Non-invasive E :
i oo i® o0 e o &
ventilation ! !

T | T f 1

0 24 48 72

Time from extubation (h)

39



2.8.3 Figure 3. Kaplan-Meier 90-day mortality curve

40— —— Control
—— Non-invasive ventilation

Proportion dying (%)
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0 10 20 30 40 50 60 70 8o 90
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Number at risk
Control 52 47 45 41 40 40 38 38 37 36
Non-invasive 54 51 50 49 48 48 48 48 48 48
ventilation
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3.2 Abstract

Purpose: The use of non-invasive ventilation (NIV) in severe acute respiratory failure (ARF) due
to community-acquired pneumonia (CAP) is controversial, and the risk factors for NIV failure in
these patients are not well known. We assessed the characteristics and predictors of outcome
of patients with CAP and severe ARF treated with NIV.

Methods: We prospectively assessed 184 consecutive patients; 102 had “de novo” ARF, and
82 previous cardiac or respiratory disease. We defined successful NIV as avoidance of
intubation and intensive care unit (ICU) survival at least 24 h in the ward. We assessed

predictors of NIV failure and hospital mortality in multivariate analyses.

Results: Patients with “de novo” ARF failed NIV more frequently than patients with previous
cardiac or respiratory disease (47, 46% versus 21, 26%, p = 0.007). Worsening radiologic
infiltrate 24 h after admission, maximum Sepsis-Related Organ Failure Assessment (SOFA)
score and, after 1 h of NIV, higher heart rate and lower PaO2/FiO2 and bicarbonate
independently predicted NIV failure. Likewise, maximum SOFA, NIV failure and older age
independently predicted hospital mortality. Among intubated patients with “de novo” ARF, NIV
duration was shorter in hospital survivors than non-survivors (32 + 24 versus 78 + 65 h, p =
0.014). In this group, longer duration of NIV before intubation was associated with decreased
hospital survival (adjusted odds ratio 0.978, 95% confidence interval 0.962—0.995, p = 0.012).

This association was not observed in patients with previous cardiac or respiratory disease.

Conclusions: Successful NIV was strongly associated with better survival. If predictors for NIV
failure are present, avoiding delayed intubation of patients with “de novo” ARF would

potentially minimise mortality.

Keywords: Non-invasive ventilation - BiPAP - Acute respiratory failure - Severe community-

acquired pneumonia
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3.3 Introduction

Community-acquired pneumonia (CAP) is a significant cause of morbidity and mortality [1, 2].
Severe CAP is conceptually pneumonia requiring admission to the intensive care unit (ICU) or

carrying a high risk of death [2, 3].

The cornerstone of the treatment of pneumonia is antibiotic therapy, and ventilatory support in
patients with severe respiratory failure [4]. Invasive mechanical ventilation presents multiple
complications [5, 6]. For this reason non-invasive ventilation (NIV) has been used for acute or
acute-on-chronic respiratory failure of diverse aetiologies [7—9]. The most important rationale
for using NIV is to overcome an episode of severe acute respiratory failure (ARF) without the
need for endotracheal intubation. However, few studies have assessed specifically the
usefulness of NIV in patients with pneumonia [10], and it is even considered controversial due
to a major variability in failure rates [10—13], which are generally higher than those observed in
chronic obstructive pulmonary disease (COPD) [14] or cardiogenic pulmonary oedema [15].
Moreover, predictive factors for NIV failure have been studied in different aetiologies [13, 14,
16, 17]. A recent study found that lack of improvement in arterial oxygenation was the main
predictor of NIV failure in patients with CAP [18]. However, this study assessed a limited
number of patients. Therefore, studies assessing factors predicting outcome for NIV in larger

populations of CAP with severe ARF are still needed.

In spite of the controversy surrounding the use of NIV out of COPD exacerbations or
cardiogenic pulmonary oedema, several observational reports illustrate that hypoxaemic ARF is
among the most frequent indications for NIV in real practice [19, 20]. The ICU of our institution
has been using NIV for the management of patients with severe ARF secondary to pneumonia

who do not need emergency intubation for more than 15 years.

Since the available evidence on the efficacy of NIV in pneumonia is not compelling, appropriate
patient selection should be a key point to improve the success of this technique. To determine
the clinical results and evolution of patients with CAP and severe ARF treated with NIV at our
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institution, we assessed the characteristics and outcomes of these patients and determined

factors that predict failure of the technique and mortality.
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3.4 Methods
Patients

We prospectively followed all consecutive patients with severe ARF due to CAP receiving NIV
treatment in an 18 bed ICU of Hospital Morales Meseguer, a general university hospital in
Murcia, Spain, from January 1997 to December 2008. The study was approved by the Ethics
Committee of the institution.

Pneumonia was defined as a new pulmonary infiltrate on the admission chest radiograph and
symptoms and signs of lower respiratory tract infection. Exclusion criteria were any degree of
immunosuppression and other criteria previously published [21]. All patients received timely

empiric antimicrobial therapy according to the local protocols.

All patients received stress ulcer and deep venous thrombosis prophylaxis. Patients  with
COPD, other chronic respiratory diseases, or in the presence of wheezing received nebulised
bronchodilators and systemic steroids. Patients with hypotension received initially intravenous
fluid therapy with crystalloids; if haemodynamic instability persisted, norepinephrin was initiated.
Patients who responded to vasoactive drugs remained on NIV unless they required intubation

for other reasons.
Non-invasive ventilation protocol

The indication for NIV was done by the attending physicians. Patients were continuously
monitored with electrocardiogram, pulse oximetry, invasive and/or non-invasive blood pressure,
and respiratory rate. The criteria used for implementing NIV were: (1) moderate to severe
dyspnoea accompanied by respiratory rate = 30 breaths/ min or signs of increased work of
breathing such as active contraction of the accessory respiratory muscles, and (2) arterial
oxygen tension to inspired oxygen fraction (PaO2/ FiO2) ratio >250. Patients in need for
emergency intubation at admission (respiratory or cardiac arrest, respiratory pauses with loss of
alertness or gasping for air, major agitation inadequately controlled by sedation, signs of
exhaustion, massive aspiration, inability to manage respiratory secretions appropriately, and
haemodynamic instability without response to fluids and vasoactive agents) [13] were not
treated with NIV.
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Non-invasive ventilation was applied with specific NIV ventilators (BiPAP ST-D and VISION
Ventilator; Respironics, Inc., Murrysville, PA, USA). As previously described [13, 21], patients
were ventilated using the bi-level positive airway pressure mode (BiPAP). Face mask was used
as first choice, but nasal mask was optionally used if patients did not tolerate face mask. The
initial inspiratory positive airway pressure (IPAP) was set at 12 cmH20, and levels were
raised by 2-3 cmH20 as tolerated but did not exceed 25 cmH2O. The initial expiratory
positive airway pressure (EPAP) was set at 5 cmH20, and the levels were raised by 1-2
cmH20 if needed to improve hypoxaemia. The FiO2 was set to achieve SpO2 > 92% or PaO2
> 65 mmHg. Arterial blood gas samples were obtained from each patient before the connection
to the ventilator and after 1 h of NIV. Subsequently, samples were obtained as clinically

indicated.
Effectiveness of the technique

Non-invasive ventilation was considered successful if a patient avoided endotracheal
intubation, was discharged from the ICU and remained alive and conscious for at least 24 h
after being transferred to the ward. Failure of NIV therapy occurred when a patient experienced
worsening of gas exchange or respiratory distress leading to intubation or death. If NIV failed,
patients who had not declined intubation underwent such procedure according to the criteria
stated above [13, 21].

Data collection

At the start of NIV therapy demographic, clinical and laboratory variables were collected. The
variables specifically related to pneumonia were the presence of unilateral or bilateral
involvement, involvement of one or more pulmonary lobes, and pleural effusion on chest
radiography, and the presence of aetiologic pathogens in diagnostic samples. Worsening
pulmonary infiltrate was considered when a chest radiography done in the first 24 h of
ventilation therapy showed an increase in pulmonary involvement for at least one lobe
compared with the previous radiography. Patients’ degree of severity and organ failure were
estimated with the Simplified Acute Physiology Score (SAPS)-1I [22], the Acute Physiology and
Chronic Health Evaluation (APACHE)-II [23] and Confusion, Elevated Blood Urea Nitrogen,
Respiratory Rate and Blood Pressure plus Age C65 years (CURB65) score [24] calculated at
admission, and the Sepsis-Related Organ Failure Assessment (SOFA) [25] score calculated
daily. Septic shock [26] at admission was also noted. Acute respiratory failure was considered

“de novo” in patients without previous cardiac or respiratory disease [19].
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Statistical analysis

Qualitative or categorical variables, expressed as number and percentages, were compared
with the Ji2 or Fisher’'s exact tests. Continuous variables were expressed as mean + standard
deviation (SD), and compared between groups using the Student t test for independent data,
and with Pearson’s correlation between two continuous variables. All the analyses were two-

tailed, and p values < 0.05 were considered significant.

The variables identified as predictors of NIV failure and hospital mortality on univariate analysis
were included in a multivariate logistic regression with a conditional stepwise forward model
(pin < 0.10, pout < 0.05) to correct for co-linearity. Adjusted odds ratios and 95% confidence
intervals were computed for variables independently associated with NIV failure or hospital
mortality. The predictive capacity for NIV failure or hospital mortality of quantitative variables
were assessed with receiver-operating characteristic (ROC) curves; the area under the curve
(AUC), optimal cut-off values, sensitivity, specificity and positive and negative likelihood ratio
[27] were calculated. Data were processed with SPSS 16.0.
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3.5 Results
Patients

During the study period 250 patients were admitted to the ICU with primary diagnosis of CAP;
50 (20%) received oxygen therapy, 16 (6%) were intubated at ICU admission, and 184 (74%)
received NIV. Patients received NIV for 44 + 33 h (mean = SD) along 2.8 + 1.9 days. During
NIV treatment the maximal inspiratory and expiratory positive airway pressure were 19 + 3 and

9 £ 1 cmH20, respectively.

Non-invasive ventilation was successful in 116 patients (63%). Among patients with NIV
failure, 59 were intubated (32%), and the remaining 9 patients died without intubation after a
do-not-intubate order. The main reason for intubation was worsening of respiratory insufficiency

in 39 patients, uncontrolled shock in 17, and intolerance to NIV in 3 cases.
Patients with “de novo” ARF and previous cardiac or respiratory disease (Table 1)

Acute respiratory failure was considered “de novo” in 102 (55%) patients, whereas the
remaining had history of cardiac or respiratory disease. Patients with previous cardiac or
respiratory disease failed NIV less frequently than patients with “de novo” ARF. They were
older and more frequently males. At admission they had higher PaCO2 and bicarbonate, lower

arterial pH and respiratory rate, and more frequently decreased consciousness.

Complications related with non-invasive ventilation

Sixty nine (38%) patients had at least one complication related with NIV. The most common
complications were skin lesions, from erythema to skin ulceration (57, 31%), eye irritation (24,
13%), claustrophobia (15, 8%), and gastric distension (6, 3%). The duration of NIV was
longer in those who presented skin lesions (69 + 38 versus 32 * 23 h, respectively, p <
0.001), without differences between the two groups. Serious complications were three cases of
total intolerance, one of nosocomial pneumonia during NIV, one pneumothorax, one patient

with vomiting and bronchial aspiration and two cases with mucus plugs detected on intubation.
Prediction of non-invasive ventilation failure (Table 2)

In both groups, patients with successful NIV treatment were less severe, assessed by less
need for vasoactive drugs at onset of NIV, severity scores and acidosis, had less extensive
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radiologic findings, less acute respiratory distress syndrome (ARDS) criteria, and lower
respiratory and heart rate and better oxygenation after 1 h of NIV. In patients with “de novo”
ARF, successful NIV was also associated with lower respiratory rate and better oxygenation at
onset of NIV. In patients with previous cardiac or respiratory disease, successful NIV was
also associated with lower heart rate at onset of NIV and higher arterial pH and better level
of consciousness after 1 h of NIV. Age, sex and PaCO2 were not related with NIV outcome in
both groups. The ICU stay was shorter, and mortality lower in patients with successful
treatment with NIV. Since the variables significantly associated with NIV outcome were
essentially the same for patients with “de novo” ARF and previous cardiac or respiratory
disease (Table 2), the multivariate analysis of predictors of NIV outcome was performed in the
overall population. The variables independently associated with NIV failure were worsening of
radiological infiltrate 24 h after admission, maximum SOFA score during NIV, and higher heart
rate, lower PaO2/FiO2 ratio and lower bicarbonate after 1 h of NIV (Table 3). Except for heart
rate, these variables were highly accurate in predicting NIV failure, as shown in this table.

Analyses of survival (Table 4)

Hospital survivors from both groups were younger, less severe, assessed by severity scores
and acidosis, had failed NIV less frequently, and had lower respiratory rate after 1 h of NIV. In
patients with “de novo” ARF, survival was also associated with less worsening of pulmonary
infiltrate 24 h after the onset of NIV and better oxygenation. In patients with previous cardiac or
respiratory disease, survival was also associated with bilateral radiologic involvement and
ARDS criteria, and need for vasoactive drugs at onset of NIV. As for NIV outcome, sex and
PaCO2 were not related with survival in both groups.

In the overall population, the multivariate analysis identified maximum SOFA score during the
ICU stay, NIV failure and older age as independent predictors of hospital mortality (Table 5).
Maximum SOFA score and NIV failure were the most accurate variables in predicting NIV

failure, as shown in this table.
Delayed intubation and hospital mortality

Among intubated patients with “de novo” ARF, the duration of NIV in hospital survivors was
shorter than that of non-survivors (32 £ 24 versus 78 = 65 h, p = 0.014, Fig. 1 left panel), with
an AUC of 0.70 for predicting hospital mortality. The duration of NIV before intubation that best
predicted mortality was = 53 h, with sensitivity of 69% and specificity of 83%. The SAPS-II,
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CURBG65 and SOFA scores at admission did not correlate with the duration of NIV in these
patients, indicating that patients with longer time on NIV before intubation were not more
severely ill at admission. Moreover, the need for vasoactive drugs at onset of NIV was
associated with shorter duration of NIV before intubation (31 + 40 versus 65 = 52 h,
respectively, p = 0.030), indicating that patients treated with vasoactive drugs who need
intubation fail earlier than those without these drugs. After adjusting for these variables,
increased duration of NIV before intubation in hours was significantly associated with
decreased hospital survival (adjusted oddsratio 0.978, 95% confidence interval 0.962—
0.995, p = 0.012). By contrast, no relationship was found between duration of NIV before
intubation and mortality in patients with previous cardiac or respiratory disease (Fig. 1,
right panel).
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3.6 Discussion

Patients with CAP and previous cardiac or respiratory disease responded better to NIV than
those with “de novo” ARF, as expected from previous studies [10, 19]. SuccessfulNIV
treatment strongly predicted survival. We have also found a consistent association between

delayed intubation and decreased survival in patients with “de novo” ARF.

The only randomised clinical trial that assessed the efficacy of NIV in patients with CAP and
severe ARF showed that the benefits of NIV in terms of less need for intubation and better
survival were restricted to patients with COPD and hypercapnic respiratory failure only [10].
More recently, NIV was effective in decreasing the rates of intubation and mortality in severely
hypoxaemic patients with pneumonia, compared with high concentration oxygen therapy, with
faster improvement of hypoxaemia and tachypnoea [13]. Although those results were
promising, routine use of NIV in patients with CAP and without COPD is not clearly

recommended by recent guidelines [1, 28].

Patients with CAP are among those with the highest rate of NIV failure, either in COPD patients
[29] or those with hypoxaemic ARF [11, 12, 17]. The rate of NIV failure in patients with
pneumonia is widely variable, being lower in controlled clinical trials (21-26%) [10, 13, 30] than
observational studies (33-66%) [11, 12, 17, 18, 31], possibly due to selection criteria of
patients. We found similar rates of NIV failure in our population.

The risk factors for NIV failure have been studied in mixed patients with hypoxaemic ARF [17,
32, 33]. In specific populations with severe CAP treated with helmet NIV, a 56% failure rate was
reported [18]. Higher severity of patients, worse oxygenation, lower pH, and less improvement
of blood gases after ventilatory support were related with NIV failure on univariate analysis.
This study, however, was restricted to patients with “de novo” ARF, and did not consider

variables other than general severity scores and ventilatory and respiratory parameters.

Studies on NIV often include pneumonia as a cause of “de novo” or hypoxaemic ARF only.
However, the great proportion of previous cardiac or respiratory disease in our patients is not
surprising, since large published series of hospitalised patients with CAP report high rates of
chronic respiratory or cardiac co-morbidities [34, 35]. Hence, the outcome of NIV in patients
with CAP from studies that have excluded COPD or hypercapnic patients [11, 12, 17, 18]
should not be extrapolated to general CAP populations treated with NIV. Similarly to previous
reports [17-19, 21, 33], severity scores at admission and worse respiratory and cardio-vascular
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function were associated with NIV failure. Variables related with initial severity and worse
clinical evolution in pneumonia, such as the need for vasoactive drugs, organ system
dysfunction [28, 36], and extension and worsening of radiological infiltrates, were also

associated with failure. These variables had not been assessed in previous reports.

Higher organ system failure during NIV treatment, including metabolic acidosis, and variables
related with worse initial response to the empiric treatment and NIV support were independently
associated with NIV failure on multivariate analysis. These results indicate that the optimal
management of these patients seems not restricted to appropriate support with NIV but should

also include general support measures and effective empiric treatment.

Concerns have been raised due to the high mortality rate of patients who fail NIV treatment,
particularly in “de novo” ARF, and the possibility that unnecessary delay of intubation results in
excess mortality [19, 32]. Particularly, an actual mortality of patients intubated after NIV failure
higher than mortality predicted by severity scores has been reported [32]. However, these
comparisons may be misleading, since severity scores often underestimate hospital mortality in
ICU patients [37, 38]. To our knowledge, this is the first time a consistent association between
delayed intubation and increased mortality in patients with CAP and “de novo” ARF has been
shown. Longer duration of NIV before intubation was not related with severity of patients at
admission. Moreover, patients with vasoactive drugs who needed intubation failed NIV earlier
than those without. Therefore, this excess of mortality should be attributed to delayed intubation

rather than a more severely ill selected population.

Several variables independently associated with NIV failure, such as higher SOFA score,
worsening of radiologic infiltrate and low oxygenation after 1 h of NIV, were highly predictive of
this event (Table 3). In patients with “de novo” ARF, we strongly advise careful management in
order to avoid potential harm related to excessive delay in intubation when the response to NIV
is not positive, particularly when they require vasoactive drugs, a condition particularly
associated with NIV failure in patients with acute lung injury [32], as well as in those patients
who do not achieve those PaO2/FiO2 cut-offs after 1 h of NIV treatment, as previously
described [17, 33]. By contrast, this recommendation cannot apply for patients with previous
cardiac or respiratory disease. In the overall population, older age, NIV failure and higher organ
system failure were independently associated with hospital mortality. Thus, further improvement
of survival could be potentially achieved by combining adequate support against organ system
dysfunction and optimal NIV management of these patients.
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The present study has several limitations. First, the effectiveness of any treatment must be
determined by a randomised controlled trial. In the absence of a control group, definitive
conclusions cannot be drawn. Second, the study was conducted in a centre with major
experience in the use of NIV, and therefore these results cannot be extrapolated to less trained

and equipped hospitals.

In conclusion, successful treatment with NIV, which is strongly related with less organ system
failure of patients and a good initial response to the antimicrobial treatment and NIV support,
was strongly associated with better survival. In presence of predictors for NIV failure, avoiding
delayed intubation of patients with “de novo” ARF is strongly advised in order to potentially

minimise mortality.
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3.7 Tables

3.7.1 Table 1 Clinical and ventilator

with previous cardiac or respiratory disease

characteristics of patients with “de novo” acute respiratory failure and

“De novo” ARF (n = 102) Previous CR disease® (n = 82) p value
Age (years) 62 + 18 72+11 <0.001
Sex, male/female 60/42 63/19 0.015
NIV success, n (%) 55 (54%) 61 (74%) 0.007
SAPS-II 42 + 14 46 + 14 0.078
CURBS65 25+10 27x09 0.097
Maximum SOFA score
During NIV 7.0+ 38 6.3 +3.2 0.16
During ICU stay 82+49 70x42 0.064
Vasoactive drugs at onset of NIV, n (%) 31 (30%) 19 (23%) 0.35
ARDS criteria, n (%) 35 (34%) 15 (18%) 0.024
Glasgow Coma Score <12, n (%) 8 (8%) 20 (24%) 0.004
Respiratory rate (breaths/min) 377 4 +7 0.003
Heart rate (beats/min) 108 + 20 105 + 20 0.28
PaO,/FiO, ratio (mmHg) 127 + 34 136 + 37 0.084
PaCO, (mmHg) 42 = 14 60 + 22 <0.001
Arterial pH 7.37 = 0.08 7.27 £ 0.12 <0.001
HCO; (mEg/L) 213+ 28 30.1 +£6.2 <0.001
ICU stay (days) 10 £ 12 Tx£7 0.089
Hospital stay (days) 20 = 16 20 = 18 0.87
ICU mortality, n (%) 22 (22%) 12 (15%) 0.31
Hospital mortality, n (%) 28 (28%) 19 (23%) 0.63

Values are given as mean *+ SD or n (%). ARF acute respiratory failure, CR cardiac or respiratory, NIV
non invasive ventilation, SAPS Simplified Acute Physiology Score, CURB65 Confusion, Elevated
Blood Urea Nitrogen, Respiratory Rate and Blood Pressure plus Age C65 years, SOFA Sepsis-Related
Organ Failure Assessment, ICU intensive care unit.

& Among patients with previous cardiac or respiratory disease, 67 patients had COPD, associated with a chronic heart
disease in 15 cases associated with COPD and 2 obesity associated hypoventilation.
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3.7.2 Table 2 Variables associated with successful and unsuccessful treatment with non-invasive ventilation in
patients with “de novo” ARF and previous cardiac or respiratory disease

“De novo” ARF Previous cardiac or respiratory disease
NIV success NIV failure p value NIV success NIV failure p value
(n = 55) (n = 47) (n = 61) (n=21)
SAPS-II 38+11 47 £ 15 <0.001 42 =11 58 + 16 <0.001
CURBS65 23+0.9 2711 0.077 25+0.38 3.4+09 <0.001
Maximum SOFA score during NIV 50=*x25 9.3+ 38 <0.001 51*22 9.6 + 3.6 <0.001
Radiologic findings, n (%)
Bilateral involvement 10 (18%) 27 (57%) <0.001 6 (10%) 9 (53%) 0.002
Worsening pulmonary infiltrate 24 h 4 (10%) 37 (90%) <0.001 12 (20%) 13 (52%) <0.001
after onset of NIV
ARDS criteria, n (%) 10 (18%) 25 (71%) <0.001 6 (10%) 9 (43%) 0.002
Vasoactive drugs at onset of NIV, n (%) 8 (26%) 23 (74%) <0.001 6 (10%) 13 (62%) <0.001
Glasgow Coma Score B12, n (%)
After 1 h of NIV 1 (2%) 4 (9%) 0.18 6 (10%) 7 (33%) 0.018
Respiratory rate (breaths/min)
At onset of NIV 35+6 39+9 0.013 3B3x7 35+8 0.31
After 1 h of NIV 305 37+9 <0.001 29+3 32+6 0.018
Heart rate (beats/min)
At onset of NIV 106 + 22 110 £+ 17 0.36 101 £+ 19 116 + 18 0.002
After 1 h of NIV 101 = 19 110 £ 18 0.029 98 = 17 116 £ 20 <0.001
Pa0,/FiO, ratio (mmHg)
At onset of NIV 135 + 30 116 + 35 0.004 139 +£ 31 127 £ 50 0.21
After 1 h of NIV 178 + 32 139 + 39 <0.001 181 £+ 35 158 + 57 0.028
Arterial pH
At onset of NIV 7.38 = 0.08 7.36 = 0.11 0.44 7.28 = 0.12 7.24 = 0.12 0.19
After 1 h of NIV 7.37 = 0.05 7.36 = 0.10 0.32 7.31 + 0.08 7.25+0.11 0.005
HCO; (mEg/L)
At onset of NIV 222 %23 20.2 =30 0.001 31.0+ 34 274 58 0.012
After 1 h of NIV 223 +28 193+ 3.7 <0.001 32.0+ 338 251+ 8.6 0.002
ICU stay (days) 6+4 15 + 16 0.001 5+3 13 +£13 0.010
Hospital stay (days) 19+ 14 21 +18 0.51 18+ 14 24 £+ 26 0.32
Among survivors 19+ 14 26 = 10 0.055 18 + 14 28 = 27 0.099
ICU mortality, n (%) 0 (0%) 34 (50%) <0.001 0 (0%) 12 (57%) <0.001
Hospital mortality, n (%) 5 (9%) 23 (49%) <0.001 5 (8%) 14 (67%) <0.001
Among intubated patients, n (%)? - 16 (40%) - - 12 (63%) -

Values are given as mean £ SD or n (%) ARF acute respiratory failure, NIV non-invasive ventilation,
SAPS Simplified Acute Physiology Score, CURB65 Confusion, Elevated Blood Urea Nitrogen,
Respiratory Rate and Blood Pressure plus Age >65 years, SOFA Sepsis-Related Organ Failure

Assessment, ICU intensive care unit, ARDS acute respiratory distress syndrome 2 The remaining nine
patients died without intubation after a do- not-intubate order
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3.7.3 Table 3 Multivariate analysis of variables independently associated with non-invasive ventilation failure in
the overall population

Adj. OR 95% CI p value AUC Optimal Sensitivity Specificity Likelihood ratio
cut-off (%) (%) _
Positive Negative
Maximum SOFA during NIV 1442 1.187-1.753<0.001 0.86 >7 81 80 4.08 0.24
Worsening X-ray infiltrate 24 h 84.23 16.74-423.8<0.001 - - 77 86 5.58 0.27
after onset of NIV
Heart rate 1 h after NIV onset, min™*  1.064 1.029-1.100 0.002 0.68 >104 63 67 1.93 0.55
PaO,/FiO; atio 1 h after 0.980 0.965-0.996 0.012 0.78 <144 53 91 5.58 0.52
NIV onset, mmHg
HCOs; 1 h after NIV onset, mEqg/L 0.802 0.711-0.905 <0.001 0.77 <23 67 68 2.72 0.48

Adj. OR adjusted odds ratio, Cl confidence interval, SOFA Sepsis-Related Organ Failure Assessment, AUC area under the
ROC curve
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3.7.4. Table 4 Variables associated with hospital mortality in patients with “de novo” ARF and previous cardiac
or respiratory disease

“De novo” ARF Previous cardiac or respiratory disease
Alive Dead p value  Alive Dead p value
(n=174) (n =28) (n =63) (n =19)
Age (years) 58 + 19 73+ 11 <0.001 71+11 76+ 7 0.024
SAPS-II 39+ 12 50 + 15 <0.001 43 + 12 57 + 17 <0.001
CURBG65 2209 31+11 <0.001 25+08 35%09 <0.001
Maximum SOFA score during ICU stay 6.3 + 3.2 13.3+49 <0.001 55+ 23 119 +53 <0.001
NIV failure, n (%) 24 (32%) 23 (82%) <0.001 7 (11%) 14 (74%) <0.001
Radiologic findings, n (%)
Bilateral involvement 24 (32%) 13 (46%) 0.28 8 (13%) 7 (37%) 0.037
Worsening pulmonary infiltrate 24 h 23 (31%) 18 (44%) 0.003 17 (27%) 8 (47%) 0.20
after onset of NIV
ARDS criteria, n (%) 22 (30%) 13 (46%) 0.18 8 (13%) 7 (37%) 0.037
Vasoactive drugs at onset of NIV, n (%) 20 (27%) 11 (39%) 0.34 8 (13%) 11 (58%) <0.001
Glasgow Coma Score B12: n (%)
At onset of NIV 3 (4%) 5 (18%) 0.034 13 (21%) 7 (37%) 0.22
After 1 h of NIV 2 (3%) 3 (11%) 0.13 8 (13%) 5 (26%) 0.17
Respiratory rate, breaths/min 31+7 33+5 0.026 29+ 3 32+5 0.054
after 1 h of NIV
PaO,/FiO, (mmHg)
At onset of NIV 132 + 33 112 + 32 0.006 134 £ 30 143 £ 54 0.49
After 1 h of NIV 167 = 41 144 + 35 0.011 175 = 33 176 *+ 66 0.95
Acrterial pH
At onset of NIV 7.38 = 0.09 7.34 = 0.12 0.080 7.28 = 0.11 7.24 = 0.13 0.32
After 1 h of NIV 7.38 = 0.06 7.34 £ 0.10 0.11 7.30 = 0.09 7.28 = 0.10 0.27
HCO; (mEg/L)
At onset of NIV 22*3 203 0.053 31+3 28x6 0.058
After 1 h of NIV 22+3 19+4 0.003 32x14 25+9 0.002

Values are given as mean = SD or n (%). Variables with p <0.10 are shown in this table NIV non-invasive ventilation, SAPS
Simplified Acute Physiology Score, APACHE Acute Physiology and Chronic Health Evaluation, CURB65 Confusion, Elevated
Blood Urea Nitrogen, Respiratory Rate and Blood Pressure plus Age > 65 years, SOFA Sepsis-Related Organ Failure
Assessment, ICU intensive care unit, ARDS acute respiratory distress syndrome
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3.7.5 Table 5 Multivariate analysis of variables independently associated with hospital mortality in the overall
population

Adj. OR 95% ClI p value AUC Optimal Sensitivity Specificity Likelihood ratio
cut-off (%) (%)
Positive  Positive
Maximum SOFA during ICU stay 1.342 1.158-1.556 <0.001 0.86 =>12 68 95 133 0.34
NIV failure 6.78 1.65-27.95 0.008 - - 79 77 3.48 0.27
Older age (years) 1.118 1.056-1.185 <0.001 0.68 =72 72 57 1.68 0.49

Adj. OR adjusted odds ratio, Cl confidence interval, SOFA Sepsis-Related Organ Failure Assessment, AUC area under the
ROC curve, NIV non-invasive ventilation
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1.8Figures

3.8.1 Fig. 1 Duration of non-invasive ventilation in patients who needed intubation and survived or died in the hospital. Left
panel patients with “de novo” acute respiratory failure. Right panel patients with previous cardiac or respiratory disease.
Horizontal bars represent mean values of survivors and non-survivors for intubated patients from each group
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4.2 Abstract

Rationale: Noninvasive ventilation (NIV) is widely used in episodes of acute hypercapnic
respiratory failure (AHRF) in patients with chronic obstructive pulmonary disease (COPD).
However, there is no evidence on the efficacy of NIV during similar episodes in obesity hypo-
ventilation syndrome (OHS).

Objectives: To compare the efficacy of NIV in episodes of AHRF caused by OHS and COPD.
Methods: We prospectively assessed 716 consecutive patients (173 with OHS and 543 with
€OPD) with AHRF (arterial pH <7.35 and Pac02> 45 mm Hg) treated with a similar protocol
of NIV. We defined successful NIV as avoidance of intubation and intensive care unit
survival at least 24 hours in the War2d. Hospital survivors were fol- lowed for 1 year to assess
hospital readmission and survival. Measurements and Main Results: Both groups had similar
(mean = SD) baseline respiratory acidosis (arterial pH, 7.22 = 0.08; PacO, 86 = 21 mm Hg).
Patients with OHS were older (74 £ 11 vs. 71 &= 10 yr; P <0.001); were more frequently
female (134, 77% vs. 66, 12%; P<0.001); had less late NIV failure (12, 7% vs. 67, 13%; P =
0.037); had lower hospital mortality (10, 6% vs. 96, 18%; P < 0.001); and had higher 1-year
survival (odds ratio, 1.83; 95% confidence interval,1.24-2.69; P = 0.002). However, survival
adjusted for confounders (adjusted odds ratio, 1.41; 95% confidence interval, 0.70-2.83; P =
0.34), NIV failure (11, 6% vs. 59, 11%; P % 0.11), length of stay, and hospital readmission
were similar in both groups. Among patients with COPD, obesity was associated with less
late NIV failure and hospital readmission.

Conclusions: Patients with OHS can be treated with NIV during an episode of AHRF with
similar efficacy and better outcomes than patients with COPD.

Keywords: noninvasive ventilation; BiPAP; acute hypercapnic respiratory failure; obesity
hypoventilation syndrome; chronic obstructive pulmonary disease
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4.3 Introduction

Excess weight and obesity are becoming a global epidemic that affects millions of people in
developed and developing countries and in all age-groups (1, 2). Obese subjects have
multiple complications derived from excess weight, particularly affecting the cardiovascular,

endocrine, and respiratory systems (3). The prevalence of obesity (body mass index [BMI]
- 30 kg/m2) ranges between 9% and 26% in patients admitted to intensive care units

(ICU), whereas that of morbid obesity (BMI . 40 kg/mz) ranges between 1.4% and 7%
(4, 5).

Respiratory involvement of the obese patient is complex (6) and involves pulmonary
abnormalities(decreased lung volumes, increased respiratory resistance, and decreased
chest wall com- pliance); impairment of central respiratory control; and frequent sleep-
related breathing disorders. Although obesity is frequent in patients with chronic
obstructive pulmonary disease (COPD), asthma, and sleep apnea—hypopnea syndrome
(SAHS), a minority of obese subjects develop obesity hypoventilation syndrome (OHS).
Although not well known, the prevalence of OHS increases as the prevalence of obesity
increases (7, 8), with an estimated prevalence of 0.3-0.4% in the general population,

10-20% in patients with sleep-related breathing disorders, and nearly 50% among

hospitalized patients with BMI greater than 50 kg/m2.

Patients with OHS often present exacerbations of their respiratory symptoms that, like
COPD, require hospitalization because of acute hypercapnic respiratory failure (AHRF)
that may require ventilatory support. There is extensive evidence on the efficacy of
noninvasive ventilation (NIV) in patients with severe COPD exacerbations and AHRF with
respiratory acidosis (9, 10). However, there are no well-designed randomized con-
trolled trials that have assessed the efficacy of NIV in patients with OHS during similar
episodes of exacerbation. The information on this topic is restricted to case series, often
retrospective, with limited numbers of patients (11-13). Nevertheless, NIV is frequently
used in patients with OHS, particularly during stable clinical condition (14, 15) but also during
episodes of AHRF (16), with acceptable rates of success.

We hypothesized that patients with OHS and AHRF would respond to NIV with similar efficacy
to those with COPD. Therefore, we compared the characteristics and outcomes of patients with
COPD and OHS who were admitted because of AHRF with respiratory acidosis and were
treated with NIV in the ICU.
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4.4 METHODS

Patients

We prospectively followed all consecutive patients with severe AHRF and respiratory acidosis
caused by exacerbation of COPD and OHS receiving NIV treatment in an 18-bed ICU of
Hospital Morales Meseguer, a general university hospital in Murcia, Spain, from January 1997
to December 2010. The study was approved by the hospital ethics committee. Inclusion criteria
were AHRF defined as the presence of arterial pH less than 7.35 and PaCO2 greater than 45
mm Hg after the initial treatment of the exacerbation, and the diagnosis of OHS or COPD. We
defined OHS as the presence of obesity (BMI. 30 kg/m2); the absence of other causes of
hypoventilation, such as lung, neuromuscular, or chest-wall diseases; and hypercapnia (PaCO2
45 mm Hg) in arterial blood gases before admission during stable condition (17). In the
absence of this, we required the presence of hypercapnia in arterial blood gases before hospital
discharge when patients had stabilized. We defined COPD according to the Global Initiative for
Chronic Obstructive Lung Disease strategy (18). When patients had stabilized in wards, a
forced spirometry was tried before hospital discharge. In the other cases, we recorded the most
recent forced spirometry values before admission to hospital. We excluded other causes of
acute respiratory failure, such as pneumonia, pneumothorax, or acute pulmonary edema, and
other previously published criteria (19, 20). Patients with COPD received nebulized
bronchodilators and systemic corticosteroids. Patients with OHS received bronchodilators if
they presented wheezing on physical examination. Both groups of patients received antibiotics

if bacterial bronchial infection was suspected and diuretics in the event of peripheral edema.

NIV Protocol

The indication for NIV was established by the attending physicians. Patients were continuously
monitored with electrocardiogram, pulse oximetry, invasive or noninvasive blood pressure, and
respiratory rate. The criteria used for implementing NIV were moderate-to-severe dyspnea
accompanied by a respiratory rate of 25 breaths/min or higher, or signs of increased breathing
effort, such as active contraction of the accessory respiratory muscles; and severe AHRF and
respiratory acidosis as defined previously.

NIV was applied with specific NIV ventilators (BiPAP ST-D and VISION Ventilator; Respironics,
Inc., Murrysville, PA) using the bilevel positive airway pressure mode as previously described
(19-21). Face masks were used as first choice, but nasal masks were optionally used if

patients did not tolerate a face mask. The initial inspiratory positive airway pressure was set at
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12 cm H20 and the level was raised by 2—-3 cm H20 as tolerated, but did not exceed 25 cm
H20O. The initial expiratory positive airway pressure was set at 5 cm H20, and the level was
raised by 1-2 cm H20O if needed to improve hypoxemia or comfort. The FIO2 was set to
achieve oxygen saturation as measured by pulse oximetry higher than 92% or PaO2 higher
than 65 mm Hg. The protocol was applied similarly in both groups. Arterial blood gas samples
were obtained from each patient before connection to the ventilator and after 1 hour of NIV.
Samples were subsequently obtained as clinically indicated.

Effectiveness of the Technique

NIV was considered successful if a patient avoided endotracheal intubation with recovery of
consciousness, was discharged from the ICU, and remained alive and conscious for at least 24
hours after being transferred to the ward. Failure of NIV therapy occurred when a patient
experienced worsening of gas exchange or respiratory distress despite optimal NIV support
leading to intubation or death. Late NIV failure was defined as a new episode of AHRF with
respiratory acidosis at least 48 hours after initial stabilization (22). If NIV failed, patients who
had not declined intubation underwent this procedure according to previously published criteria
(19-21).

Data Collection

At the start of NIV therapy, demographic, clinical, and laboratory variables were collected.We
calculated the BMI in all patients. Patients’ weight was measured with a previously calibrated
bed-scale, and height was assessed with a tape measure in the supine position (23). If patients
survived the acute phase, height was confirmed in the upright position. Patients’ degree of
severity and organ failure were estimated using the Simplified Acute Physiology Score Il (24)
and the Sepsis-related Organ Failure Assessment (25) score, calculated daily. Prognostic
comorbidity was calculated using the Charlson comorbidity index (26). Patients discharged
alive from hospital were followed for 1 year with telephone contact and assessment of new
hospital admissions, to assess whether they were alive or not, and whether they had been
readmitted to the hospital.

Statistical Analysis

Qualitative or categorical variables, expressed as number and percentages, were compared
using the chi-square test or Fisher exact test. Continuous variables were expressed as mean
SD, and compared between groups using the t test for independent data and for paired data for
variables measured before and after instatement of NIV. The Kaplan-Meier estimate-of-survival
curve was used to determine the cumulative 1-year probability of hospital readmission and

survival; survival curves between the two groups were compared using the log-rank test. One-
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year survival of both groups was adjusted for other variables potentially related to survival, such
as domiciliary continuous positive airway pressure (CPAP) or NIV, long-term oxygen therapy,
tobacco consumption, age, underlying heart disease, and the presence of SAHS, serum lipids
levels, and statin therapy, using Cox proportional hazard regression analysis. The analyses
were two-tailed and P values of less than 0.05 were considered significant. Data were
processed using SPSS 18.0 (IBM, Armonk, NY).
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4.5 RESULTS

Patients

During the study period 3,075 patients with respiratory failure that required NIV were admitted
to this ICU; of these patients, 173 (6%) and 543 (18%) were diagnosed with OHS and COPD
exacerbation, respectively. Of the 543 patients with COPD, 184 (34%) had concomitant obesity.
The characteristics of patients on admission are summarized in Table 1. Patients with OHS
were older, were more frequently female, had higher BMI, and more frequently had concomitant
SAHS. Patients with COPD were more frequently active smokers. The forced spirometry values
were different and showed an obstructive pattern in patients with COPD and a nonobstructive
pattern in those with OHS. The remaining characteristics were similar between groups.
Physiologic Parameters

Respiratory, hemodynamic, and neurologic parameters before onset and after 1 hour of
treatment with NIV are shown in Table 2. On average, patients had severe hypercapnia and
respiratory acidosis at baseline, with decreased oxygenation, increased respiratory and heart
rate, and abnormal mental status. Except for serum bicarbonate levels, all these physiologic
variables improved after 1 hour of NIV, with no significant differences between both groups in
any variable, except for respiratory rate after 1 hour of NIV and serum bicarbonate.

Ventilatory Characteristics and Complications Related to NIV

The type of ventilator, the ventilatory conditions, except for a slightly higher mean level of
maximal expiratory positive airway pressure in patients with COPD, the duration of NIV, and the
rate of complications were similar in both groups (Table 3).

Outcome and Follow-up of Patients

Patients with OHS had lower rates of late NIV failure, readmission to the ICU, and ICU and
hospital mortality, and lower PaCO2 on discharge from hospital than patients with COPD; no
significant differences were found in the rate of NIV failure (Table 4). However, the rate and
timing of endotracheal intubation, the amount of organ system failure during the ICU stay, and
the length of stay were similar in both groups. Of the 610 patients discharged alive from the
hospital, we were unable to assess the status of 10 patients (six with COPD and four with OHS)
after 1 year. In the remaining patients, domiciliary nocturnal nasal CPAP was more frequently
used in patients with OHS, whereas use of domiciliary NIV was similar in both groups.
Readmission of patients to the hospital during the follow-up period was similar in both groups
(Figure 1), whereas 1-year survival was significantly higher for patients with OHS (odds ratio
[OR], 1.83; 95% confidence interval [CI], 1.24-2.69; P = 0.002) (Figure 2). However, after

adjusting for confounding variables, survival of patients with OHS did not remain significantly
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better (adjusted OR, 1.41; 95% CI, 0.70-2.83; P =0.34). In patients with OHS, readmission at 1
year was significantly higher for those treated with domiciliary CPAP or NIV (1.70; 95% CI,
1.09-2.65; P = 0.019). However, after adjusting for confounding variables, readmission at 1
year did not remain significantly higher for those treated with domiciliary CPAP or NIV (adjusted
OR, 1.31; 95% ClI, 0.71-2.41; P = 0.39).

Comparison of Patients with COPD with and without Obesity

The prevalence of SAHS was higher, and the rate of late NIV failure lower, in patients with
COPD and obesity, with less hospital readmission after 1 year, compared with those without
obesity; no significant differences were found in the remaining outcome variables (Table 5 and
Figure 3). Domiciliary nocturnal nasal CPAP and NIV were more frequently used in obese
patients from this group.
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4.6 DISCUSSION

Using a similar protocol to that used in patients with severe COPD exacerbation, NIV was
highly effective in patients with OHS. Despite their older age and similar severity of respiratory
acidosis at baseline, patients with OHS had better outcomes, particularly survival, than those
with COPD.

Several reports have shown that OHS is the second most frequent indication, after COPD, for
NIV treatment among hospitalized patients with AHRF (27-29). In our hospital, 6% of patients
treated with NIV had OHS, surpassed only by COPD among those with chronic respiratory
disorders. By contrast, a large descriptive series of hospitalized patients treated with NIV at the
Massachusetts General Hospital did not report patients with OHS (30). The forecast increase in
the incidence of obesity may lead to an increase in OHS in the coming years, with increased
hospital admission required for these patients. Despite the severity of respiratory acidosis on
admission, NIV was highly effective in both groups of patients. The efficacy of NIV in patients
with COPD exacerbations is highly variable, with reported failure rates of between 7% and 50%
(31). Most published series on patients with COPD treated with NIV have less severe
respiratory acidosis than our patients (32, 33). Nevertheless, the observed 11% failure rate in
patients with COPD in this study is among the lowest when compared with these published
series. Similarly, the efficacy of NIV in patients with OHS from our study tended to be even
better, with a 7% failure rate. Some observational studies suggest that NIV can ameliorate
alveolar hypoventilation and avoid intubation in this situation. In series of patients with OHS
treated with NIV for an episode of AHRF, the failure rates for NIV ranged from 0-40% (11, 13,
34). Other series of patients with chronic respiratory disorders that include patients with OHS
reported similar failure rates of NIV (35, 36). However, hypercapnia and respiratory acidosis
reported in these studies was substantially milder than in our study. This highlights the efficacy
of NIV in these episodes of AHRF in OHS, despite the absence of controlled clinical trials in this
population. Although patients with OHS were older than those with COPD and the severity
scores and the level of respiratory acidosis at baseline were similar in both groups, patients
with OHS showed better survival than patients with COPD. A possible contributor to this
different survival rate may be the lower rate of late NIV failure and subsequent readmission to
the ICU in patients with OHS, because late NIV failure is associated with a very poor in-hospital
prognosis in patients with COPD exacerbation (22). However, the survival of both groups
adjusted for confounders was similar, likely because of the better preservation of lung function

and the more frequent use of domiciliary positive pressure therapy in patients with OHS.
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The poor long-term outcome of patients with COPD who have survived an episode of AHRF
and required NIV has been reported, with mortality rates at 1 year approximately 50% (37, 38),
clearly higher than the 31% observed in patients with COPD in our study. Conversely, the
short- and long-term outcome of patients with OHS treated with NIV is consistently better in
published series (11, 34). These two series observed lower mortality rates than in the patients
with OHS in our study, possibly because they studied younger patients with milder respiratory
acidosis and, in one study, without the need for ICU admission (34). The different
pathophysiology of COPD and OHS, with marked inflammatory activity in patients with
advanced COPD (39), may explain the different long-term outcomes between both types of
patients. An exception to this good outcome of patients with OHS was recently reported in
patients with “malignant” OHS (13). In this study, patients were extremely obese, with a mean
BMI of 48 kg/m2, with a very high frequency of diabetes, metabolic syndrome, and cardiac and
hepatic comorbidities. Readmission to hospital is very frequent in patients with COPD who
survive an episode of AHRF treated with NIV, ranging between 56% and 80% at 1 year (37,
38); this is moderately higher than the 50% observed in our study. In contrast, no data on
hospital readmission of patients with OHS after episodes of AHRF requiring NIV are available.
Domiciliary NIV seems to improve gas exchange, daytime sleepiness, quality of life, and the
number of hospitalizations in patients with OHS (7), particularly in those compliant with positive
respiratory pressure therapy (6). Because only 55% of patients with OHS discharged alive
received domiciliary positive pressure therapy, increasing this rate of domiciliary NIV or CPAP
would probably reduce the long-term readmission of these patients. Interestingly, obesity in
patients with COPD was associated with less late NIV failure and hospital readmission at 1
year. The higher proportion of obese patients with COPD who had concomitant SAHS, the so-
called “overlap syndrome,” and who received domiciliary nocturnal NIV or CPAP may partly
explain the association of obesity in COPD with fewer hospital readmissions observed in our
patients, because these patients respond positively to long-term CPAP or NIV with a reduction
in acute exacerbations and mortality (40). This study has several strengths. First, to our
knowledge, there are no larger series in the literature of patients with OHS and COPD who
were treated with NIV for AHRF, collected prospectively and consecutively. Second, our
patients had very severe respiratory acidosis at baseline and, therefore, the indication for NIV is
clear. Third, we systematically followed patients for 1 year after discharge from hospital to
assess hospital readmission and survival. This study has also several limitations. First, the
effectiveness of any treatment must be determined by a randomized controlled trial. In the

absence of a control group, definitive conclusions cannot be drawn because of the physiologic
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differences between both groups. Second, the study was conducted in a hospital with
considerable experience in the use of NIV and in the setting of an ICU and, hence, these
results cannot be extrapolated to less trained and equipped units. In conclusion, patients with
OHS can be treated with NIV using a similar protocol to that used in patients with COPD during
an episode of AHRF, with high efficacy in both groups of patients. Despite older age, survival

was better for patients with OHS.
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4.7 Tables

4.6.1 Table 1. Patient characteristics on admission*

COPD (n = 543) OHS (n =173) P Value

Age, yr 71+ 10 74 = 11 0.001
Sex, M/F 477/66 39/134 <0,001
Body mass index, kg/m? 30+ 4 42 +6 <0,001

Range (20-46) (34-57)
SAPS 11 42 £ 11 40 = 11 0.089
Origin, n (%) 0.85

Emergency room 361 (67) 113 (65)

Wards 182 (33) 60 (35)
Active smokers, n (%) 145 (27) 13 (8) <0,001
Do-not-intubate orders, n (%) 161 (30) 48 (28) 0.70
FEV,

Milliliters 892 + 233 2,051 + 433 <0,001

% pred. 297 68 =9 <0,001
FvC

Milliliters 2,431 + 395 2,535 + 577 0.13

% pred. 57 +6 75 + 10 0.004
FEV,/FVC, % pred. 37+9 81+ 5 <0,001
Charlson index 3+ 1.6 29+1.3 0.70
Cardiac function”

Right ventricle dilation, n (%) 42 (21) 16 (23) 0.80

Left ventricle diastolic dysfunction, n (%) 49 (24) 19 (28) 0.70

Left ventricle ejection fraction, % 52+ 11 50 + 12 0.24
Chronic heart disease, n (%) 106 (20) 32 (19) 0.85
Diabetes mellitus, n (%) 175 (32) 69 (40) 0.079
SAHS, n (%)* 150 (28) 143 (83) <0,001

Apnea-hypopneaindex, h* 24 + 13 30+ 14 <0,001

CT-90, % 26 + 16 34+ 19 <0,001
Previous domiciliary oxygen, n (%) 251 (46) 68 (39) 0.13
Previous domiciliary NIV, n (%) 61 (11) 16 (9) 0.43
Previous ICU admission, n (%) 385 (71) 112 (65) 0.15
Hospital admission in previous year, n (%) 231 (43) 59 (34) 0.060
Cause of exacerbation, n (%) 0.31

Respiratory infection 388 (72) 117 (68)

Cardiac 65 (12) 23 (13)

Surgery 15 (3) 5(@3)

Trauma 11 (2) 6 (3)

Depressant drugs 7 (1) 8 (5)

Nonrespiratory infection 5(1) 2(1)

Other 6 (1) 1)

Unknown 46 (9) 11 (6)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; CT-90 = % of
time of polysomnography with arterial oxygen saturation less than 90%; ICU = intensive
care unit; NIV = noninvasive ventilation; OHS = obesity hypo- ventilation syndrome; SAHS
= sleep apnea—hypopnea syndrome; SAPS Il = Simplified Acute Physiologic Score II.
* Numeric values are expressed as mean + SD.
TEchocardiography was performed in 202 (37%) patients with COPD and 69 (40%) patients with OHS.

l'CDiagnosis of SAHS, taken from patients’ medical records, was done by polysomnography. CT-90 index was
available in 144 (96%) patients with COPD and 133 (93%) patients with OHS.
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4.6.2 Table 2. Respiratory, hemodynamic, and neurologic parameters before onset and after 1 hour of treatment
with noninvasive ventilation*

) COPD (n=543) OHS (n=173) P Valuet
Heart rate, min”

At onset of NIV 100 = 20 101+21 0.44
After 1 h of NIV 97+ 19 98 + 20 0.57
P valuet <0.001 <0.001

Mean arterial pressure, mm Hg
At onset of NIV 85+ 16 84 +16 0.20
After 1 h of NIV 8015 78 £ 14 0.27
P valuet <0.001 <0.001

Respiratory rate, min™
At onset of NIV 31+8 30£9 0.11
After 1 h of NIV 28+5 27+4 0.002
P value? <0.001 <0.001

Arterial pH
At onset of NIV 7.22 £0.08 7.22 £0.08 0.79
After 1 h of NIV 7.26 £ 0.07 7.27 £ 0.07 0.17
P valuet <0.001 <0.001

PaO2/FIO2, mm Hg
At onset of NIV 174 £ 41 171 +40 0.38
After 1 h of NIV 198 + 39 197 £ 42 0.87
P valuet <0.001 <0.001

PaCO2, mm Hg
At onset of NIV 86 + 22 84 +18 0.34
After 1 h of NIV 77+21 75+ 18 0.17
P valuet <0.001 <0.001

HCO3, mEg/L
At onset of NIV 32+2 312 <0.001
After 1 h of NIV 32+3 31+3 0.002
P valuet 0.80 0.64

Glasgow coma score
At onset of NIV 125+ 35 125+3.1 0.81
After 1 h of NIV 1421 14 +2.2 0.95
P valuet <0.001 <0.001

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; NIV= noninvasive ventilation; OHS = obesity
hypoventilation syndrome. * Values are expressed as mean + SD.

tComparisons between the COPD and OHS groups.

T Comparisons between values obtained at onset and after 1 hour of NIV.
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4.6.3 Table 3. Ventilatory characteristics and complications related to noninvasive ventilation*

COPD (n=543) OHS (n=173) P Value

Type of ventilator 0.60

BiPAP ST/D 238 (44) 73 (42)

BiPAP VISION 303 (56) 102 (58)
Maximal IPAP, cm H20 18.6 £3.5 184 +£35 0.45
Maximal EPAP, cm H20 75%+13 72+1.1 0.011
Duration of NIV, d 2.8+1.8 3+2 0.13
Duration of NIV, ht 41+ 25 42 + 27 0.56
Complications of NIV, n (%) 206 (38) 75 (43) 0.24
Skin lesions 166 (31) 63 (36) 0.18
Eye irritation 71 (13) 23 (13) >0.99
Claustrophobia 52 (10) 16 (9) >0.99
Gastric distention 19 (4) 6 (4) >0.99
Vomiting 3(2) 0 >0.99
Bronchial aspiration 1(0.2) 0 >0.99
Mucus plugging 1(0.2) 0 >0.99
Pneumothorax 5(@) 0 0.34
Nosocomial pneumonia 6 (1) 1(1) .0.99
Total intolerance to NIV 8(2) 2(1) >0.99

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; EPAP = expiratory positive airway pressure; IPAP
= inspiratory positive airway pressure; NIV = noninvasive ventilation; OHS = obesity hypoventilation syndrome.

* Numeric values are expressed as mean + SD. Total number of hours patients remained with NIV during their intensive
careunit stay.
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4.6.4 Table 4. Patient outcome*

COPD (n =543) OHS (n=173) P Value

NIV failure, n (%) 59 (11) 11 (6) 0.11
Endotracheal intubation, n (%) 23 (4) 7 (4) >0.99
Time from onset of NIV to ETI, d 1.8+1.4 2.7+4.5 0.61
Late NIV failure, n (%) 67 (13) 12 (7) 0.037
Readmission to the ICU, n (%) 24 (5) 1(1) 0.023
Maximal SOFA during ICU stay 52+31 51+27 0.64
ICU stay, d 4+8 4+4 0.93
Hospital stay, d 15+13 16 £ 10 0.32
PaCO2 at hospital discharge, mm Hg 58+ 6 53+4 <0.001
ICU mortality, n (%) 42 (8) 2(1) 0.003
Hospital mortality, n (%) 96 (18) 10 (6) <0.001
Causes of hospital death 0.095

Respiratory failuret 76 (79) 5 (50)

Shock-multiple organ failure 20 (21) 5 (50)

Respiratory therapies during the year after

the hospital admissiont
Domiciliary nocturnal nasal CPAP, n (%) 18 (4) 71 (45) <0.001
Domiciliary NIV, n (%) 52 (12) 16 (10) 0.66

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; CPAP = continuous positive airway pressure; ETI =
endotracheal intubation; ICU = intensive care unit; NIV = noninvasive ventilation; OHS = obesity hypoventilation syndrome;
SOFA = Sequential Organ Failure Assessment.

* Values are expressed asmean + SD.

tDeath after progressive hypoxemia or hypercapnia without other major organ system failures.

¥Data from the 600 patients discharged alive and followed-up for 1 year after admission to hospital. Domiciliary nocturnal nasal
CPAP or NIV were indicated by the attending outpatient physicians.
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4.6.5 Table 5. Comparison between patients with chronic obstructive pulmonary disease with and without obesity*

Body mass index, kg/m2
SAHS, n (%)

NIV failure, n (%)

Late NIV failure, n (%)
Readmission to the ICU, n (%)
ICU stay, d

Hospital stay, d

ICU mortality, n (%)

Hospital mortality, n (%)

Respiratory therapies during the year after

the hospital admissiont

Domiciliary nocturnal nasal

CPAP, n (%)
Domiciliary NIV, n (%)

Nonobese COPD (n = 359)

27 +2
52 (15)
43 (12)
52 (16)
17 (5)
44
15 + 10
28 (8)
70 (20)

6(2)
27 (9)

34+4
98 (53)
16 (9)
15 (9)
7(4)
4+12
16 +17
14 (8)
26 (14)

12 (8)
25 (16)

Obese COPD (n=184) P Value

<0.001

<0.001
0.31

0.045
0.78
0.71

0.35

>0.99
0.15

0.009
0.054

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; CPAP = continuous positive airway pressure; ICU
= intensive care unit; NIV = noninvasive ventilation; SAHS = sleep apnea—hypopnea syndrome. * Values are expressed as

mean = SD.

tData from the 439 patients with COPD discharged alive and followed-up for 1 year after admission to hospital.
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4.8 Figures

4.8.1 Figure 1. Probability of remaining free from hospital readmission during the follow-up period of 1 year in the
overall population. COPD = chronic obstructive pulmonary disease; OHS = obesity hypoventilation syndrome.
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4.8.2 Figure 2. Survival of patients during the follow-up period of 1 year. COPD = chronic obstructive pulmonary
disease; OHS = obesity hypoventilation syndrome.
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4.8.3 Figure 3. Probability of remaining free from hospital readmission during the follow-up period of 1 year in
patients with COPD with and without obesity. COPD = chronic obstructive pulmonary disease.
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5.1 Articulo 1

5.1.1 Titulo

Ventilacion no invasive tras extubacion en pacientes hipercapnicos con desoderdenes

respiratorios cronicos: estudio controlado aleatorizado

5.1.2 Objetivo

La reintubacion es a veces necesaria para el manejo del fracaso respiratorio después
de la extubacion y se realiza en el 6-23% de los pacientes en el periodo de 48-72 horas

posterior a la extubacion programada.

La reintubacion es un factor de riesgo independiente para la neumonia nosocomial,
mortalidad y duracion de la estancia hospitalaria. La ventilacion no invasiva podria ser
un tratamiento prometedor para el fracaso respiratorio después de la extubacion, con
posibilidad de evitar la reintubacion. Sin embargo en dos estudios clinicos aleatorizados
realizados en poblaciones mixtas, la ventilacion no invasiva no fue beneficiosa para
disminuir el riesgo de reintubacion en los pacientes que desarrollaron fracaso
respiratorio post extubacion. En contraste la ventilacion no invasiva utilizada
profilacticamente inmediatamente después de la extubacion programada fue efectiva en
evitar el fracaso respiratorio en pacientes con alto riesgo de esta complicacion que
habian tolerado un intento de respiracion espontanea. Al realizar un analisis de
subgrupo se pudo comprobar que el beneficio estaba limitado a los pacientes con
hipercapnia durante el intento de respiracion espontanea anterior a la extubacion. En
este subconjunto de pacientes, el 98% tenia desordenes respiratorios cronicos

subyacentes.

Nuestra hipotesis defiende que el uso precoz de la ventilacion no invasiva durante el
periodo inicial después de la extubacion puede evitar el fracaso respiratorio y mejorar la

supervivencia de los pacientes con desordenes respiratorios crénicos que presentan



hipercapnia durante un intento de respiracion espontanea antes de la extubacién. Por
este motivo nuestro estudio tiene como objetivo evaluar la efectividad de esta estrategia
comparada con la utilizacién convencional de oxigeno en pacientes que se sometieron a

extubacion programada.

5.1.3 Metodos

Llevamos a cabo un estudio controlado aleatorizado en la Unidad de Respiratorio del
Hospital Clinico de Barcelona y en la Unidad de Cuidados Intensivos del Hospital
Morales Meseguer de Murcia. Todos los pacientes con insuficiencia respiratoria crénica,
intubados durante 48 horas o mas, que toleraron un intento de respiracion espontanea a
través de un tubo en T después de haberse recuperado de su enfermedad, con fracaso
respiratorio hipercapnico (PaCO2 >45 mm Hg) en respiracion espontanea, fueron

considerados elegibles para el estudio. No se incluyeron pacientes con traqueostomia.

Los pacientes eran elegidos para comenzar respiracion espontanea si cumplian los
siguientes criterios: mejoria o resolucion de la causa que habia provocado el fracaso
respiratorio; correccion de la hipoxemia arterial, ausencia de fiebre o hipotermia
concentracion de hemoglobina en sangre de 70g/L o mas; estabilidad hemodindmica y
capacidad para comunicarse. Obtuvimos gases arteriales al comienzo y al final de la

prueba de tubo en T.

Definimos fracaso del intento de respiracion espontanea por la presencia o persistencia
de los siguientes criterios: frecuencia respiratoria mayor de 35 rpm; saturacion arterial
de oxigeno < de 90% con una FiO2 de 0.4 o mas; frecuencia cardiaca mayor de 150
latidos por minuto o menor de 50; presion sanguinea mayor de 200 mm de Hg o menor
de 70 mm Hg; disminucion de conciencia agitacién o diaforesis signos clinicos de fatiga

muscular respiratoria, aumento del trabajo respiratorio, 0 ambos.

Si no aparecian signos de fracaso después de 30-120 minutos y los gases arteriales al
final de la prueba en T presentaban una PaCO2 mayor de 45 mm de Hg, se comenzaba
con la asignacion aleatoria a grupo de VNI o a tratamiento convencional (control).

La ventilacion no invasiva fue aplicada de forma continua con la modalidad de doble

presion (BiPap). La presion inspiratoria se ajustaba (12-20 cmmH20) segun la
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tolerancia de los pacientes para conseguir una frecuencia respiratoria menor de 25
respiraciones por minuto. La presion espiratoria se fijaba en 5-6 cm H20 y se colocaba
una FiO2 para conseguir una saturacion de oxigeno por encima del 92% por
pulsioximetria. Se utiliz6 mascara facial como primera eleccion y se mantuvo ventilando
de forma continua el mayor tiempo posible durante las primeras 24 horas. Después de
este tiempo la ventilaciébn no invasiva fue retirada y se colocd oxigeno convencional

mediante mascarilla Venturi mientras el enfermo lo necesitara.

Los pacientes aleatorizados en el grupo control recibieron oxigeno con mascarilla
Venturi inmediatamente después de la extubacion. Se utilizé6 una Fio2 suficiente para
conseguir una saturacion arterial de oxigeno mayor del 92%. La mascarilla de oxigeno

se utilizé durante el tiempo en que se estimo necesaria.

De forma continua se monitorizd el electrocardiograma, la presion sanguinea y la
frecuencia respiratoria. Se midieron los gases arteriales cada 1-2 horas segun las
necesidades de los pacientes. No se alimentaron durante las primeras 24 horas
después de la extubacion para evitar aspiraciones. El seguimiento se mantuvo hasta los

90 dias después de la aleatorizacion.

Definimos la insuficiencia respiratoria como presencia y persistencia durante 30
minutos, dentro de las 72 horas después de la extubacion, de al menos dos de los
siguientes: acidosis respiratoria (pH< de 7.35 y pCO2>45mmHgQ); saturacion de oxigeno
por pulsioximetria menor de 90% y PaO2< de 60 mm de Hg con FiO2 de 0.5 o més;
frecuencia respiratoria mayor de 35 rpm; conciencia disminuida, agitacion y diaforesis; y

signos clinicos de fatiga muscular respiratoria, aumento del trabajo respiratorio, o ambos

Indicamos intubacion inmediata si ocurria: paro respiratorio o cardiaco; pausas
respiratorias con pérdida de conciencia 0 ansia de aire; agitacion psicomotora no bien
controlada por la sedacion; aspiracidbn masiva; incapacidad persistente para movilizar
las secreciones respiratorias; frecuencia cardiaca por debajo de 50 Ipm con perdida del
estado de alerta; inestabilidad hemodinamica grave con falta de respuesta a la

sobrecarga de liquidos o al uso de drogas vasoactivas.

Si un paciente presentaba fracaso respiratorio pero no era necesaria una reintubacion
inmediata se aplicaba ventilacion no invasiva como tratamiento de rescate; en el grupo

de ventilacion no invasiva el tratamiento de rescate consistia en la reinstitucion o



continuacion del procedimiento después de 24 horas tras la extubacion. Cuando los
pacientes que recibian tratamiento de rescate con ventilacion no invasiva presentaban
deterioro en los gases arteriales o0 taquipnea a pesar de su utilizacion en éptimas
condiciones, el procedimiento no fue prolongado por mas de 4 horas y el paciente fue

reintubado.

5.1.4 Resultados

Desde Mayo de 2005 hasta Diciembre de 2007, 1664 pacientes fueron registrados para
entrar en el estudio de los cuales 106 pudieron ser aleatorizados (Fig. 1). 54 fueron
asignados a ventilacion no invasiva y 52 al grupo control. Las caracteristicas clinicas y
las variables fisiologicas no diferian al comienzo del estudio (Fig. 1y 2). La ventilacion no
invasiva se mantuvo por un periodo medio de 18 h (SD 7) en los pacientes asignados a
este grupo.Los niveles medios de las presiones aplicadas fueron 17 cm H20 (SD3) y 6

cm H20 respectivamente. La tabla 3 resume estas variables.

El fracaso respiratorio post extubacion fue menor en el grupo de ventilaciébn no invasiva
gue en el grupo control. La principal diferencia entre los grupos con fracaso respiratorio
ocurrid en las primeras 24 horas después de la extubacion (figura 2), mientras que en
los dos dias siguientes, la incidencia fue similar. En los pacientes que desarrollaron
fracaso respiratorio pero no necesitaron reintubacién inmediata, la ventilacion no
invasiva como tratamiento de rescate evitd la intubacion en dos de cada 7 pacientes
asignados a ventilaciéon no invasiva y en 15 de 20 de los controles. De las variables
asociadas con fracaso respiratorio post extubacion, en un analisis univariante, la
ventilacion no invasiva estaba asociada con un menor riesgo para esta complicacion
(tabla 4). Las variables que mostraron asociacion con fracaso respiratorio post
extubacion fueron: edad, sexo, comorbilidades, causas de ventilacion mecénica,
escores de gravedad, modos de ventilacion y duracién previa de la misma, valores
espirométricos forzados y las variables fisiolégicas antes y al final de la prueba de

respiracion espontanea.

El tiempo de estancia en la unidad de cuidados intensivos y en el hospital fue similar por

cada grupo. Las complicaciones especificas relacionadas con la ventilacion no invasiva
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incluian lesion en el puente nasal en 5 pacientes (10%, conjuntivitis en 2 (4%) y

distension gastrica en 2 (4%).

La mortalidad en la unidad de cuidados intensivos y en el hospital no difirié
significativamente entre los grupos. Sin embargo la mortalidad a los 90 dias (p= 0.0146;
figura 3) fue significativamente mas baja en los pacientes asignados a ventilacion no
invasiva que en aquellos asignados al grupo control. La tabla 3 muestra las causa de

muerte dentro del periodo de 90 dias de aleatorizacion.

5.1.5 Conclusiones

Los principales hallazgos de nuestro studio, confirman los beneficios del uso precoz de
la ventilacion no invasiva para disminuir el riesgo de fracaso respiratorio post
extubacion, en pacientes con desordenes respiratorios cronicos que presentan

hipercapnia durante la prueba de respiracién espontanea.

Las complicaciones relacionadas con la ventilacion no invasiva aunque frecuentes, no

suelen ser importantes

El tratamiento de rescate con ventilacion no invasiva se mostro eficaz en el grupo de

VNI 'y en el grupo de oxigenoterapia convencional en una proporcion elevada

En los pacientes en los que el tratamiento de rescate fracaso, la mortalidad fue similar a
la de los que fueron reintubados directamente y no condicioné un retraso en la

intubacion.

La ventilacion no invasiva disminuy6 la mortalidad a largo plazo (mortalidad a 90 dias) lo
que sugiere un efecto protector, aunque el mecanismo por el que se produce precisa

mayor investigacion



5.1.6 Tablas

5.1.6.1. Tabla 1. Caracteristicas basales de los pacientes en la entrada del estudio

Ventilacién no invasiva

Edad (afios)
Hombres
APACHE Il score al inicio estudio
Duracion ventilacién mecanica previa (dias)
Volumen espiratorio forzado 1 s (%predicho)
Tipo de enfermedad crénica
EPOC o bronquitis crénica*
Secuelas de tuberculosis pulmonar
Bronquiectasias
Sindrome hipoventilacion obesidad
Deformidad de pared toracica
Asma persistente cronica
Otras comorbilidades
Desordenes cardiacos cronicost
Inmunosupresiont
Diabetes mellitus
Cirrosis hepatica
Neoplasia
Insuficiencia renal cronica
Uso previo de ventilacién no invasiva en hospital
Causas de ventilacibn mecanica
Exacerbacién desordenes crénicos respiratorios
Neumonia
Insuficiencia cardiaca congestiva
Enfermedad neurolégica
Sépsis
Insuficiencia respiratoria postoperatoria
Otros

(n=54)

67 (10)
44 (81%)
11 (3)

5 (3)

34 (13)

38 (70%)
7 (13%)
2 (4%)

5 (9%)

1 (2%)

1 (2%)

19 (35%)
2 (4%)
11 (20%)
3 (6%)

2 (4%)

1 (2%)

7 (13%)

28 (52%)
7 (13%)
5 (9%)

1 (2%)

6 (11%)
3 (6%)

4 (7%)

Control
(n=52)
70 (9)

36 (69%)
20 (7)
4(2)

38 (11)

36 (69%)
6 (12%)
4 (8%)

4 (8%)

1 (2%)

1 (2%)

27 (52%)
2 (4%)
13 (25%)
1 (2%)

4 (8%)

1 (2%)

7 (13%)

25 (48%
7 (13%)
8 (15%)
2 (4%)
5 (10%)
2 (4%)
3 (6%)

Los datos son media (DE) o nimero de pacientes (%). APACHE-II= acute physiology and chronic health evaluation-Il. EPOC=
enfermedad pulmonar obstructiva cronica. Las pruebas de funcion pulmonar estuvo disponible en 66 (62%) pacientes.
*Bronquitis crénica definida por historia de disnea, tos, expectoracion y consumo de tabaco sin pruebas de funcién pulmonar-
tincluye enfermedad coronaria, enfemedad cardiaca hipertensiva o valvular, y miocardiopatia dilatada de cualquier causa.
fIncluye neutropenia tras quimioterapia o trasplante de medula 6sea, inmunosupresion inducida por medicacion en trasplante
de medula 6sea o como resultado de corticosteroides o terapia citotoxico, y enfermedad relacionada con HIV.
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5.1.6.2 Tabla 2: variables fisiolégicas de los pacientes a la entre del estudio

Ventilacién mecanica Prueba Respiracion espontanea
Ventilacion Control (n=52) Ventilacion Control (n=52)
No invasiva (n=54) No invasiva (n=54)

Frecuencia respiratoria
(respiraciones por min) 18 (4) 17 (3) 23 (5) 23 (5)
fiVt - - 64 (26) 65 (23)
Frecuencia cardiaca
(latidos por min) 82 (15) 77 (16) 89 (13) 87 (16)
Presion arterial sistolica
(mm Hg) 132 (17) 128 (21) 146 (18) 141 (26)
pH arterial 7,41 (0,05) 7,41 (0,05) 7,38 (0,04) 7,38 (0,03)
PaCO2 (mm Hg) 48 (6) 48 (7) 55 (6) 53 (5)
PaO2 (mm Hg) 88 (20) 93 (17) 76 (14) 81 (17)
PaO2 / Fi02 227 (51) 246 (49) 198 (39) 206 (40)

Los datos son media (DE), f/Vt= relacion frecuencia respiratoria y volumen corriente. *Variable obtenida al fin de la prueba de
respiracion.
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5.1.6.3 Tabla 3. variables de resultado, duracién de estancia, y causas de muerte

Ventilacién no invasiva Control Odds Ratio p
(n=54) (n=52) (1C-95%)
Insuficiencia respiratoria postextubacién 8 (15%) 25 (48%)  5.32(2.11-13,46) <0-001
Motivo principal de insuficiencia
Respiratoria post-extubacion 0,3451
Insuficiencia respiratoria 3 18
Aspiracién o exceso secreciones
Respiratorias 3 3
Insuficiencia cardiaca 1 2
Obstruccién via aérea superior 0 1
Encefalopatia 1 1
Tiempo desde extubacion hasta
Insuficiencia respiratoria (h) 29 (13) 17 (18) 0.0982
Cumple criterios de reintubacion 6 (11%) 10 (19%) 1.90 (0.64-5.68) 0.3741
Complicaciones
Necesidad de tragueostomia 3 (6%) 2 (4%) 0.68 (0.11-4.24) 0.9675
Diagnostico de infeccion tras inicio
Del estudio
Neumonia asociada ventilacion 3 (6%) 9 (17%) 3.48 (0.89-13.70) 0,1230
Traqueobronquitis asociada ventilacion 1 (2%) 1 (2%)
Infeccién relacionada catéter* 1 (2%) 2 (4%)
Infeccién tracto urinariat 2 (4%) 0
Bacteriemia origen desconocido 1 (2%) 9
Duracion estancia
Unidad Cuidados Intensivos 11 (13) 10 (9) 0.5041
Estancia hospital (dias) 29 (27) 24 (17) 0,2988
Mortalidad
Mortalidad unidad cuidados intensivos 3(6) 4 (8%) 1.42 (0.30-6.67) 0.7132
Mortalidad hospital 6 (11%) 11 (22%) 2.15(0.73-6.33)  0,2587
Mortalidad 90 dias 6 (11%) 16 (31%)  3.56 (1.27-10.0)  0,0244
Causa de muerte dentro 90 dias
Tras entrad al estudio
Insuficiencia respiratoriat 0 7
Shock o fallo multiorganico 3 3
Parada cardiaca 2 3
Otros 1 3

Los datos son medias (SD) nimero de pacientes (%). *Sépsis relacionada con catéter definida como hemocultivo positivo y cultivo de catéter
concomitantemente con signos inflamatorios en la vena cateterizada o en el sitio de puncion.fInfeccién de tracto urinario definido como
presencia de leucocitos en el examen del sedimento urinario con un cultivo semicuantitativo de orina positivo. ¥Muerte tras hipoxemia
progresiva, hipercapnia o ambos, son otro fracaso organico grave.
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5.1.6.4 Tabla 4: Analisis univariante y multivariante de predictores de insuficiencia respiratoria tras extubacion

Andlisis Univariante Andlisis Multivariante
Odds ratio (IC-95%) p Odds ratio ajustada (IC-95%) p
Ventilacién no invasiva 0,19 (0.07-0.48) <0,0001 0,17 (0,06-0,44) <0,0001
Mayor edad* 1,05 (1.00-1.10) 0,0430

*Edad fue considerada como una variable continua. Odds ratio muestra estimacion por cada afio incrementado en la edad
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5.1.7 Figuras

5.1.7.1 Figura 1 Perfil del estudio. *Decision previa de limitar esfuerzo en unidad de cuidados intensivos
(n=16); secreciones respiratorias excesivas (5); incapacidad legal para dar consentimiento informado (3(;
obstruccion via aérea (2); incapacidad para seguimiento adecuado por traslado a otro hospital (2); cirugia gastrica
(2) y cirugia oral (2); hemorragia gastrointestinal activa (2).

164 pacientes
elegibleso registrados

58 no aleatorizados

J ”| 34 criterios exclusién *
106 aleatorizados | | 24 redsan participar
|54 asignadosa ventilacion noinvasiva | 59 asignédos a controll
—— 1 - |
8 insuficiencia 46 éxito 25 insuficiencia 27 éxito
respiratoria extubacion Respiratoria extubacién
Post-extubacion . post-extubacion
] | ] I | ]
1 reintubacion ||7 terapiarescate 5 reintubacion | |20 terapia rescate
directa Ventilacion no directa Ventilacién no
invasiva invasiva
' 1
| 5 reintubaciénl |2 no reintubaciénl | 5 reintubaciénl [15 no reintubacién]
|

I 6 reintubacion I | 48 no reintubacién" 10 reintubacidn | | 42 no reintubaciénl

100



5.1.7.2 Figura 2. Tiempo entre la extubacion y el desarrollo de insuficiencia respiratoria
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5.1.7.3 Figura 3. Curva de Kaplan Meier de mortalidad a dia 90
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5.2 Articulo 2

5.2.1 Titulo

Ventilacion No Invasiva en la Neumonia adquirida en la comunidad e insuficiencia

respiratoria grave

5.2.2 Objetivo

La ventilacién no invasiva ha probado su eficacia en prevenir la intubacién endotraqueal
en pacientes con exacerbacion grave de la enfermedad pulmonar obstructiva cronica y en el
edema agudo de pulmdn cardiogénico. Sin embargo, en otras formas del fracaso respiratorio,
sobre todo hipoxémico, su uso es mas controvertido. Dentro de estas patologias, la neumonia
adquirida en la comunidad es una de las causas mas frecuentes de insuficiencia respiratoria
que consulta en el hospital. Pocos estudios bien disefiados han evaluado el papel de esta
terapia en esta patologia, por lo que con las actuales directrices vigentes, este tipo de soporte
ventilatorio no esta claramente indicado.

Los pacientes con neumonia adquirida en la comunidad con insuficiencia respiratoria
grave pueden ser tratado mediante ventilacion no invasiva (VNI) para intentar evitar la
progresion de la disfuncion respiratoria y la intubacion endotraqueal. El objetivo de este estudio
es analizar las caracteristicas clinicas de estos pacientes, la efectividad del soporte no
invasivo, y los factores determinantes para predecir el fracaso de la técnica y la mortalidad.

5.2.3 Métodos

Estudio prospectivo de todos los pacientes con insuficiencia respiratoria aguda,
debido a neumonia adquirida en la comunidad grave, tratados con VNI ingresados en UCI
desde enero de 1997 a diciembre de 2008. La neumonia se define como un nuevo infiltrado
pulmonar en la radiografia de térax con presencia de sintomas y signos de infeccion del
tracto respiratorio inferior. Como criterio de exclusion se considerd cualquier grado de
inmunosupresion y otros criterios publicados previamente. Todos los pacientes recibieron

tratamiento convencional para la infeccion respiratoria asi como tratamiento
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broncodilatador, segun las directrices vigentes en ese momento en la unidad, asi como

medidas de profilaxis de la enfermedad tromboembdlica.

Protocolo de la ventilacién no invasiva

Fueron monitorizadas las constantes hemodindmicas, respiratorias y neurolégicas a
todos los pacientes incluidos en el estudio. Los criterios utilizados para la aplicacion de la
VNI fueron: disnea moderada-grave, acompafiada de frecuencia respiratoria > 30
respiraciones por minuto o signos de aumento del trabajo respiratorio como la presencia de
contracciéon activa de los masculos respiratorios accesorios, y presion arterial de oxigeno /
fraccidon de oxigeno inspirado (PaO2/FiO2) < 250. Los criterios para intubacién endotraqueal
fueron la presencia de parada cardiaca o respiratoria al ingreso, pausas respiratorias con
alteracion grave de la consciencia, agitacion no controlada con medicacion, signos de
agotamiento, aspiracion masiva, incapacidad para una adecuada eliminacién de secreciones
respiratorias e inestabilidad hemodinamica sin respuesta a fluidos y bajas dosis de
noradrenalina.

La ventilacion no invasiva se aplico con ventiladores especificos no invasivos (BiPAP
ST-D y VISION ventilador; Respironics, Inc, Murrusville, PA, EE.UU.). Los pacientes fueron
ventilados mediante modo con doble nivel de presion positiva (BiPAP). Se utilizé la
mascarilla facial como primera opcion, utilizandose la mascarilla nasal en pacientes con
intolerancia a la facial. La presion positiva inspiratoria (IPAP) utilizada de inicio se fij6 en 12
cmH20, elevandose en 2-3 cm de H20 segun la respuesta del paciente, sin exceder de 25
cm de H20. La presion positiva espiratoria (EPAP) inicial se fij6 en 5 cm de H20 vy los
niveles fueron elevandose en 1-2 cm H20, en caso necesario para mejorar la hipoxemia. Se
establecié la FiO2 minima para lograr una SpO2 de al menos 92% o una PaO2 de 65
mmHg. Se obtuvieron muestras arteriales de cada paciente antes de la conexion con el

ventilador y después de 1 hora de iniciada la VNI.

Eficacia de la técnica

Se considerd éxito de la ventilacion no invasiva si se evita la intubacion endotraqueal, y el
paciente es dado de alta de la UCI, manteniéndose vivo y consciente durante al menos 24
horas después de ser trasladado a la sala de hospitalizacion convencional.

Se considera fracaso de la VNI cuando el paciente experimenta un empeoramiento de la

dificultad para respirar o del intercambio gaseoso que, hace necesaria la intubacion o
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cuando se produce la muerte. Si en un paciente se ha descartado la intubacion

endotraqueal, la VNI se mantiene

Variables recogidas

Al comienzo de la terapia con VNI se obtenian variables demograficas, clinicas y de
laboratorio. Las variables especificamente relacionadas con neumonia fueron la presencia
de infiltrado unilateral o bilateral, la afectacibn de uno o mas I6bulos pulmonares, la
presencia de derrame pleural en la radiografia de torax, la presencia de patdgenos
etiol6gicos en muestras organicas y el empeoramiento del infiltrado pulmonar, considerando
como tal un incremento del infiltrado pulmonar en la radiografia de térax al menos de un
l6bulo en las primeras 24 horas de ventilacién, en comparacion con la radiografia anterior.
El grado de afectacion organica del paciente y el fracaso de organos fueron evaluados
mediante la determinacion del indice SAPS-II, APACHE-Il, CURB65 y el indice SOFA.
También se consider6 la presencia de shock séptico al inicio del soporte respiratorio no
invasivo. Se definié insuficiencia respiratoria aguda " de novo" cuando este cuadro se
desarrollaba en paciente sin enfermedad cardiaca o respiratoria previa que condicionara la

insuficiencia respiratoria.

Analisis estadistico

Las variables cualitativas o categoricas son expresadas como numero y porcentajes, y se
compararon con la prueba Ji? o la prueba exacta de Fisher. Las variables continuas se
expresaron como media + desviacion estandar y fueron comparadas entre grupos mediante
la prueba t de Student para datos independientes, y con la correlacion de Pearson entre dos
variables continuas. Todos los andlisis fueron a dos colas y los valores de p < 0, 05 fueron
considerados significativos. Las variables identificadas como predictores de fracaso de la
VNI y mortalidad hospitalaria en el analisis univariado se incluyeron en un modelo de
regresion logistica multivariante con un condicional modelo forward stepwise (pin <0.10, pout
<0.05) para corregir colinealidad. Odds ratios ajustado, odds-ratios y sus intervalos de
confianza al 95% fueron calculados para las variables independientes asociadas al
resultado de la VNI y la mortalidad hospitalaria. La capacidad predictiva para el fracaso de
la VNI o la mortalidad hospitalaria de variables cuantitativas se evaluaron mediante la
representacién de curvas ROC y calculo del area bajo la curva con sus valores de corte
optimos, sensibilidad, especificidad y razon de probabilidad positiva y negativa. Los datos

se procesaron con el paquete informatico SPSS 16.0.
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5.2.4 Resultados

Durante el periodo de estudio, fueron ingresados 250 pacientes en UCI con diagnostico de
neumonia; 50 (20%) fueron manejados con oxigenoterapia, 16 (6%) fueron intubados de
forma urgente, y 184 (74%) recibieron VNI. Los pacientes recibieron VNI durante 44 + 33
horas a lo largo de 2,8 + 1,9 dias. Durante el tratamiento con VNI, el nivel maximo de
presion positiva inspiratoria y espiratoria fue 19 £+ 3y 9 + 1 cmH20, respectivamente. La
ventilacién no invasiva tuvo éxito en 116 pacientes (63%). Entre los pacientes con fracaso
de la VNI, 59 fueron intubados (32%) y los restantes 9 pacientes murieron sin intubacion
debido a que presentaban orden de no intubacién. Los principales razones para intubacion
fue empeoramiento de la insuficiencia respiratoria (39 casos), shock persistente (17 casos),
e intolerancia a VNI (3 casos). Los pacientes con IRA " de novo" fueron 102 (55%), mientras
que los restantes tenian historia de enfermedad cardiaca o respiratoria (Tabla 1). La
presencia de enfermedad cardiorrespiratoria previa se relacionaba con una menor tasa de
fracaso de VNI. Estos pacientes presentaban mayor edad, con mayor porcentaje de
hombres. Al ingreso tenian mayor PaCO2 y bicarbonato, menor pH arterial y menor
frecuencia respiratoria y un mayor nimero afectacion del estado de conciencia.

Las complicaciones relacionadas con la ventilacibn no invasiva fueron frecuentes.
Sesenta y nueve (38%) pacientes tenian al menos una complicacion relacionada con VNI.
Las complicaciones mas frecuentes fueron lesiones de piel, desde eritema a ulceracién (57,
31%), irritacion ocular (24, 13%), claustrofobia (15, 8%), y distensién gastrica (6, 3%). La
duracion de la VNI fue mayor en aquellos que presentaron lesiones en piel (69 + 38 versus
32 + 23 h, respectivamente, p<0.001), sin diferencias entre los dos grupos. Complicaciones
graves fueron tres casos de intolerancia total, un caso de neumonia nosocomial durante la
VNI, un caso de neumotdrax, un paciente con vomito y aspiraciéon bronquial y dos casos
tapones de moco detectadas en la intubacion.

Los predictores de fracaso de la VNI se muestran en la tabla 2. En los dos grupos de
pacientes, la menor gravedad del proceso respiratorio o sistémico, la menor afectacion
radiogréfica, y la mejoria de los parametros respiratorios y cardiacos a la hora de iniciada la
VNI se relacionaron con el resultado de la técnica. Ni la edad ni el género ni el nivel de
PaCO2 se relacionaban con el éxito de la técnica ventilatoria. La estancia y mortalidad en

UCI fue menor en los pacientes que tuvieron éxito con la VNI que en los que fracaso. Las
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variables independientemente asociadas con fracaso de VNI fueron, empeoramiento del
infiltrado radiolégico 24 horas después de admision en UCI, puntuacion de indice SOFA
maximo durante la VNI, mayor frecuencia cardiaca, menor relacion PaO2/FiO2 y nivel de
bicarbonato después de 1 hora de VNI (Tabla 3). A excepcion de la frecuencia cardiaca,
estas variables fueron muy precisas en la prediccion del fracaso de la VNI, como se

muestra en esta tabla.

El analisis de los factores relacionados con la mortalidad hospitalaria viene
representada en la tabla 4. Los que sobrevivieron en el hospital fueron mas jovenes en los
dos grupos de pacientes, con enfermedad menos grave, con menor frecuencia respiratoria
a la hora de iniciada la VNI y con mayor éxito de la VNI. En pacientes con insuficiencia
respiratoria " de novo", la supervivencia también se asocido con menor empeoramiento del
infiltrado pulmonar 24 horas después del inicio de la VNI y con una mejor oxigenacion. En
pacientes con previa afectacién respiratoria, la supervivencia también se asocié con
afectacion radioldgica bilateral y presencia de criterios de Sindrome de Distrés Respiratorio
Agudo y necesidad de farmacos vasoactivos en el inicio de la VNI. En la poblacion general,
el andlisis multivariante identific6 una maxima puntuacion SOFA durante la estancia en la
UCI, fracaso de la VNI y mayor edad como predictores independientes de mortalidad
hospitalaria (tabla 5). La puntuacién maxima del indice SOFA y el fracaso de la VNI fueron
las variables mas precisas en la prediccion de la mortalidad hospitalaria, tal como muestra
esta tabla.

En los pacientes intubados, tras fracaso de VNI, con insuficiencia respiratoria " de novo", la
duracion de la VNI en los supervivientes del hospital fue mas corto que el de los no
sobrevivieron 32 + 24 versus 78 = 65 h, p = 0,014, (Figura 1 panel de la izquierda), con un
area bajo la curva de 0,70 para la prediccion de mortalidad hospitalaria. La duracion de la
VNI antes de la intubacion que mejor predice la mortalidad fue de 53 horas, con sensibilidad
de 69% y especificidad de 83%. ElI SAPS IlI, CURBG65 y puntacién SOFA al ingreso no se
correlacionaron con la duracion de la VNI, lo que indica que los pacientes con mas tiempo
en VNI antes de la intubacién, no estaban mas graves en el momento de la admision. Por
otra parte, la necesidad de medicamentos vasoactivos en el inicio de la VNI se asocié con
menor duracién de la VNI antes de intubacion (31 + 40 versus 65 * 52 horas,
respectivamente, p = 0.030), indicando que los pacientes tratados con farmacos
vasoactivos fracasan mas rapidamente que los que no. Después del ajuste de estas

variables, la mayor duracion en horas de la VNI antes de la intubacién se asocio
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significativamente con disminucién de la supervivencia hospitalaria (odds ratio ajustada
0.978, intervalo de confianza del 95% 0.962-0.995, p = 0.012). Por el contrario, no se
encontro relacion entre duracion de la VNI antes de la intubacion y la mortalidad en

pacientes con enfermedad cardiaca o respiratoria previa (Fig. 1, panel derecho).

5.2.5 Conclusiones

Las principales caracteristicas y hallazgos de este trabajo son los siguientes:

Se trata de una muy amplia serie de pacientes con insuficiencia respiratoria secundaria a

neumonia adquirida en la comunidad tratadas con ventilacion no invasiva.

Los pacientes con insuficiencia respiratoria aguda debido a neumonia grave adquirida en la
comunidad puede ser tratada de forma efectiva con ventilacion no invasiva para evitar la

intubacion del paciente.

Los pacientes con insuficiencia respiratoria “de novo” que desarrollan una neumonia tienen
menor posibilidad de éxito cuando son tratados con ventilacion no invasiva que cuando el

paciente presenta una afectacion cardiorrespiratoria previa.

Las complicaciones relacionadas con este tipo de soporte ventilatorio, aunque son
frecuentes en estos enfermos, no suelen ser graves. Las complicaciones mayores solo se

objetivan en un porcentaje muy bajo de pacientes.

Los predictores relacionados con el fracaso son: mayor afectacion multiorganica, no mejoria
de los parametros cardiorrespiratorios a la hora de iniciada la ventilacion no invasiva y de
forma muy precisa, el empeoramiento radioldgico del infiltrado pulmonar, en las primeras 24

horas de la insturaciéon de la ventilacion no invasiva.

Los factores predictivos independientes relacionados con la supervivencia hospitalaria

fueron, el nivel de fracaso multiorganico, la edad y el éxito de la ventilacion no invasiva.
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En presencia de predictores de fracaso de la VNI, es recomendable evitar la intubacion tardia
de los pacientes con fallo respiratorio "de novo" para minimizar el potencial efecto sobre la

mortalidad.
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5.2.6 Tablas

5.2.6.1 Tabla 1 Caracteristicas clinicas y ventilatorias de los pacientes con insuficiencia respiratoria aguda “de novo” y
con enfermedad previa cardiaca o respiratoria

‘IRA De novo™ (n = 102) Previa enfermedad CR & (n = p

Edad (afios) 62 + 18 72 =11 <0.001
Genero, hombre/muier 60/42 63/19 0.015
Exito VNI, n (%) 55 (54%) 61 (74%) 0.007
SAPS-II 42 + 14 46 + 14 0.078
CURBG65 25+ 10 2.7 +0.9 0.097
Indice SOFA maximo

Durante VNI 7.0+ 3.8 6.3 + 3.2 0.16
Durante estancia UCI 82+49 7.0+ 4.2 0.064
Drogas vasoactivas al inicio VNI, n (%) 31 (30%) 19 (23%) 0.35
Criterios SDRA, n (%) 35 (34%) 15 (18%) 0.024
Escore Coma Glasgow <12, n (%) 8 (8%) 20 (24%) 0.004
Frecuencia respiratoria (resp/min) 377 34 +7 0.003
Frecuencia cardiaca (latidos/min) 108 + 20 105 + 20 0.28
PaO2/FiO2 ratio 127 + 34 136 + 37 0.084
(mmHg) PaCO2 42 + 14 60 + 22 <0.001
(mmHg) 7.37 £ 0.08 7.27 = 0.12 <0.001
pH arterial 213+ 28 30.1 +6.2 <0.001
HCO3 10 + 12 77 0.089
Estancia hospital (dias) 20 + 16 20 + 18 0.87
Mortalidad UCI, n (%) 22 (22%) 12 (15%) 0.31
Mortalidad hospital, n (%) 28 (28%) 19 (23%) 0.63

Los valores son mostrados como media + desviacion estdndar o n (%). IRA insuficiencia respiratoria
aguda, CR cardiaca o respiratoria, VNI ventiacion no invasiva, SAPS Simplified Acute Physiology Score,
CURBG65 Confusion, Elevated Blood Urea Nitrogen, Respiratory Rate and Blood Pressure plus Age
C65 years, SOFA Sepsis-Related Organ Failure Assessment, UCI unidad de cuidados intensivos.

a  Entre los pacientes con enfermedad cardiaca o respiratoria previa ., 67 presentaban EPOC, insuficiencia cardiaca

crénica en 15y 2 casos de hipoventilacion asociada a obesidad.
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5.2.6.2 Tabla 2 Variables asociadas con éxito o fracaso de la ventilacién no invasiva en pacientes con IRA “de novo” y con previa
enfermedad cardiaca o respiratoria

IRA“De novo” Previa enfermedad cardiaca o respiratoria

Exito VNI Fracaso VNI p Exito VNI Fracaso VNI p

(n = 55) (n = 47) (n = 61) (n=21)
SAPS-II 38+ 11 47 £ 15 <0.001 42 £ 11 58 + 16 <0.001
CURB65 23+09 27+11 0.077 25+08 34+09 <0.001
Indice SOFA maximo durante VNI 50+ 25 9.3+38 <0.001 51+22 9.6 + 3.6 <0.001
Hallazgos Radioldgicos, n (%)
Afectacion Bilateral 10 (18%) 27 (57%) <0.001 6 (10%) 9 (53%) 0.002
Empeoramiento infiltrado radioldgico 24 h 4 (10%) 37 (90%) <0.001 12 (20%) 13 (52%) <0.001

tras inicio VNI

Criterios SDRA, n (%) 10 (18%) 25 (71%) <0.001 6 (10%) 9 (43%) 0.002
Drogas vasoactivas a inicio VNI, n (%) 8 (26%) 23 (74%) <0.001 6 (10%) 13 (62%) <0.001
Escore Coma Glasgow <12, n (%)
Tras 1 h de VNI 1 (2%) 4 (9%) 0.18 6 (10%) 7 (33%) 0.018
Frecuencia respiratoria (respiraciones/min)
A inicio de VNI 3B5+6 39+9 0.013 33+7 35+8 0.31
Tras1 h de VNI 305 37+9 <0.001 29+ 3 32+6 0.018
Frecuencia cardiaca (latidos/min)
A inicio de VNI 106 * 22 110 = 17 0.36 101 + 19 116 + 18 0.002
Tras 1 h de VNI 101 + 19 110 + 18 0.029 98 + 17 116 += 20 <0.001
PaO,/FiO, ratio (mmHg)
A inicio de VNI 135 + 30 116 + 35 0.004 139 + 31 127 = 50 0.21
Tras 1 h de VNI 178 + 32 139 + 39 <0.001 181 + 35 158 + 57 0.028
pH Arterial
A inicio de VNI 7.38 + 0.08 7.36 +0.11 0.44 7.28 +0.12 7.24 +0.12 0.19
Tras 1 hde VNI 7.37 £ 0.05 7.36 = 0.10 0.32 7.31 +0.08 7.25 +0.11 0.005
HCO; (mEg/L) A
A inicio de VNI 222+23 20.2 + 3.0 0.001 31.0+ 34 274 +58 0.012
Tras 1 hde VNI 223+28 193+ 3.7 <0.001 320+ 38 25.1+86 0.002
Estancia UCI (dias) 6+4 15+ 16 0.001 5+3 13+ 13 0.010
Estancia Hospital (dias) 19+ 14 21 +£18 0.51 18+ 14 24 + 26 0.32
Entre supervivientes 19+ 14 26 = 10 0.055 18+ 14 28 + 27 0.099
Mortalidad UCI, n (%) 0 (0%) 34 (50%) <0.001 0 (0%) 12 (57%) <0.001
Mortalidad Hospital, n (%) 5 (9%) 23 (49%) <0.001 5 (8%) 14 (67%) <0.001
Entre pacientes intubados, n (%)* - 16 (40%) - - 12 (63%) -

Los valores son mostrados como media + deviacion estandar o n (%) IRA insuficiencia respiratoria aguda, VNI
ventilacion no invasiva, SAPS Simplified Acute Physiology Score, CURB65 Confusion, Elevated Blood Urea
Nitrogen, Respiratory Rate and Blood Pressure plus Age >65 years, SOFA Sepsis-Related Organ Failure
Assessment, UCI unidad de cuidados intensivos, SDRA sindrome de distrés respiratorio agudo  Los
restantes 9 pacientes murieron sin intubar al existir orden de no intubacion.
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5.2.6.3 Tabla 3 Analisis multivariante de variables independientes asociadas con fracaso de VNI en la poblacion general

ORAj. 1C95% p AUC puntocorte Sensibilidad Especificdad Likelihood ratio

optimo (% (%) —_——

bt %) Positivo Negativo
SOFA maximo durante VNI 1.442 1.187-1.753 <0.001 0.86 >7 81 80 4.08 0.24
Empeoramiento infiltrado 84.23 16.74-423.8<0.001 - - 77 86 5.58 0.27

Radiolégico 24 h tras VNI
Frecuencia cardiaca 1 h tras VNI min~1.064  1.029-1.100 0.002 0.68 >104 63 67 1.93 0.55
PaO,/FiO, ratio 1 h tras 0.980 0.965-0.996 0.012 0.78 <144 53 91 5.58 0.52
inicio VNI

HCOs; 1 h tras inicio VNI, mEg/L 0.802 0.711-0.905 <0.001 0.77 <23 67 68 2.72 0.48

OR Adj. Odds Ratio ajustada, IC intervalo de confianza, SOFA Sepsis-Related Organ Failure Assessment, AUC area bajo la curva
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5.2.6.4. Tabla 4 Variables asociadas con mortalidad hospitalaria en pacientes con IRA de “novo” y con previa enfermedad cardiuaca o
respiratoria

IRA“De novo” Previa enfermedad cardiaca o respiratoria
Vivo Muerto p Vivo Muerto p
(n=174) (n =28) (n =63) (n =19)
Edad (afios) 58 + 19 73+ 11 <0.001 71+ 11 767 0.024
SAPS-II 39+ 12 50 + 15 <0.001 43 £ 12 57 £ 17 <0.001
CURBS65 22+09 31+11 <0.001 25+08 35+09 <0.001
Escore SOFA Maximo durante estancia UCI 6.3 + 3.2 13.3+49 <0.001 55+ 23 119 +53 <0.001
Fracaso VNI, n (%) 24 (32%) 23 (82%) <0.001 7 (11%) 14 (74%) <0.001
Hallazgos Radioldgicos, n (%)
Afectacion Bilateral 24 (32%) 13 (46%) 0.28 8 (13%) 7 (37%) 0.037
Empeoramiento infiltrado pulmonar 24 h 23 (31%) 18 (44%) 0.003 17 (27%) 8 (47%) 0.20
Tras inicio VNI
Criterio SDRA, n (%) 22 (30%) 13 (46%) 0.18 8 (13%) 7 (37%) 0.037
Drogas vasoactivas a inicio de VNI, n (%) 20 (27%) 11 (39%) 0.34 8 (13%) 11 (58%) <0.001
Escore Coma Glasgow <12: n (%)
A inicio VNI 3 (4%) 5 (18%) 0.034 13 (21%) 7 (37%) 0.22
Tras 1 hde VNI 2 (3%) 3 (11%) 0.13 8 (13%) 5 (26%) 0.17
Frecuencia respiratoria, respiraciones/min 31 + 7 33+£5 0.026 29+ 3 32+5 0.054
Tras 1 h de VNI
PaO,/FiO, (mmHg)
A inicio VNI 132 = 33 112 = 32 0.006 134 + 30 143 + 54 0.49
Tras 1 hde VNI 167 + 41 144 + 35 0.011 175 + 33 176 + 66 0.95
pH arterial
A inicio VNI 7.38 £ 0.09 7.34 + 0.12 0.080 7.28 +0.11 7.24 + 0.13 0.32
Tras 1 h de VNI 7.38 = 0.06 7.34 +0.10 0.11 7.30 + 0.09 7.28 +0.10 0.27
HCO; (mEg/L) A
VNI al inicio 22+3 20x3 0.053 31+3 28+ 6 0.058
Tras 1 h de VNI 22+3 19+4 0.003 32+14 25+9 0.002

5alores son expresados como media + desviacion estandar o n (%). Variables con p<0.10 son mostradas en esta tabla. VNI ventilacién no
invasiva, SAPS Simplified Acute Physiology Score, APACHE Acute Physiology and Chronic Health Evaluation, CURB65 Confusion,
Elevated Blood Urea Nitrogen, Respiratory Rate and Blood Pressure plus Age > 65 years, SOFA Sepsis-Related Organ Failure
Assessment, ICU unidad de cuidados intensivos, SDRA sindrome de distrés respiratorio agudo
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5.2.6.5 Tabla 5 Analisis multivariante de variables independientes asociadas con mortalidad hospitalaria en poblaciéon general

ORAj 1C95% p AUC  punto Sensibilidad Especifcidad Likelihood ratio
corte (%) (%) _—

Positivo Negativo
SOFA maximo estancia UCI 1.342 1.158-1.556 <0.001 0.86 >12 68 95 13.3 0.34
Fracaso VNI 6.78 1.65-27.95 0.008 - - 79 7 3.48 0.27
Edad (afios) 1.118 1.056-1.185 <0.001 0.68 =>72 72 57 1.68 0.49

OR Adj. Odds Ratio ajustada, IC intervalo de confianza, SOFA Sepsis-Related Organ Failure Assessment, AUC area bajo la curva
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5.2.7 Figuras

5.2.7.1 Figura 1 Duracion de la ventilacion no invasive en pacientes que precisan intubacion y sobreviven o
mueren en el hospital. En el panel de la izquierda los pacientes con insuficiencia respiratoria “de novo”. En el
panel de la derecha con enfemedad respiratoria 0 cardiaca previa. Barras horizontales representan valores
medios de los supervivientes y no supervivientes para pacientes intubados de cada grupo
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5.3 Articulo 3
5.3.1 Titulo

Ventilacibn no invasiva en la insuficiencia respiratoria hipercapnica aguda
causado por Sindrome de Hipoventilacion-Obesidad y Enfermedad Pulmonar

Obstructiva Cronica

5.3.2 Objetivo

En la actualidad, el tratamiento de la exacerbacion severa del paciente EPOC se
realiza mediante ventilacion no invasiva (VNI). Multiples ensayos controlados y
aleatorizados han demostrado que la aplicacion de VNI en estos pacientes
disminuye la necesidad de intubacion endotraqueal, estancia y mortalidad
hospitalaria. Sin embargo, no existen estudios bien disefiados que hayan
valorado la eficacia de la VNI en el paciente con sindrome hipoventilacion
secundario a obesidad (SHO) con exacerbacion aguda, limitandose los datos
disponibles a series de casos, muchas veces retrospectivas, con poco numero
de pacientes. Pese a ello, es frecuente su uso tanto en el paciente con
agudizacion del fracaso respiratorio crénico como en el paciente en domicilio en

situacion estable.

El objetivo del presente estudio es comparar la efectividad de la VNI en dos
grupos de pacientes, SHO y EPOC, con insuficiencia respiratoria cronica

agudizada debido a una exacerbacion severa de su enfermedad.

5.3.3 Métodos

Pacientes

Estudiamos de forma prospectiva todos los pacientes que de forma
consecutiva ingresan debido a insuficiencia respiratoria cronica agudizada
debido a SHO o EPOC, en la UCI de 18 camas del Hospital Universitario Morales
Meseguer, desde enero de 1997 a diciembre de 2010. El estudio fue aprobado
por el Comité de Etica de nuestra institucién y el consentimiento informado fue

obtenido de todos los pacientes o de sus familiares mas cercanos.
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Incluimos a pacientes con insuficiencia respiratoria cronica agudizada
definida por la presencia de pH < 7.35 y PaCO2 > 45 mmHg, en una gasometria
arterial realizada tras el tratamiento inicial, que presentaban diagnéstico de SHO
y/lo EPOC. La definicion de SHO incluia la presencia de un indice de masa
corporal (IMC) > 30 kg/m?, la presencia de una gasometria previa al ingreso con
PaCO2 > 45 mmHg en el paciente despierto, y la exclusion de otras causas de
hipoventilacion por historia clinica, examen clinico, estudios radiolégicos y
espirométricos. En caso de no existir una gasometria previa al ingreso, se
precisaba la demostracion de hipercapnia en una gasometria arterial previa al
alta en paciente estabilizado. La definicion de EPOC se realizaba siguiendo las
directrices vigentes en cada momento. A los pacientes estabilizados durante su
estancia en planta se les indicaba una espirometria antes del alta a domicilio.
Los criterios de exclusion eran la presencia de otra etiologia del fracaso
respiratorio, la presencia de neumonia, neumotdrax o edema agudo de pulmon
como causa de descompensacion y la presencia de otros criterios previamente
publicados. Todos los pacientes EPOC recibieron tratamiento con
broncodilatadores nebulizados y corticoides sistémicos. Los pacientes con SHO
solo recibieron broncodilatadores si presentaban sibilancias/roncus en la
auscultacién pulmonar. Los 2 grupos recibieron antibioticos si existia sospecha

de infeccidn bacteriana, y diuréticos si presentaban edema periférico.
Protocolo de VNI.

Los criterios de iniciacion de VNI fueron disnea moderada-grave
acompafada de frecuencia respiratoria mayor de 25 respiraciones por minuto,
presencia de trabajo respiratorio definido por la contraccion activa de la
musculatura accesoria respiratoria y alteracion del intercambio gaseoso (acidosis
respiratoria con pH arterial <7.35). El tratamiento ventilatorio se realiz6 mediante
ventiladores especificos para VNI (BiPAP ST-D y VISION Ventilatory Support
System. Respironics, Inc., Murrysville). Todos los pacientes recibieron VNI en
modo doble nivel de presion (BIPAP). El protocolo utilizado fue similar en ambos
grupos de pacientes. En todos los casos se inici6 mediante la aplicacion de una
mascarilla facial, utilizandose la mascara nasal opcionalmente si el paciente no
toleraba la mascara facial. La presion positiva de la via aérea (IPAP) inicial fue

12 cmH,0 vy el nivel se elevaba 2-3 cmH,0 si el paciente lo toleraba, sin exceder
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25 cmH,0. La presion positiva de la via aérea espiratoria (EPAP) se iniciaba con
5 cmH,0 y se elevaba 1-2 cmH,0 si lo precisaba para mejorar la hipoxemia. La
FiO2 utilizada fue la necesaria para mantener una SpO2 > 92% o una PaO2> 65
mmHg. Si la VNI fracasaba, el paciente era intubado y si el paciente declinaba la
intubacion endotraqueal, la VNI se mantenia. Andlisis de los gases arteriales
fueron obtenidos en todos los pacientes antes de conectar al ventilador y tras 1
hora de VNI.

Efectividad de la técnica.

Se consideré6 que la VNI tenia éxito si se evitaba la intubacion
endotraqueal del paciente con recuperacion total de conciencia y era dado de alta
vivo de la UCI, permaneciendo con vida y consciente en la planta de
hospitalizacion, sin disnea, al menos 24 horas tras su alta de la unidad. La falta
de respuesta a la terapia no invasiva ocurria cuando el paciente experimentaba
un empeoramiento del intercambio gaseoso o incremento de la disnea a pesar de
la optimizacion de la VNI, necesitando ser intubado o se producia la muerte.
Fracaso tardio de la VNI fue definido como un nuevo episodio de insuficiencia
respiratoria con acidosis respiratoria al menos 48 horas tras la estabilizacion

inicial.
Variables medidas.

Al inicio de la terapia con VNI, se recogieron variables demograficas,
clinicas y analiticas. A todos los pacientes al ingreso se les calculaba el IMC. El
peso del paciente mediante una cama-bascula previamente calibrada y la
medicion de la talla se realizaban con el paciente en decubito supino mediante
una cinta métrica. Tras la fase aguda, si el paciente sobrevivia, la altura se
comprobaba mediante un tallimetro en posicién erecta. El grado de severidad del
paciente y el grado de fallo organico se realizaba mediante la medicién del indice
Simplified Acute Physiology Score (SAPS)-Il al ingreso en UCI y mediante el
indice Sequential Organ Failure Assessment diariamente. Los pacientes dados
de alta a domicilio fueron seguidos durante 1 afio por contacto telefénico y
comprobacién de ingreso hospitalario en el sistema informético del hospital, para
determinar el estado clinico (vivo/muerto) y si habia reingresado en el hospital

tras ser dado de alta.
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Analisis estadistico.

Las variables continuas se expresaron como media *+ desviacion estandar,
y las categdricas como numero y porcentajes. Las medias fueron comparadas
mediante la prueba T de Student para datos independientes y la prueba T para
datos apareados de cada paciente antes y después de aplicar el tratamiento
ventilatorio. Andlisis de supervivencia fue realizado para comparar el reingreso y
mortalidad al afio de seguimiento aplicando la prueba de Log-rank entre los dos
grupos analizados. Se realiza analisis de regresion de Cox, ajustado por
variables de confusion. Todos los andlisis se han realizado de forma bilateral y un
valor p <0.05 ha sido considerado significativo. Para el andlisis estadistico se

utilizé el paquete informatico SPSS version 18.0 para Windows.
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5.3.4 Resultados
Pacientes

Durante el periodo de estudio han ingresado en UCI 3075 pacientes con
insuficiencia respiratoria precisando VNI, de ellos 543 (18%) con diagnostico de
EPOC y 173 (6%) SHO. La tabla 1 muestra las caracteristicas de los pacientes
de ambos grupos. Los pacientes con SHO presentan mayor edad, predominio de
género femenino y un mayor IMC que el grupo EPOC, en estos ultimos la
presencia de tabaquismo activo fue mas frecuente. Los valores de la espirometria
forzada también difieren claramente en los dos grupos, mostrando un patrén
obstructivo el grupo EPOC y no obstructivo el grupo SHO. El resto de variables

fueron similares en ambos grupos.
Parametros fisioldgicos

Los valores de los parametros hemodinamicos, respiratorios Yy
neurolégicos al inicio y tras 1 hora de VNI estan mostrados en la tabla 2. Los
pacientes presentaban basalmente, hipercapnia grave y acidosis respiratoria con
disminucién de la oxigenacion, e incremento de la frecuencia respiratoria y
cardiaca. Excepto el bicarbonato sérico, el resto de parametros mejora a la hora
de iniciada la VNI. Entre los dos grupos, no existen diferencias significativas de
ningun parametro excepto en la frecuencia respiratoria y bicarbonato sérico tras

una hora de VNI.
Parametros ventilatorios y complicaciones derivadas de la VNI

El tipo de ventilador, las condiciones ventilatorias, la duracién de la VNI y

la frecuencia de complicaciones fue similar en ambos grupos (tabla 3)
Pronéstico de los pacientes

Los pacientes con SHO tenian menor tasa de fracaso tardio de VNI,
menos reingresos en UCI, y menor mortalidad en UCI y en el hospital, asi como
menor PaCO2 al alta del hospital que los pacientes con EPOC. No habia
diferencia en la tasa de fracaso de la VNI (tabla 4). Sin embargo, la tasa y

momento de intubacion endotraqueal, la gravedad del fracaso de sistema
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organico durante la estancia en UCI y la duracion en la estancia fue similar en

ambos grupos.

De los 610 pacientes dados de alta vivos del hospital, se pudo comprobar
el estado de todos, menos en 10 pacientes (6 EPOC y 4 con SHO) al afio de
evolucion. En los pacientes analizados, la CPAP nocturna nasal domiciliaria fue
mas frecuente en pacientes con SHO, mientras que la VNI domiciliaria fue similar
en ambos grupos. La tasa de reingreso en el periodo de seguimiento fue similar s
(figura 1), pero la supervivencia al afio fue mayor en SHO (odds ratio 1.83; IC-
95% 1.24-2.69; p = 0,002) [Figura 2]. Sin embargo, tras ajustar por variables de
confusion, la supervivencia de los pacientes con SHO no difiere de forma
significativa (odds ratio 1,41; 1C-95%=0,70-2,83; p = 0.34). En pacientes con
SHO, los reingresos al afio fueron mas frecuentes en aquellos con CPAP
domiciliaria o VNI. Sin embargo, tras ajustar por variables de confusion, los

reingresos domiciliarios no son mayores en aquellos tratados de esta forma.

Comparacion de los pacientes con EPOC con o sin obesidad

La prevalencia de sindrome de apnea-hipoapnea del suefio fue mayor, y
la tasa de fracaso tardio de VNI, fue menor, en pacientes con EPOC y obesidad,
con menos reingresos hospitalarios al aflo, comparado con EPOC no obesos. El
resto de resultados fueron similares en estos dos grupos de pacientes (Tabla 5y
Figura 3). CPAP nocturna nasal domiciliaria y VNI fueron mas frecuentes en los
EPOC con obesidad.
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5.3.5 Conclusiones

Las conclusiones mas importantes de este trabajo son:

Nuestro estudio recoge la serie mas extensa de pacientes con SHO y

EPOC tratados con VNI por fracaso respiratorio agudo

Los pacientes con sindrome de hipoventilacion obesidad y agudizacion
grave de la insuficiencia respiratoria pueden ser tratados de forma efectiva

con VNI, mediante un protocolo similar a los del pacientes EPOC

Los dos grupos de pacientes, con una gravedad similar en el fallo
respiratorio, tienen una porcentaje de éxito muy elevado, con
complicaciones frecuentes relacionadas con el soporte ventilatorio, pero

en general poco graves

La mortalidad hospitalaria fue menor en los pacientes con SHO que en los

gue padecian EPOC.

La evolucion al afio de seguimiento muestra un buen prondstico de los

pacientes sobre todo de los que presentaban SHO

Los pacientes EPOC con obesidad tenian menor tasa de reingresos que

los EPOC no obesos.
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5.3.6 Tablas

5.3.6.1 TABLA 1. Caracteristicas de los pacientes al ingreso

123

EPOC (n =543) SHO (n =173) P

Edad, afios 71+ 10 74 + 11 0.001
Sexo, H/M 477/66 39/134 <0,001
indice Masa Corporal, kg/m? 30+4 42 +6 <0,001

Rango (20-46) (34-57)
SAPS I 42 = 11 40 = 11 0.089
Procedencia, n (%) 0.85

Area de Urgencia 361 (67) 113 (65)

Planta 182 (33) 60 (35)
Fumador activo, n (%) 145 (27) 13 (8) <0,001
Orden de no intubacién, n (%) 161 (30) 48 (28) 0.70
FEV,

Mililitros 892 + 233 2,051 + 433 <0,001

% pred. 29+7 68 +9 <0,001
FvC

Mililitros 2,431 + 395 2,535 + 577 0.13

% pred. 57 +6 75 = 10 0.004
FEV,/FVC, % pred. 37+9 81+ 5 <0,001
indice Charlson 3+1.6 29+1.3 0.70
Funcién Cardiaca’

Dilatacion ventriculo derecho, n (%) 42 (21) 16 (23) 0.80

Disfuncion diastélica ventriculo izquierdo,n (%) 49 (24) 19 (28) 0.70

Fraccién eyeccién ventriculo izquierdo, % 52 + 11 50 + 12 0.24
Enfermedad cardiaca crénica, n (%) 106 (20) 32 (19) 0.85
Diabetes mellitus, n (%) 175 (32) 69 (40) 0.079
SAHS, n (%)* 150 (28) 143 (83) <0,001

indice Apnea-hipoapnea, h™* 24 + 13 30+ 14 <0,001

CT-90, % 26 + 16 34+ 19 <0,001
Oxigeno domiciliario previo, n (%) 251 (46) 68 (39) 0.13
VNI domiciliaria previa NIV, n (%) 61 (11) 16 (9) 0.43
Ingreso previo en UCI, n (%) 385 (71) 112 (65) 0.15
Ingreso hospital en el afio previo, n (%) 231 (43) 59 (34) 0.060
Cause de exacerbacioén, n (%) 0.31

Infeccion respiratoria 388 (72) 117 (68)

Cardiaca 65 (12) 23 (13)

Cirugia 15 (3) 5(@3)

Trauma 11 (2) 6 (3)

Drogas depresoras de consciencia 7 (1) 8 (5)

Infeccién no respiratoria 5(1) 2 (1)

Otras 6 (1) 1(1)

Desconocida 46 (9) 11 (6)

Definicién de abreviaturas: EPOC = Enfermedad pulmonar obstructiva crénica; CT-90 = % de
tiempo de polisomnografia con saturacién arterial de oxigeno menor del 90%; UCI = unidad
de cuidados intensivos; VNI = ventilacion no invasiva; SHO = sindrome de hipoventilacion
obesidad; SAHS = sindrome de apnea-hipoapnea del suefio; SAPS Il = Simplified Acute
Physiologic Score II.
* Valores numéricos estan expresados como media + desviacion estandar.
"Ecocardiografia fue realizada en 202 (37%) pacientes con EPOC y 69 (40%) pacientes con SHO.

*Diagnostico de SAHS, fue realizado por observacién en historia clinica del estudio poilisomnografico. indice CT-

90estuvo disponible en 144 (96%) pacientes con EPOC y 133 (93%) pacientes con SHO.



5.3.6.2 TABLA 2. Parametros respiratorios, hemodinamicos y neurolégicos antes
del inicio y tras 1 hora de tratamiento con ventilacion no invasiva

EPOC (n = 543) SHO (n =173) Pt

Frecuencia cardiaca, min™
Al inicio de VNI 100 + 20 101 +21 0.44
Tras 1 h de VNI 97 £19 98 + 20 0.57
Pt <0.001 <0.001

Presion arterial media, mm Hg
Al inicio de VNI 85+ 16 84 +16 0.20
Tras 1 hde VNI 80 £ 15 78 £14 0.27
Pt <0.001 <0.001

Frecuencia respiratoria, min™
Al inicio de VNI 31+8 309 0.11
Tras 1 h de VNI 28+5 27+4 0.002
Pt <0.001 <0.001

pH arterial
Al inicio de VNI 7.22+£0.08 7.22+0.08 0.79
Tras 1 h de VNI 7.26 £0.07 7.27 £0.07 0.17
Pt <0.001 <0.001

PaO2/FIO2, mm Hg
Al inicio de VNI 174 £ 41 171+ 40 0.38
Tras 1 h de VNI 198 + 39 197 +42 0.87
Pt <0.001 <0.001

PaCO2, mm Hg
Al inicio de VNI 86 + 22 84 +18 0.34
Tras 1 h de VNI 77+21 75+18 0.17
Pt <0.001 <0.001

HCO3, mEg/L
Al inicio de VNI 32+2 31+2 ,0.001
Tras 1 h de VNI 32+3 31+3 0.002
P valuet 0.80 0.64

Escala coma Glasgow
Al inicio de VNI 125+35 125+3.1 0.81
Tras 1 h de VNI 14+21 14+2.2 0.95
Pt <0,001 <0.001

Definicién de abreviaturas: EPOC = Enfermedad pulmonar obstructiva crénica;;VNI = ventilacién no invasiva; SHO = sindrome hipoventilacion
obesidad; * Valores son expresados como media + desviacién estandar

tComparison entre EPOC y SHO
+ Comparison entre valores obtenidos al inicio y tras 1 hora de VNI
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5.3.6.3 TABLA 3. Caracteristicas ventilatorias y complicaciones relacionadas con
la ventilacion no invasiva

EPOC (n = 543) SHO (n =173) p

Tipo de ventilador 0.60

BiPAP ST/D 238 (44) 73 (42)

BiPAP VISION 303 (56) 102 (58)
IPAP Méaxima, cm H20 18.6 +3.5 18.4+3.5 0.45
EPAP Méaxima, cm H20 75+13 7.2+1.1 0.011
Duracién VNI, d 28+18 32 0.13
Duracion VNI, ht 41 +£25 42 £ 27 0.56
Complicaciones de VNI, n (%) 206 (38) 75 (43) 0.24
Lesion cutanea 166 (31) 63 (36) 0.18
Irritacién ocular 71 (13) 23 (13) >0.99
Claustrofobia 52 (10) 16 (9) >0.99
Distension gastrica 19 (4) 6 (4) >0.99
Vomito 3(1) 0 >0.99
Aspiracion bronquial 1(0.2) 0 >0.99
Tapon moco 1(0.2) 0 >0.99
Neumotorax 5(1) 0 0.34
Neumonia Nosocomial 6 (1) 1(1) .0.99
Intolerancia total de VNI 8(2) 2() >0.99
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5.3.6.4 TABLA 4. Resultados de los pacientes

Fracaso VNI, n (%)

Intubacion endotraqueal, n (%)

Tiempo entre inicio de VNI y IET, d

Fracaso tardio de VNI, n (%)

Reingreso en UCI, n (%)

SOFA méximo durante estancia en UCI

Estancia UCI, d

Estancia hospital, d

Paco:al alta del hospital, mm Hg

Mortalidad UCI, n (%)

Mortalidad hospital, n (%)

Causas de muerte hospital
Insuficiencia respiratoriat
Shock-fallo organic multiple

Terapias respiratorias durante el afio tras ingreso

hospitalario:

CPAP nasal nocturna domiciliaria, n (%)

VNI domiciliaria, n (%)

EPOC (n = 543)

59 (11)
23 (4)
18+14
67 (13)
24 (5)
52+31
4+8

15 + 13
58+ 6
42 (8)
96 (18)

76 (79)

20 (21)

18 (4)
52 (12)

SHO (n=173)

11 (6)
7(4)
2.7+45
12 (7)
1(1)
5127
414

16 + 10
53+4
2(1)

10 (6)

5 (50)

5 (50)

71 (45)
16 (10)

0.11
>0.99
0.61
0.037
0.023
0.64
0.93
0.32
<0.001
0.003

<0.001
0.095

<0.001
0.66

Definicién de abreviaturas: EPOC = Enfermedad pulmonar obstructiva cronica; CPAP: presién positiva continua en la via aérea; IET: intubacién
endotraqueal; UCI: unidad de cuidados intensivos; VNI = ventilacion no invasiva; SHO = sindrome hipoventilacion obesidad; SOFA =

Sequential Organ Failure Assessment.* Valores son expresados como media *+ desviacion estandar

tMuerte tras hipoxemia progresiva o hipercapnia sin otro fracaso de sistema organico principal

tDatos de 600 pacientes dados de alta vivos y seguidos durante 1 afio tras el ingreso hospitalario. CPAP nasal nocturna domiciliaria o VNI
fueron indicadas por los médicos que atendia al paciente
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5.3.6.5 TABLA 5. Comparacion entre pacientes con EPOC con y sin obesidad

EPOC no obeso (n = 359) EPOC obeso (n = 184) P
indice de masa corporal, kg/m? 27+2 34+4 <0.001
SAHS, n (%) 52 (15) 98 (53) <,0.001
Fracaso VNI, n (%) 43 (12) 16 (9) 0.31
Fracaso tardioVNI, n (%) 52 (16) 15 (9) 0.045
Reingreso en UCI, n (%) 17 (5) 7(4) 0.78
Estancia UCI, d 4+4 4+12 0.71
Estancia hospital, d 15+ 10 16 +17 0.35
Mortalidad UCI, n (%) 28 (8) 14 (8) >0.99
Mortalidad hospital, n (%) 70 (20) 26 (14) 0.15
Terapias respiratorias durante el afio tras
Ingreso hospital +

CPAP nasal nocturna domiciliaria, n (%) 6 (2) 12 (8) 0.009
VNI domiciliaria, n (%) 27 (9) 25 (16) 0.054

Definicién de abreviaturas: EPOC = Enfermedad pulmonar obstructiva crénica; CPAP: presién positiva continua en la via aérea; UCI: unidad de
cuidados intensivos; VNI = ventilacién no invasiva; SAHS = sindrome apnea-hipoapnea del suefio* Valores son expresados como media +
desviacién estandar

t+Datos son de 439 pacientes con EPOC dados de alta vivos y seguidos durante 1 afio tras el ingreso hospitalario
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5.3.7 Figuras

5.3.7.1 Figura 1. Probabilidad de permanecer libre de reingreso hospitalario
durante el seguimiento de 1 afio en | poblacién total. EPOC = enfermedad
pulmonar obstructiva crénica; SHO = sindrome de hipoventilacion obesidad.
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5.3.7.2 Figura 2. Supervivencia de los pacientes durante el seguimiento de 1
afio. EPOC = enfermedad pulmonar obstructiva crénica; SHO = sindrome de
hipoventilacion obesidad.
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5.3.7.3 Figura 3. Probabilidad de permanecer libre de reingreso hospitalario
durante el seguimiento de 1 afio en pacientes con EPOC con y sin obesidad.
EPOC = enfermedad pulmonar obstructiva crénica
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6.

131

Conclusiones Finales

- En el fracaso postextubacion, nuestro estudio demuestra que, el uso
precoz de la ventilacibn no invasiva, tiene un efecto beneficioso en los
pacientes con desordenes respiratorios crénicos que, presentan hipercapnia
durante la prueba de respiracion espontanea, con disminucion de mortalidad

a los 90 dias

- La insuficiencia respiratoria aguda debido a neumonia grave adquirida en
la comunidad, puede ser tratada de forma efectiva con ventilacion no
invasiva, con mayor probabilidad de éxito en los pacientes con afectacion

cardiorespiratoria previa

— Los pacientes con sindrome de hipoventilacion obesidad que presentan
agudizacion grave de su insuficiencia respiratoria, pueden ser tratados de
forma efectiva con ventilacion no invasiva, mediante un protocolo similar al
utilizado en los enfermos con enfermedad pulmonar obstructiva crénica, con

un porcentaje de éxito muy elevado y con buen prondstico al afio
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Non-invasive ventilation after extubation in hypercapnic
patients with chronic respiratory disorders: randomised
controlled trial

Miquel Ferrer, Jacobo Sellarés, Mauricio Valencia, Andres Carrillo, Gumersindo Gonzalez, Joan Ramon Badia, Josep Maria Nicolas, Antoni Torres

Summary

Background Non-invasive ventilation can prevent respiratory failure after extubation in individuals at increased risk of
this complication, and enhanced survival in patients with hypercapnia has been recorded. We aimed to assess
prospectively the effectiveness of non-invasive ventilation after extubation in patients with hypercapnia and as rescue
therapy when respiratory failure develops.

Methods We undertook a randomised controlled trial in three intensive-care units in Spain. We enrolled 106 mechanically
ventilated patients with chronic respiratory disorders and hypercapnia after a successful spontaneous breathing trial.
We randomly allocated participants by computer to receive after extubation either non-invasive ventilation for
24 h (n=54) or conventional oxygen treatment (n=52). The primary endpoint was avoidance of respiratory failure within
72 h after extubation. Analysis was by intention to treat. This trial is registered with clinicaltrials.gov, identifier
NCT00539708.

Findings Respiratory failure after extubation was less frequent in patients assigned non-invasive ventilation than in
those allocated conventional oxygen therapy (8 [15%)] vs 25 [48%]; odds ratio 5-32 [95% CI 2-11-13-46]; p<0-0001). In
patients with respiratory failure, non-invasive ventilation as rescue therapy avoided reintubation in 17 of 27 patients.
Non-invasive ventilation was independently associated with a lower risk of respiratory failure after extubation (adjusted
odds ratio 0-17 [95% CI 0-06-0-44]; p<0-0001). 90-day mortality was lower in patients assigned non-invasive
ventilation than in those allocated conventional oxygen (p=0-0146).

Interpretation Early non-invasive ventilation after extubation diminished risk of respiratory failure and lowered 90-day
mortality in patients with hypercapnia during a spontaneous breathing trial. Routine implementation of this strategy
for management of mechanically ventilated patients with chronic respiratory disorders is advisable.

http://search.proguest.com/health/docview/199039076/fulltextPDF/7C348726D79346B5PQ/1?account
id=50037



http://search.proquest.com/health/docview/199039076/fulltextPDF/7C348726D79346B5PQ/1?accountid=50037
http://search.proquest.com/health/docview/199039076/fulltextPDF/7C348726D79346B5PQ/1?accountid=50037

INTENSIVE CARE MEDICINE

Non-invasive ventilation in community-acquired
pneumonia and severe acute respiratory failure

Abstract Purpose: The use of
non-invasive ventilation (NIV) in
severe acute respiratory failure (ARF)
due to community-acquired pneumo-
nia (CAP) i1s controversial, and the
risk factors for NIV failure in these
patients are not well known. We
assessed the characteristics and pre-
dictors of outcome of patients with
CAP and severe ARF treated with
NIV. Methods: We prospectively
assessed 184 consecutive patients;
102 had “de novo” ARF, and 82
previous cardiac or respiratory dis-
ease. We defined successful NIV as
avoidance of intubation and intensive
care unit (ICU) survival at least 24 h
in the ward. We assessed predictors
of NIV failure and hospital mortality
in multivariate analyses. Results:
Patients with “de novo™ AREF failed
NIV more frequently than patients
with previous cardiac or respiratory
disease (47, 46% versus 21, 26%.

p = 0.007). Worsening radiologic
infiltrate 24 h after admission, maxi-
mum Sepsis-Related Organ Failure
Assessment (SOFA) score and, after
1 h of NIV, higher heart rate and
lower PaO-/Fi0, and bicarbonate

independently predicted NIV failure.
Likewise, maximum SOFA, NIV
failure and older age independently
predicted hospital mortality. Among
intubated patients with “de novo”
ARF, N1V duration was shorter in
hospital survivors than non-survivors
(32 £ 24 versus 78 = 65 h,

p = 0.014). In this group, longer
duration of NIV before intubation
was associated with decreased hospi-
tal survival (adjusted odds ratio
0.978, 95% confidence interval
0.962-0.995, p = 0.012). This asso-
ciation was not observed in patients
with previous cardiac or respiratory
disease. Conclusions: Successful
NIV was strongly associated with
better survival. If predictors for NIV
failure are present, avoiding delayed
intubation of patients with “de novo™
ARF would potentially minimise
mortality.

Keywords Non-invasive ventilation -
BiPAP - Acute respiratory failure -
Severe community-acquired
pneumonia

http://rd.springer.com/article/10.1007/s00134-012-2475-6/fulltext.html
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Noninvasive Ventilation in Acute Hypercapnic
Respiratory Failure Caused by Obesity Hypoventilation
Syndrome and Chronic Obstructive Pulmonary Disease

Rationale: Noninvasive ventilation (NIV) is widely used in episodes of
acute hypercapnicrespiratory failure (AHRF) in patients with chronic
obstructive pulmonary disease (COPD). However, there is no evi-
dence on the efficacy of NIV during similar episodes in obesity hypo-
ventilation syndrome (OHS).

Objectives: To compare the efficacy of NIVin episodes of AHRF caused
by OHS and COPD.

Methods: We prospectively assessed 716 consecutive patients (173
with OHS and 543 with COPD) with AHRF (arterial pH < 7.35 and
Paco,> 45mmHg) treated with a similar protocol of NIV. We defined
successful NIV as avoidance of intubation and intensive care unit
survival at least 24 hours in the ward. Hospital survivors were fol-
lowed for 1 year to assess hospital readmission and survival.
Measurements and Main Results: Both groups had similar (mean = SD)
baseline respiratory acidosis (arterial pH, 7.22 = 0.08; Paco,, 86 * 21
mm Hg). Patients with OHS were older (74 = 11vs. 71 = 10yr; P <
0.001); were more frequently female (134, 77% vs. 66, 12%; P <
0.001); had less late NIV failure (12, 7% vs. 67, 13%; P = 0.037);
had lower hospital mortality (10, 6% vs. 96, 18%; P < 0.001); and
hadhigher 1-yearsurvival (odds ratio, 1.83; 95% confidence interval,
1.24-2.69; P = 0.002). However, survival adjusted for confounders
(adjusted odds ratio, 1.41; 95% confidence interval, 0.70-2.83; P =
0.34), NIV failure (11, 6% vs. 59, 11%; P= 0.11), length of stay, and
hospital readmission were similar in both groups. Among patients
with COPD, obesity was associated with less late NIV failure and
hospital readmission.

Conclusions: Patients with OHS can be treated with NIV during an
episode of AHRF with similar efficacy and better outcomes than
patients with COPD.

Keywords: noninvasive ventilation; BiPAP; acute hypercapnic respira-
tory failure; obesity hypoventilation syndrome; chronic obstructive pul-
monary disease
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